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Executive Summary ES-1 

Executive Summary 

 

ES.1 Introduction 

The California Solar Initiative (CSI) is the largest customer-owned solar incentive program 

in the history of the United States.  The CSI program is overseen by the California Public 

Utilities Commission (CPUC) and provides solar incentives to customers in the investor-

owned utility (IOU) territories of Pacific Gas & Electric (PG&E), Southern California Edison 

(SCE), and San Diego Gas & Electric (SDG&E).  The CSI program has a budget of $2,167 

million over ten years and the goal is to reach 1,940 MW of installed solar capacity by 2016, 

including 1,750 MW from the general market program and 190 MW from the two low-

income residential programs. 

 

Project Scope and Key Objectives of Study 

The primary purpose of the 2009 CSI Impact Evaluation study is to assess the impact of the 

CSI program during the 2009 timeframe.  This includes not only CSI solar systems installed 

during calendar year 2009, but also systems installed in 2007 and 2008 that were operational 

in 2009.1   

 

Similar to the 2007-2008 CSI Impact Evaluation Report, the 2009 CSI Impact Evaluation 

Report examines the impacts of the CSI program on electricity energy production and peak 

demand reduction, performance relative to installed capacity, expected versus actual solar 

production, emissions reductions (CO2, NOx, PM-10), and transmission and distribution 

system impacts.   

 

In addition to the objectives of previous CSI reports, a primary objective for this report is to 

assess the extent to which the CSI participants have undertaken energy efficiency measures 

as a result of the energy audit required by the CSI program and to determine the level of 

integration between energy efficiency and solar.  The research team also conducted billing 

and load profile analyses to further evaluate the impact of the CSI program on customer 

utility bills.  Key objectives addressed in the evaluation include: 

 

 Impacts on electricity energy production and demand reduction  

 Performance relative to installed capacity  

 Expected vs. actual solar production  

 CO2, NOx, and PM-10 emissions reductions associated with the solar installations 

                                                 
1  This report does not consider solar installed under other programs or those systems installed for wholesale 

generation purposes. 
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 Transmission and distribution system impacts 

 Energy use and daily energy profiles of CSI participants.  

 Monitoring and maintenance impacts on PV performance 

 Energy efficiency adoption and impacts of CSI participants 

 Awareness and satisfaction of the CSI program and future opportunities 

 

The sections of this report are organized in the following order: 
 

 Section 1 – Introduction. 
 

 Section 2 - Summary of the CSI program status through the end of 2009. 
 

 Section 3 - Describes the generation data sources and summarizes metered data 

collected for the evaluation. 
 

 Section 4 - Describes the phone survey data collected for CSI participants and 

nonparticipants, and data collected from our on-site inspections. 
 

 Section 5 - Discusses the 2009 impacts associated with CSI projects at the 

program level including impacts associated with energy delivery; peak demand 

reduction; effective capacity and GHG emissions reductions. 
 

 Section 6 - Discusses the 2009 impacts associated with CSI projects on the 

transmission and distribution systems. 
 

 Section 7 - Discusses the residential CSI participants‘ monthly impact on total 

energy usage through a billing analysis including the bill tiers.  
 

 Section 8 – Provides residential and nonresidential CSI participants‘ daily impacts 

through an analysis of individual load and generation profiles. 
 

 Section 9 - Reviews CSI participant activity impacting PV performance including 

use of monitoring equipment and the review of the behavior of top and bottom PV 

performers. 
 

 Section 10 - Discusses the CSI impact on participation in energy efficiency and 

the impact of different energy efficiency requirements in the CSI program. 
 

 Section 11 - Reviews the progress of the CSI program maturing through an 

analysis of the awareness and satisfaction of the CSI program and future growth 

expectations seen through the eyes of solar contractors. 
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ES.2 Update on CSI Program Status 

Participation in the CSI program continued to grow with more PV systems and capacity 

installed in 2009 than any previous year under the CSI program.  In the following tables and 

figures we summarize major data elements of the CSI program including business sectors 

growth, geographic location of systems, third party ownership in the residential market and 

the continued downward price trend of installed solar. 

 

Program Statistics and Growth 

As shown in Table ES-1, the 2009 CSI program installed 13,100 PV systems accounting for 

a rebated capacity of 146.7 MW CEC PTC AC.2  This represented a 55 percent year-over-

year growth rate of installed systems from the previous year.  The systems installed in 2009 

represented 52.4 percent of the total number of systems and 51.6 percent of the total capacity 

for the CSI program over its three-year lifetime.  Over three years of the CSI program, almost 

25,000 systems have been installed representing 284.5 MW of installed rebated capacity.  

This is a significant growth in capacity and systems given that from 1993 to 2006 there were 

22,259 customer-owned systems installed, representing 157.3 MW of installed capacity 

within the IOU service territories.  

 

Table ES-1:  CSI Installed Systems per Quarter 

  2007 2008 2009 Total 

Quarter n MW n MW n MW n MW 

Q1 13 0.3 2,102 27.1 3,335 59.7 5,450 87.1 

Q2 321 1.7 1,993 23.5 2,820 28.3 5,134 53.5 

Q3 1,232 7.6 2,428 27.6 3,053 25.0 6,713 60.2 

Q4 1,875 15.7 1,919 34.3 3,892 33.7 7,686 83.7 

Total 3,441 25.3 8,442 112.6 13,100 146.7 24,983 284.5 

Percent 13.8% 8.9% 33.8% 39.6% 52.4% 51.6% 100% 100% 

 

                                                 
2  The rebated capacity is the CEC PTC rating (AC) associated with the rebate (incentive) provided to the 

applicant and will be in CEC PTC AC unless specified. 
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Figure ES-1 illustrates the rapid growth by quarter, of the number of installed PV systems in 

California over the last three years.  In 2009, there has been a material increase in the number 

of systems installed, primarily due to growth in residential system installations. 

 

Figure ES-1:  CSI Program Installed Systems by Year and Quarter 
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Geographically, the growth in PV installed capacity is distributed relatively equally 

throughout California, as Figure ES-2 illustrates.  In 2007, systems were installed in 

population centers but with 2008 and 2009 there was an expansion of systems being installed 

in the north coast, northern and central valleys, and east of Los Angeles County.  In short, the 

CSI is California-wide. 

 

Figure ES-2:  Evolution of CSI Incentive Program in California  
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Figure ES-3 illustrates the cumulative installed capacity since the beginning of the CSI 

Program by sector.  Approximately 40 percent of the total installed capacity is in the 

residential and small commercial market sectors for systems that are 10 kW and below.  

 

Figure ES-3:  Cumulative Completed and Active On-Line Capacity by Month 
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The different growth rates in these sectors can be seen in Table ES-2.  In 2008, there was an 

increase in the percentage of MW installed for large commercial.  This trend reversed itself 

as more residential systems were installed in 2009 and fewer commercial systems and MW 

were installed.  Some of this change could be due to the January 1, 2009 change in the 

federal tax law removing the investment tax credit cap for residential systems. 

 

Table ES-2:  CSI Customer Grouping Percentages by Year of Installation 

Customer 

Grouping 

2007 2008 2009 Total 

%n 
% 

MW 
%n 

% 

MW 
%n 

% 

MW 
%n 

% 

MW 

Residential 96.5% 59.4% 92.5% 31.7% 95.1% 40.5% 94.4% 38.7% 

Small Commercial 1.5% 1.0% 2.3% 0.8% 1.8% 0.7% 1.9% 0.8% 

Large Commercial 2.0% 39.5% 5.2% 67.5% 3.1% 58.8% 3.7% 60.5% 

* Totals may not add due to rounding  
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Increases in Third Party Ownership 

Table ES-3 shows that 12 percent of the systems, accounting for 40 percent of the MW, were 

owned by third parties, indicating that larger systems were more likely to be owned by third 

parties than smaller systems.  The portion of systems owned by third parties out of the total 

number of systems installed was the same in 2007 and 2008 (~9%), but increased 

substantially in 2009 (~14%).  However, in terms of capacity, the portion of third-party 

owned systems was the same in 2007 and 2009 (i.e. ~43%) but surprisingly, dropped to 34% 

in 2008.  Overall, the share of capacity under third party ownership contracted in 2008 and 

then third party ownership grew in 2009 in terms of the share of capacity and portion of the 

number of systems. 

 

Table ES-3:   Third Party Ownership by Year—All Systems 

Year Total 

Third 

Party 

Owned 

(n) 

Third 

Party 

Owned 

(%) 

Third 

Party 

Owned 

(MW) 

Third 

Party 

Owned 

MW% 

Average Third 

Party Owned 

System Size (kW) 

2007 3,440 319 9.3% 16.5 42.9% 51.8 

2008 8,443 762 9.0% 31.9 34.2% 41.9 

2009 13,100 1,793 13.7% 65.0 42.5% 36.2 

Grand Total 24,983 2,874 11.5% 113.4 39.9% 39.5 
* Totals may not add due to rounding 
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The growth in the share of third party ownership in 2009 appears to come from the 

residential sector.  For residential facilities, the portion of third-party owned systems (both 

number and capacity) was approximately the same in 2007 and 2008.  However, third party 

ownership in the residential sector increased by 155% in 2009, while the entire residential 

sector grew by56%.  The growth in third party ownership implies that third party financing 

may have resolved financial barriers of the high initial cost to expanded growth of PV into 

the residential market.  For the commercial segment, as financial liquidity returns, it is 

expected that this market will return to levels before 2009. 

 

Table ES-4:  Third Party Ownership—Residential 

Year Total 

Third 

Party 

Owned 

(n) 

Third 

Party 

Owned 

(%) 

Third 

Party 

Owned 

(MW) 

Third 

Party 

Owned 

MW% 

Average Third 

Party Owned 

System Size 

(kW) 

2007 3,260 255 7.8% 1.1 7.2% 4.2 

2008 7,944 627 7.9% 2.9 7.6% 4.6 

2009 12,386 1,605 13.0% 8.0 13.9% 5.0 

Grand Total 23,590 2,487 10.5% 11.9 10.8% 4.8 
* Totals may not add due to rounding 

 

We also examined third party ownership by Program Administrator (PA).  Both CCSE and 

PG&E appear to have similar portions of PV systems owned by third parties.  However, a 

substantially larger portion (both numerically and in terms of capacity) of systems is owned 

by third-parties in SCE territory. 

 

Table ES-5:  Third Party Ownership by PA—All Systems 

PA Total 

Third 

Party 

Owned 

(n) 

Third 

Party 

Owned 

(%) 

Third 

Party 

Owned 

(MW) 

Third 

Party 

Owned 

MW% 

Average Third 

Party Owned 

System Size (kW) 

CCSE 3,139 311 9.9% 9.2 33.6% 29.6 

PG&E 15,613 1,674 10.7% 56.0 34.1% 33.4 

SCE 6,231 889 14.3% 48.2 51.8% 54.2 

Grand Total 24,983 2,874 11.5% 113.4 39.9% 39.5 
* Totals may not add due to rounding 
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Downward PV Price Trends 

The research of systems rebated under the CSI program indicates that there is a downward 

trend in installed price per Watt for CSI systems, as displayed by the following figure.   

 

Figure ES-4:  Capacity Weighted Average System Cost by Quarter Applied for 
Completed Host-Owned Systems Installed by December 31, 2009 
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The evaluation team also examined the geographic distribution of PV systems by system 

count and MW throughout California.  As we have seen previously, PV systems, particularly 

smaller residential systems are located in urban areas such as the San Francisco Bay Area, 

the Los Angeles metro Area, and San Diego County (see Figure ES-5).  The team further 

broke this data down per capita by both systems and by MW (see Section 2 of the Evaluation 

Report).  

 

Figure ES-5:  CSI Systems Installed per County—Top 20 

0

500

1000

1500

2000

2500

3000

3500

N
u

m
b

er
 o

f 
S

it
es

 
 

 



2009 CSI Impact Evaluation 

Executive Summary ES-11 

ES.3 CSI Impacts and Benefits at the Utility Scale 

CSI projects generated over 390,000 MWh of electricity during 2009; over three times the 

amount generated in 20083.  That energy was enough to meet the electricity requirements of 

approximately 66,000 homes for a year.4   

 

Energy Delivery at the PA Level  

Table ES-6 provides annual energy impacts for CSI projects by PA for 2009, the 

corresponding number of solar systems installed by the end of 2009, and the estimated 

annual capacity factor. 

 

Table ES-6:  Estimated CSI Annual Energy Impacts by PA (MWh) 

Program PV Systems PV Systems 

PV 

Generation 

Annual Capacity 

Factor 

Administrator (n) (MW) (MWh) (kWh/kWp) 

PG&E 15,613 164.1 225,063 0.20 

SCE 6,231 93.0 126,850 0.20 

CCSE 3,139 27.4 38,837 0.21 

Total 24,983 284.5 390,750 0.20 

* The uncertainty on all of these estimates is better than 90/10 confidence 

** CCSE is the program administrator of the CSI program in SDG&E‘s service area. 

 

PV systems installed in the PG&E area are estimated to have supplied slightly over 58 

percent of the total electricity delivered by CSI projects in 2009, whereas SCE and CCSE 

systems are estimated to have supplied approximately 32 percent and 10 percent, 

respectively.  The magnitude of electricity delivery in the PG&E territory is not surprising 

given that PG&E had over 15,600 PV systems representing 164.1 MW in 2009; over 62 

percent of all systems and nearly 58 percent of the installed capacity.  The Capacity Factor 

for all three service areas is 0.20.  Hourly Capacity Factor (CF) is defined as the energy 

generated during that hour (kWh) divided by the nominal rated AC capacity during ideal 

conditions (kWp.) 

 

The 2009 average annual capacity factors in Table ES-6 are somewhat higher than those seen 

in the Self Generation Incentive Program (SGIP,) where the statewide average annual 

                                                 
3  118,489 MWh were estimated to be generated by CSI systems in 2008. 

4  Assuming the typical home consumes approximately 5,914 kWh of electricity per year.  From the California 

Statewide Residential Appliance Saturation Study Final Report, June 2004, www.energy.ca.gov/reports/400-

04-009/2004-08-17_400-04-009ALL.PDF.  Value derived from Figure 1 on page 3 of the Executive 

Summary. 
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capacity factor in 2009 for solar PV projects was 0.175.  This difference could be due to a 

number of factors: 

 

 System Degradation; the average age of CSI systems is one year whereas the 

average of SGIP systems is approximately four years.   
 

 CSI systems are more likely to be tilted and more likely to be facing southwest.  

Near Flat and Tilted systems are in approximately a 1:1 ratio in the CSI program 

and a 3:1 ratio in SGIP.  
 

 System technology and installation improvements may be resulting in more 

efficient systems. 

 

Impacts of Peak Demand 

Table ES-7 lists the CAISO annual system load and the peak date and time.5  The peak was 

slightly below 46,000 MW whereas the system peak for both 2007 and 2008 was slightly 

above 46,000 MW.  

 

Table ES-7:  Loads and Dates of CAISO System Peak for 2009 

Year 

Peak Load 

(MW) Date and Time 

2009 45,994 September 3, 2:00 to 3:00 P.M. (PST) 

 

Table ES-8 shows the number of systems that were online during the CAISO peak in 2009 

and the overall CSI program impact on electricity demand coincident with the CAISO system 

peak loads in 2009.6   

 

Table ES-8:  Estimated Demand Impact Coincident with CAISO System Peak* 

Program PV Systems 

PV 

Systems 

PV 

Generation 

Hourly Capacity 

Factor 

Administrator (n) (MW) (MWh) (kWh/kWp) 

PG&E 12939 139.5 87.2 0.62 

SCE 5005 82.8 43.3 0.52 

CCSE 2198 22.6 13.6 0.60 

All 20142 245.0 144.0 0.59 

* The uncertainty on all of these estimates is better than 90/10 confidence 

 

                                                 
5  Unless otherwise stated, all time in this report are listed as Pacific Standard Time. 
6  The number of on-line systems for both years is lower than the on-line number for at the end of the year.  

Approximately 4,800 more systems were installed between September t 3, 2009 and December 31, 2009.  

See table 2-5 for quarterly details. 
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In 2009, there were over 20,100 systems online at the time of the CAISO system peak.7  

These systems had a CEC AC capacity of approximately 245MW (nearly 4x the capacity 

online during the 2008 peak).  Their generating output for that hour was estimated to be 144 

MWh.  Consequently, CSI systems had a peak hour capacity factor of 0.59 implying that 59 

percent of the installed capacity (245 MW) was generating electricity for that hour (144 

MWh).  The peak hour capacity factor of SCE was somewhat lower than other areas for 

2009.  We believe this is correlated with the wild fires in the Los Angeles metropolitan area 

at this time (including the Station Fire).8  The additional haze and soot on SCE CSI PV 

systems would impact their capacity factor. 

 

In comparison, , the total rebated capacity of all on-line SGIP projects (solar PV, wind fuel 

cells, micro turbines, gas turbines and internal combustion engines) during the 2009 CAISO 

system peak was 349 MW.  The total impact of the SGIP projects coincident with the CAISO 

peak load was estimated to be 165 MWh.  The collective peak hour capacity factor of the 

SGIP projects on the CAISO 2009 peak was approximately 0.47 kW per kW of rebated 

capacity.   

 

Figure ES-6 shows the estimated hourly impact of CSI projects during the 2009 CAISO 

system peak.  Based on the available metered data, CSI system generating capacity increased 

steadily from 8 am to 11 am; remained fairly level from 11 am to1 pm and then declined 

steadily through the rest of the afternoon.  This overall generation profile is typical of PV 

systems.  The peak capacity factor at solar noon on the peak day in 2009 is approximately 

0.72.  This is less than 1 due to a number of possible reasons: 

 

 The peak CAISO day load is usually driven by cooling demand on a hot day, when 

PV panels do not perform quite as efficiently as when tested at 20°C (68°F). 
 

 In 2009, the CAISO peak fell relatively late in the year after most of the summer 

when dust and dirt builds up on panels (also referred to as soiling) reducing 

performance. 
 

 The estimated production includes metered data for some systems that are not 

generating due to maintenance or other problems. 

 

                                                 
7  The differences between the 20,142 and 24,983systems represents those systems that were estimated 

operational after September 3, 2009 and before January 1, 2010. 
8  The Station Fire burned 251 square miles in the Los Angeles metro area.  It began August 26, 2009 and was 

100% contained October 16, 2009. 
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Figure ES-6:  Estimated Hourly CSI Impact on CAISO 2009 System Peak 
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Comparison of Estimated to Expected Performance 

The expected annual average output of CSI systems is currently calculated during the 

incentive application process.  These expected average outputs are used to calculate incentive 

payments for EPBB systems and allow PAs to plan payments for PBI systems.  Comparisons 

of estimated annual capacity factor based on estimates of system wide generation to expected 

annual capacity factor provide one way to assess actual performance of installed systems.   

 

The 90 percent confidence level error bounds for actual and expected performance for 2009 

are depicted graphically in Figure ES-7 for all EPBB Systems, all PBI Systems (including 

tracking systems), and all Fixed PBI Systems, which do not including tracking systems.  The 

90 percent confidence level error bounds for the expected performance are based on 

historical solar resource variation.  The methodology for estimating uncertainty for actual 

performance is described in Appendix E.   
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Figure ES-7:  Comparison of Estimated Actual and Expected Annual Capacity 
Factors for 2009 by Incentive Type 
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We can observe that the capacity factors for PBI systems are slightly above the uncertainty 

bounds in relation to the estimated annual capacity factor.  When tracking systems are 

excluded, however, the annual performance of PBI systems is somewhat lower but is still 

better than expected.  For EPBB systems, performance is above the expected average but still 

within the uncertainty bounds for the estimated annual capacity factor9.  These differences 

could be due to a few reasons including: 

 

 The solar insolation in 2009 may have been higher than the TMY2 (Typical 

Metrological Year Data) average used to estimate expected performance; or  
 

 The metered systems used to estimate system wide performance currently are 

slightly out-performing their estimated annual capacity factors. 

 

More information on these figures can be found in Section 5. 

 

Environmental impacts 

The evaluation team examined the impacts of CSI PV projects had on CO2, NOx, and PM10 

emissions for 2009.  The team estimated the avoided quantity of these three pollutants as they 

                                                 
9  EPBB systems are almost entirely fixed so excluding tracking systems from EPBB systems has no 

noticeable effect on annual capacity factors.   
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comprise the majority of the air and GHG pollutants associated with electrical generation.  

The estimated emissions impacts for 2009, is the cumulative CSI impact and therefore 

includes capacity installed from 2007 to 2009. 

 

A variety of approaches exist to estimating GHG emissions and air pollutant reductions from 

the installation of PV systems.  Three approaches are noted here, each of which gauges what 

type of generation would likely have produced electricity in lieu of the installed PV.   

 

The first approach, referred to here as the Avoided Cost approach, is derived from the 

Avoided Cost calculator developed by Energy and Environmental Economics (E3) and uses 

hourly price data.  The second approach, referred to here as the Plant Schedule approach, was 

developed by KEMA, and uses plant schedule data from the California Independent System 

Operator (CAISO).  The third approach, referred to here as the Generator Bid approach, was 

developed by KEMA, and uses real-time generator bid data from the CAISO.  Each method 

has its drawbacks and benefits, detailed in Section 5.  The intent of using multiple 

approaches to estimate the CSI emissions impact is to draw from the benefits of each and to 

assess the extent of the different limitations and their impact on the emission results.   

 

GHG, NOx and PM emissions 

Table ES-9 illustrates the estimated emissions savings by emission type and by approach.  

The CO2 reductions for the Avoided Cost Approach are 180,136 tons of CO2, which is 

equivalent to taking over 31,000 cars off of the road.10   

 

Table ES-9:  Estimated Emissions Reductions by Approach 

Approach 

Energy 

Impact 

(MWh) 

CO2 Emissions 

Avoided  

(tons) 

PM10 Emissions 

Avoided  

(lbs) 

NOx Emissions 

Avoided  

(lbs) 

Avoided Cost 390,750 180,136 24,280 39,649 

Plant Schedule 390,750 208,704 20,817 34,132 

Generator Bid 390,750 163,183 16,277 20,899 

 

Additional analysis and discussion of these three methods and the results can be found in the 

second half of Section 5. 

 

Influence on California’s Transmission & Distribution System 

In addition to providing electricity over the course of the year and during times of peak 

demand, CSI PV facilities impact the transmission and distribution (T&D) systems of 

                                                 
10  Based on 5.23 metric tons (5.77 short tons) of CO2 /vehicle/year from 

http://www.epa.gov/grnpower/pubs/calcmeth.htm#vehicles 

http://www.epa.gov/grnpower/pubs/calcmeth.htm%23vehicles
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California‘s electrical grid.  CSI PV systems reduce loading on the distribution and 

transmission lines by displacing remote sources of electricity that would otherwise have to be 

delivered over the T&D systems to electricity customers.  Reduced line loading at the time of 

peak demand potentially alleviates the need to expand or build new transmission and 

distribution infrastructure, thereby saving utility and ratepayer monies.  Moreover, by 

reducing the amount of electricity that needs to be delivered by the grid, CSI PV facilities 

may potentially lower the risk of transmission overloads during many operating hours, which 

in turn may increase overall system reliability. 

 

Transmission System Impacts11 

The evaluation team has performed an independent analysis that shows the 2009 CSI impacts 

on the California transmission system.  Depending on the dispatch adjustment method used 

in the modeling, the 2009 Transmission Capacity Benefit (TCB) on a statewide level is 

estimated to range between 500-900 MW.  This is comparable to the delivery capability of a 

modern 230kV transmission line.  Between 2008 and 2009 there was a 240 percent increase 

in both the statewide TCB and transmission loss savings (calculated at peak system load).   

 

In the future when CSI penetration reaches twice the 2009 level, the modeling yields a 

projected 1000-1600 MW statewide TCB, which is comparable to the delivery capability of a 

500kV transmission line.  Furthermore, the analysis shows that when the CSI full capacity 

target (1,750 MW) is reached, the statewide TCB could grow to 4,000 MW or more.  

However, it is important to note that these capacity benefits are distributed statewide, rather 

than on any one 230kV or 500kV corridor.  Thus, the incremental benefits on each individual 

transmission corridor within the state of California represent only a small percentage of the 

aggregate TCB.   

 

Technical definitions, additional analysis, and findings on the transmission impacts can be 

found in the first half of Section 6 in the Impact Evaluation Report. 

 

Distribution System Impacts 

Based on the 2009 feeder case studies performed, the greatest level of benefits is generally 

expected to occur on feeders with one of more of the following characteristics: 

 

 Longer distribution feeders 

 Feeders located in inland areas 

 Feeders that have their summer peak demand in the mid-afternoon hours 

                                                 
11  Transmission system impacts were calculated using the best available estimates of CSI generation in 

operation at the time of 2008 and 2009 system peak demand levels.  Therefore, part of the increase in 

benefits observed from 2008 to 2009 could be attributable to improvements in PV metering data and output 

estimates. 
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The 2009 CSI Impact Evaluation shows that positive benefits are generally expected for a 

range of PV penetration levels, but also observes that there can be decreasing (or even 

negative) benefits above certain penetration levels.  Additional distribution analysis, findings, 

and recommendations can be found in the second half of Section 6. 

 

 

ES.4 CSI Impacts and Benefits at the Customer Scale 

As shown in the preceding section, the CSI has important impacts at the statewide and utility 

levels.  Nonetheless, continued progress of the CSI to a broad-based and sustainable market 

is dependent on impacts at the customer level.  Impacts that may strongly influence customer 

adoption of PV include impacts on realized energy savings or peak loads. 

 

To assist the evaluation team in this portion of the evaluation the 2009 Impact Evaluation, 

activities were expanded to include substantial primary data collection.  Seven distinct 

primary data collection efforts were dispatched to support objectives related to the program 

EE requirements and the performance of the PV systems.  The primary data collection 

completed for this study includes phone survey of participants and nonparticipants, 

interviews with contractors installing program equipment, and on-site inspections at 

residential and nonresidential locations.  Table ES-10 summarizes the primary data collection 

efforts, as well as planned and actual completed surveys.  Detailed information on the 

process can be found in Section 4 and the Appendices. 

 

Table ES-10:  Summary of Additional Data Collection Efforts for CSI Evaluation 

Market Sector 

Participation 

Status 

Data Collection 

Technique 

Planned 

Completes 

Actual 

Completes 

Residential 
Participant 

Telephone Survey 600 639 

On-Site Inspection 140 143 

Nonparticipant Telephone Survey 600 601 

Nonresidential 
Participant 

Telephone Survey 
400 420 

On-Site Inspection 114 114 

Nonparticipant Telephone Survey 400 447 

Contractors Participant Telephone Survey 50  50 

 

 

CSI Residential Billing Analysis – Monthly Impacts and Benefits   

The major objectives of the monthly billing and production data review in Section 7 were 

threefold:(1) analyze the impact of PV production on utility bills and total household 

consumption over time; (2) research the possible interaction of PV production, energy 
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efficiency savings and consumption; and (3) provide feedback to the CPUC, program 

administrators and implementers for the purpose of improving the CSI program.   

 

As part of this analysis, the evaluation team using billing data for a sample of CSI 

participants analyzed a number of different components of the energy bill and PV generation 

from CSI participants including but not limited to: 

 

 Number of months participants were net exporters to the grid; 

 Which months had the majority of net exports (April and May for all three IOUs); 

 Shift in billing tiers pre and post solar installation; and 

 Energy use pre and post PV installation. 

 

For energy use, pre, and post PV installation, using the residential billing and PV generation 

data it was possible to calculate the household energy consumption for the 12 months prior to 

PV installation and for the 12 months after the solar system‘s installation.  For the sites with 

12 months of pre- and post-installation billing data and PV generation data, Table ES-11 lists 

the ratio of utility bills divided by the sum of post-utility bills and PV generation or the ratio 

of pre- and post-electricity consumption.  If the household does not change its energy 

consumption following the installation of PV, the ratio of pre- and post-electricity 

consumption will be one.  The ratio of pre- and post-installation consumption is greater than 

one for all three utilities.  Therefore, the average 12 months of post-installation consumption 

are less than the energy consumption during the 12 months prior to PV installation.   

 

Table ES-11:  Ratio of Pre- and Post-Residential Electricity Consumption by 
Utility 

IOU 

Sites with 12 Months of 

Pre- and Post-Billing Data 

Pre-Utility Bills Divided by 

Post-Utility Bills and 

Generation 

PG&E 681 1.13 

SCE 243 1.07 

SDG&E 95 1.07 
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Table ES-12 lists the distribution of pre- and post-electricity consumption by utility.  The 

results indicate that for PG&E and SDG&E over 40 percent of sites have pre- and post-PV 

electricity consumption that are within 10 percent of each other, while only approximately 27 

percent of sites in SCE have pre-electricity consumption within 10 percent of post-

consumption.  For all three IOUs, it is more common for pre-consumption to exceed post-PV 

installation consumption. 

   

Table ES-12:  Pre- and Post-Residential Electricity Consumption Distribution 
by Utility 

Utility 

PG&E 

Site 

PG&E 

% of 

Sites 

SCE 

Site 

SCE 

% of 

Sites 

SDG&

E Site 

SDG&E 

% of 

Sites 

Pre is Less than 50% of Post 6 0.9% 11 4.6% 1 1.1% 

Pre is 50% to 90% of Post 140 20.6% 76 31.4% 14 14.7% 

Pre- and Post are within 10%  292 42.9% 66 27.3% 44 46.3% 

Pre is 110% to 150% of Post 196 28.8% 73 30.1% 33 34.7% 

Pre is more than 150% of Post 47 6.9% 16 6.6% 3 3.2% 

 

Billing Model – What Can Be Concluded about CSI Participants? 

Comparison of the level of pre- and post-PV installation household electricity consumption, 

however, does not provide an explanation of why or how consumption changes.  To 

determine the variables influencing changes in electricity consumption, the team estimated an 

SAE billing model.  The model was designed to use utility electricity consumption, PV 

generation, energy efficiency savings, weather, household characteristics, major electrical 

measures within the household and a nonparticipant sample to try to determine the realization 

rate on PV generation, to determine if PV installation leads to statistically significant changes 

in consumption, and if it does lead to changes in consumption, how it influences electrical 

consumption. 

 

The estimated realization rate for the quantity of energy generated by PV systems, indicates 

that the generation estimates are largely supported by the estimated coefficients, 

approximately 97-100 percent of the ex ante generation is realized in the billing analysis.  

The analysis finds that after the installation of PV systems, household energy use associated 

with central air conditioning (CAC) usage increases while the weather sensitivity of CAC 

usage falls for CSI households in SCE‘s and SDG&E‘s territory.  Additional results on this 

model can be found in later half of Section 7 

 

The use of billing analysis to analyze the influence of PV and possible behavioral post-PV 

influences on energy consumption is groundbreaking and important.  Future analysis will 
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also be impacted by legislation (AB920) allowing for the payment of excess generation from 

the utilities.  Before the legislation, sites with PV had no monetary motivation to decrease 

their electrical usage and become net exporters.  With this change, the use of CAC on hot 

days may decline more if CSI participants find compensation from the utilities for excess 

generation a more powerful motivator than being comfortable.  Examining the motivation 

behind why customers ―went solar‖ in Section 11 of this impact evaluation may provide 

insights in the likely future effects of current solar legislation. 

 

CSI and Customer Load Profiles—Daily Impacts and Benefits 

As with other generation resources, the value of PV generation is highest at the time of the 

system peak and at other hours where the system is strained.  The main purpose of the 

evaluation team‘s analysis of customer profiles is to provide seasonal, climate zone, and 

time-of-day dimensions to the relationship between energy use and PV generation at the 

customer level, with an emphasis on high system demand hours. 

 

Residential 

On average, CSI program participants have much higher daily loads than the average utility 

customer without PV.  The average CSI participating home in the sample was 2,525 square 

feet, about 40 percent larger than the 1,784 square feet of the average single-family detached 

home in California.  However, customers with PV generation consume less energy from the 

grid during on-peak hours than their non-PV counterparts.  The data also show that the 

impact at the time of system peak is not as pronounced as it is during other hours of the day, 

because the system peak occurs in the late afternoon and solar generation peaks in the early 

afternoon and then drops rapidly in the late afternoon hours.   

 

The residential data from SDG&E and PG&E show that, even if customers use all of the 

energy generated by their PV system, they do not use it on an hour-by-hour basis.  Rather, 

there are constant electricity exchanges with the grid (imports and exports) that eventually 

offset each other out on a net energy basis.  On average, PG&E residential customers 

imported 24.9 kWh per day and exported 10 kWh per day, for a net use of 14.9 kWh per day 

from the grid.  SDG&E customers imported 22.7 kWh and exported 8.3 kWh for a net use of 

14.4 kWh per day from the grid.  These offsets, made possible through Net Energy Metering 

(NEM), are an important component of the cost-effectiveness of PV, particularly for 

residential customers.  

 

Residential PV systems in SDG&E‘s service territory supplied 55 percent of the energy used 

at SDG&E host premises in 2009.  An average of 29 percent of the actual output of these 

systems was used at the premises in ―real time.‖  This varies with location: systems in the 

Coastal zone supply an average of 48 percent of the premises use, while systems in the 

Inland zone supply an average of 60 percent.  This also varies with the season—in the 
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summer‘s hottest months, PV systems produce a higher percentage of the premises needs (an 

average of 59 percent), compared to the winter (39 percent).  

 

As mentioned earlier, implementation of AB 920 will enable households with excess annual 

PV production to sell the net surplus to the utility.  The ability to sell the yearly excess will 

provide these households with an incentive to reduce their energy consumption and increase 

their supply of excess PV production to the grid.   

 

Nonresidential 

In general, load patterns of nonresidential customers are more consistent on a day-to-day 

basis than the residential load patterns since they are primarily driven by business hours, 

shifts, and industrial processes.  The nonresidential data provided by SDG&E, PG&E, and 

SCE show that these customers are more likely to use all of the electricity generated on-site.    

 

The observed nonresidential loads generally coincide with the PV generation during the 

daytime hours, and whether the customer exports the excess load in ―real time‖ largely 

depends on PV capacity in relation to the load at the site.   

 

More profile load and generation curve examples for residential and nonresidential CSI 

participants can be found in Section 8. 

 

 

ES.5 CSI Participants—Generation and Energy Efficiency Impacts 

Included in this impact evaluation was an examination of the PV performance monitoring 

and maintenance activity of the CSI participants and their energy efficiency activities before 

deciding to install solar and after installation of the panels.  As we have seen, CSI 

participants do reduce their monthly energy consumption compared to a similar sample 

group.   

 

Monitoring and Maintenance  

Performance monitoring is the act of logging the production of PV systems over periods of 

time.  This can be accomplished through simple inverter display readings of instant or 

cumulative performance or through logging devices that can store or ―stream‖ the data to 

local computers or over the internet to third party service providers.  The data can also be at 

various levels of resolution and recorded with varying levels of customization depending on 

the host customer‘s motivation towards monitoring.  The CSI program requires participants, 

unless exempt, to sign up with eligible providers that can monitor systems with a goal to 

ensuring maintenance.  These minimum requirements were developed to increase owner 

knowledge of system performance and foster adequate system maintenance, thereby ensuring 

that ratepayer-funded incentives result in expected levels of solar generation. 
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The evaluation team found a strong correlation between those CSI participants that had 

performance monitoring and an active discussion from the Solar Contractor installing the 

system on performance monitoring.  With performance monitoring, CSI participants are able 

to identify issues with their solar systems, correct the issue faster, and identify any 

maintenance issues. 

 

The regular maintenance and cleaning of panels can go a long way in ensuring high yield of a 

system.  This is particularly critical for systems that are more prone to collecting dust over 

the dry summer, which is typical in California and coincides with the highest production 

periods.  

 

As shown in Figure ES-8, 55 percent of the residential phone survey participants reported 

regular maintenance and cleaning of panels.  A higher percentage was reported under the PBI 

structure; those participants presumably have a bigger motivation to maximize their 

production for the related financial incentive benefit.  The larger systems also tended to have 

a higher instance of maintenance, again with the motivation of larger investment and thus 

vested interest in high solar production.  The inland and coastal climate difference in the 

level of maintenance was also notable, which may be attributed to the potential higher 

production benefit in the inland versus coastal climates.   

 

Figure ES-8:  Regular Maintenance Performed—Residential Customers 
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A similar trend was seen in the nonresidential phone survey participants (Figure ES-9); out of 

the 76 percent that reported regular maintenance and cleaning of panels, a higher percentage 

of PBI system owners performed regular maintenance.  Larger systems reported more regular 

maintenance, as did the inland versus coastal systems.  

 

Figure ES-9:  Regular Maintenance Performed—Nonresidential Customers 
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Additional analysis on monitoring and maintenance can be found in Section 9 

 



2009 CSI Impact Evaluation 

Executive Summary ES-25 

Energy Efficiency and PV 

As part of this Impact Evaluation, the research team compared participation records from 

PowerClerk with the IOU rebate program tracking systems to ascertain the rate of rebated 

measure installation.  Wherever the data indicated that a CSI participant had installed a 

rebated measure, the installation was verified during the phone survey. 

 

Energy Efficiency Comparison between CSI Participants and Nonparticipants 

Residential  

From 2006-2009, CSI participants self-reported an average of 5 energy efficiency measures, 

compared with nonparticipants who reported an average of approximately 3.7 energy 

efficiency measures  However, Figure ES-10 shows while CSI participants have adopted 

more energy efficiency measures overall from 2006 through 2009, they install similar 

numbers of IOU rebated measures as nonparticipants.  Therefore, most of the difference in 

energy efficiency adoptions is due to the number of self-reported measures.  

 

Figure ES-10: Measure Adoptions per Customer, Participants vs. 
Nonparticipants and Rebated vs. Self-Reported (2006-2009) 
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Figure ES-11 below further explores the type and frequency of energy efficiency measures 

installed by participants and nonparticipants over the 4 year analysis timeframe, 2006-2009.  

This graph shows all measures verified and reported in the phone survey.  Approximately 1.1 

appliance measures were reported installed by CSI participants, compared with 0.9 appliance 

measures by nonparticipants.  Appliances include dishwashers, clothes washers, refrigerators, 

freezers, and unplugging or removing second refrigerators or freezers.  Furthermore, the 

lighting end use category shows the biggest difference between participant and 

nonparticipant adoption rates, 1.1 versus 0.7, respectively. 

 

Figure ES-11: Number of Measures Installed Per Participant by End Use, 2006-
2009 
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Nonresidential  

Both residential and nonresidential CSI participants are found to install more energy 

efficiency measures than nonparticipants.  For the nonresidential market, however, 

participants are also installing a greater proportion through the IOU rebate programs.  

 

Figure ES-12: Measure Adoptions per Nonresidential Customer, Participants 
Vs Nonparticipants 
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Figure ES-13 below presents a comparison of the nonresidential nonparticipant and 

participant measure adoption rates for each end use.  Participants have higher adoption rates 

versus nonparticipants for each end use, though the greatest difference is for lighting, where 

the participant adoption rate is three times as high as nonparticipants.     

 

Figure ES-13: Measure Adoptions per Nonresidential Customer, Participants 
versus Nonparticipants 
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For the Residential and Nonresidential markets more in-depth analysis of the types of energy 

efficiency measures adopted and their differential adoption between participants and 

nonparticipants in the CSI program can be found in Section 10 

 

Influence of the CSI audit 

The figures and tables above show that participants adopt more energy efficiency measures 

than nonparticipants.  One reason for higher energy efficiency measure adoption rates may be 

due to CSI program requirements for an energy audit to be completed.  The influence of the 

audit and other motivating factors behind the adoption of energy efficiency measures are 

explored and summarized below. 

 

Residential  

Figure ES-14 shows the reasons reported by participating customers for adopting energy 

efficiency measures.  Measures were most likely to be adopted to reduce customer energy 

consumption and utility bills.  The second most cited reason for adopting energy efficiency 

measures is related to home improvement reasons, followed distantly by a concern for the 

environment.  Non-energy reasons that were mentioned included home comfort or 

replacement-in-kind of existing equipment.  A minority of customers offered the audit as the 
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primary reasons behind installation.  This does not preclude the audit from having been 

influential through its provision of information relating to energy savings, which would be 

more likely cited as the reason for the installation.  

 

Figure ES-14: Reasons for Installing Energy Efficiency Measures (n = 966) 
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Reducing energy consumption and bills was most frequently cited for all types of measures, 

except for appliances.  Participants who installed appliance measures were most likely to cite 

home improvement reasons for their decision. 
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Figure ES-15 compares the influence of a remote audit (e.g. mail-in or online audit) with an 

on-site audit on self-reported and rebated measures.  The graph shows the average response 

to the following question: ―On a scale of 0-10 (where 0 is not at all influential and 10 is 

extremely influential), how influential was the audit on your decision to make this action?‖   

 

Overall, on-site audits appear to have a higher influence on residential decisions to install 

energy efficiency measures.  For participant self-reported measures (not rebated through an 

IOU program), the on-site audit is substantially more influential compared with a remote 

audit.  Moreover, the audit has a higher average influence on rebated measure adoptions than 

non-rebated measure adoptions, especially for remote audit recipients.  Among 

nonparticipants, the pattern more or less repeats; an on-site audit is more influential than a 

remote audit for self-reported measures, and audits are more influential for rebated measures 

than non-rebated. 

   

Figure ES-15:  Average Audit Influence on Recommended Measure Adoptions 
(0 to 10 Scale) by Audit Delivery and Measure Rebate Status 
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Nonresidential  

Figure ES-16 below shows the average influence score reported by nonresidential 

participants adopting audit recommended measures.  The average influence is shown 

segmented by audit delivery and measure rebate status.  Figure ES-16 shows a much higher 

mean influence for measures recommended during an on-site audit relative to a remote audit.  

In addition, measure recommendations that come with an IOU rebate are more influential 

than measures that do not.  The most influential audit recommendations are made by an on-

site auditor, where a successful reference to an IOU program rebate is made for the customer.   

 

Figure ES-16:  Average Audit Influence on Recommended Measure Adoptions 
(0 to 10 Scale) by Audit Delivery and Measure Rebate Status 
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The evidence above shows that lighting is the most commonly installed measure and the 

influence of the audit is highest among those that adopt lighting.  However, because lighting 

is more frequently adopted than other types of measures, it is important to control for the 

differences in natural measure uptake rates when trying to hone in on the effects of the 

energy efficiency audit.   
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Figure ES-17 below presents the percent of customers adopting an audit-influenced 

measure12 as a percent of customers adopting a measure.  Figure ES-17 clearly shows 

lighting as the front runner in the relative portion of audit influenced adoptions, with almost 

one-fifth of customers that adopt lighting measures being affected by the energy efficiency 

audit in their lighting choices. 

 

Figure ES-17:  Customers Adopting an Audit-Influenced Measure as a Percent 
of Customers Adopting a Measure, by End-Use 
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In Section 10, more analysis is presented on the impact of the audit and the timing of energy 

efficiency measures as well as recommendations to improve the integration of energy 

efficiency and solar PV through the CSI program. 

 

Contractor Behavior 

Interviews were conducted with 50 solar installation contractors that are active in the CSI 

program participant markets.  During this interview, contractors were asked to characterize 

the ways in which energy efficiency options are an integral part of the PV system installation 

and sizing process.  More than 90 percent of the contractors surveyed state that they regularly 

discuss energy efficiency options with their PV customers.  Residential customers generally 

confirm this, with just under 70 percent of survey respondents stating that their contractor 

had discussed the audit recommendations with them.  Eighty percent of nonresidential 

participants stated that costs and benefits of energy efficiency had been made clear to them 

during the CSI application process.  However, only about 25 to 30 percent of customers in 

                                                 
12  Customers were asked to rank the influence of the audit on a scale of 0 to 10, where 0 is not at all influential 

and 10 is extremely influential.  A ranking of 7 through 10 is considered ‗audit influenced‘. 
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either market report their solar contractor discussed energy efficiency with them in the 

context of system sizing.   

 

Recommendations 

In Section 10, more analysis and data are provided on the solar contractors interaction with 

the CSI participants and the evaluation teams provides recommendations on how to improve 

the integration of energy efficiency with solar PV including: 

 

 Appling the new Progressive Energy Audit Tool (PEAT) energy audit 

requirements 

 Consider tiered incentives based on documented EE measures and reducing 

allowable size to 80 percent of annual load 

 More heavily leverage and incentivize contractors as a channel for EE installations 

 Expand training programs to increase the number of contractors that offer fully 

bundled services 

 Focus on EE measures that are a success now 

 Understand and leverage the role of home renovation 

 

 

ES.6 CSI Awareness, Participant Motivation, and Satisfaction 

One of the goals of the CSI program is to foster growth and transform the solar market in 

California to be sustainable in the absence of ratepayer subsidy.  The CSI program is 

designed as a means to this end.  In support of this goal, in the final Section of this Impact 

Evaluation, the team focused on the analysis of data collected from the participant, 

nonparticipant, and contractor phone surveys that are related to the measurement of progress 

towards awareness and program satisfaction.  This final section (Section 11) also includes an 

investigation of the primary drivers to ―go solar‖ and a discussion of solar contractors‘ recent 

market experience and industry growth projections 
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Residential CSI Program Awareness 

The phone surveys asked residential participants and nonparticipants how they first became 

aware of the program, shown in Figure ES-18.  For participants, contractors are the most 

common source of information followed by traditional marketing channels such as television, 

radio, and print advertisements.  Only 1 percent of the participants heard about the program 

through their utility.  More than one-third of the residential nonparticipants have not heard of 

the CSI program.  Traditional marketing channels are the most common source of program 

information for nonparticipants, with almost 40 percent of the survey respondents stating that 

they learned about the program through these channels.  As seen with program participants, 

only 1 percent of nonparticipants gained awareness of the program through their utility. 

 

Figure ES-18:  Source of Program Awareness—Residential  
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Nonresidential CSI Program Awareness 

As shown in Figure ES-19 below, 42 percent of the nonresidential participants became aware 

of the CSI Program primarily through their contractor, while nonparticipants became aware 

through news media, such as television, printed media, or the internet.  Utilities play a 

relatively small role in program awareness for both participants and nonparticipants.  These 

findings are similar to the residential sector discussed above.  Thirty-eight percent of 

nonparticipants have not heard of the CSI program.   

 

Figure ES-19:  Sources of Program Awareness—Nonresidential  

42%

16%

12%
10%

7%
5%

2%

8%

57%

21%

5% 4% 4%
1%

38%

0%

10%

20%

30%

40%

50%

60%

70%

Participant (N=420) Nonparticpant (N=273)

 
 

Other sources and analysis of program awareness are explored in Section 11. 

 

Nonparticipants reasons for not ―Going Solar‖ 

The phone survey asked residential and nonresidential nonparticipants who had not 

considered a PV system why they had not.  The primary reason provided for not considering 

a PV system was the initial cost for both residential and nonresidential samples.  The increase 

in third party-ownership models, such as PPAs and leases, and other financing opportunities, 

such as local Property Assessed Clean Energy (PACE) programs, are expanding to address 

this barrier.   
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The other factor commonly cited by residential nonparticipants is that they did not think they 

needed the PV system or did not think it would work.  This finding (31 percent) illustrates 

that the CSI program has an opportunity to transition from the knowledgeable PV enthusiast 

and early PV adopters to the late PV adopters (mainstream consumers).  Increased education 

and awareness through traditional marketing channels may address this barrier.  Doubt about 

PV systems is especially high for nonparticipants in the highest income bracket.  Indeed, 

doubt rather than financial reasons appears to be the reason why these nonparticipants did not 

consider a PV system.  

 

Residential and Nonresidential Program Satisfaction 

The Impact Evaluation‘s phone survey provided an opportunity to ask participants about their 

level of satisfaction with the program, with their solar contractors and with the size and 

performance of their solar PV system.  Overall for both residential and nonresidential 

participants there is a high degree of satisfaction across.    

 

Table ES-13:  Residential and Nonresidential Satisfaction with CSI 

Market 

Segment Program Contractor System Size 

System 

Performance 

Residential  8.0 9.1 8.8 9.1 

Nonresidential 7.8 8.6 8.5 9.0 

 

In Section 11 there is a detailed analysis across a number of different attributes that are 

driving program satisfaction including quotes from a number of customers. 

 

Contractor PV Growth Expectations 

As mentioned above and detailed in Section 4, surveys were conducted with 50 installation 

contractors active in the CSI program.  While there are more than 1,400 such active 

contractors, CSI program jobs, and installed capacity are concentrated in the top 74 firms.  

These top firms account for 80 percent of the program installed capacity, and are referred to 

as ―high volume contractors‖ in the tables that follow; contractors less dominant in the field 

are referred to as ―general contractors.‖   

 

PV installation contractors were asked to comment on their business outlook over the next 

three years.  The results are quite striking, with nearly 80 percent of the contractors reporting 

a positive business outlook, and only 4 percent expressing a negative outlook.  General 

contractors are not quite as positive as high volume contractors, with 60 percent reporting a 

positive outlook.   
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The reasons offered for having a positive outlook are led by a growing market for solar (20 

percent) and the continued availability of incentives and financing options.  Sixteen percent 

mentioned incentives, and another 10 percent mentioned the advent of new programs, 

including some that offer financing options for customers.  Others cite their own business 

practices, general concern for the environment, and an improving economy.   

 

Table ES-14 below shows the percent change in full-time-equivalent (FTE) staff experienced 

over the past 12 months and expected over the next 12 months.  Overall, the CSI program 

grew by 55 percent year over year from 2008 to 2009, and this growth is observed with the 

majority of contractors growing their FTEs in the past 12 months by an average of 28 

percent.  However, some firms experiencing cutbacks over the past 12 months reduced their 

FTEs substantially, possibly reflecting their own difficult economic conditions.  Expectations 

for future growth are more optimistic.  Among the surveyed contractors that expect growth, 

the average expected increase in FTE is nearly 60 percent. 

 

Table ES-14:  Percent Changes in Firm FTE, Past 12 Months and Expected 
Changes over the Next 12 Months—Solar Contractors 

Description 

Change 

Description 

Total 

High Volume 

Contractors 

General 

Contractors 

Change in 

FTE N 

Change 

in FTE N 

Change 

in FTE N 

Prospective/ 

Next 12 Months 
Grow 59% 37 33% 28 140% 9 

Shrink 100% 1   0 100% 1 

Retrospective/ 

Past 12 Months 
Grew 28% 23 29% 20 23% 3 

Shrank 46% 14 39% 10 65% 4 

 

This analysis and other findings can be found in Section 11 of the Impact Evaluation Report. 
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Introduction 

 

1.1  Program Background 

The California Solar Initiative (CSI) is a 10-year comprehensive statewide solar program.  

The CSI program demonstrates the State’s strong support for solar technology and is an 

outgrowth from Governor Schwarzenegger’s vision for a “Million Solar Roofs” program for 

the State of California.  As authorized by the California Public Utilities Commission (CPUC 

or Commission) 1,
 and Senate Bill 1 (SB 1) 2, the CSI program has a total budget of $2.167 

billion to be used between January 1, 2007 and December 31, 2016.3  

 

The CSI program builds on nearly 10 years of state solar rebates offered to customers in the 

investor-owned utility (IOU) service territories, i.e., Pacific Gas & Electric (PG&E), 

Southern California Edison (SCE), and San Diego Gas & Electric (SDG&E).  The CSI 

program replaced the solar component of two earlier statewide incentive programs:  the Self-

Generation Incentive Program (SGIP) and the Emerging Renewables Program (ERP). 

 

The specific objectives of the CSI program are to install 1,750 MW of photovoltaic (PV) 

capacity from the general market program and 190 MW of PV capacity from the low-income 

programs in the IOU service territories and to transform the solar market by bringing the 

delivered price down so it is self-sustaining without a ratepayer subsidy.   

 

In addition to these objectives, the CSI program also supports California’s loading order and 

energy efficiency goals by requiring that specific energy efficiency requirements be met 

before receiving a CSI incentive.  SB1 explicitly states that the CSI program should 

“….require reasonable and cost effective energy efficiency improvements in existing 

buildings as a condition of providing incentives for eligible solar energy systems.”4  The CSI 

                                                 
1  CPUC Decision 06-08-028, August 24, 2006. 

2  California Senate Bill 1 (SB 1, Murray), signed into law August 21, 2006. 

3  The CPUC has allocated 10 percent of the overall CSI Program budget, or $216 million, to incentives for 

affordable housing/low-income residents.  This amount is divided equally between two programs, one for 

single family residences and one for multifamily residences.  The CPUC adopted the framework for the 

Single Family Low Income Program in Commission Decision (D.) 07-11-045, and for the Multifamily 

Affordable Solar Housing Program (MASH) in D.08-10-036. 
4  California Public Utility Code Section 2851-2852. 
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program reduces peak demand and adds clean distributed energy resources to the mix of 

generation supply; reducing risk by diversifying California’s energy portfolio; reducing 

harmful greenhouse gas (GHG) emissions by avoiding the use of carbon based energy 

sources; and reducing loads on California’s transmission and distribution system.   

 

The CSI program provides financial incentives to customers of IOUs to install PV and solar 

thermal electric systems under one MW on commercial buildings and existing homes.  There 

are two types of financial incentives available to projects participating in the CSI.  The 

Expected Performance-Based Buy-down (EPBB) incentive is available for smaller systems 

and is a one-time lump-sum up-front payment based on the expected performance of the 

system. 5  The Performance-Based Incentive (PBI) is an incentive paid for actual kilowatt-

hour (kWh) production over a period of five years.  The PBI payment is mandatory for all 

systems that are not eligible for EPBB under the CSI program.  The minimum threshold for 

EPBB has been going down over time since the program started.  The original minimum was 

less than 100 kW in program year 2007.  In program years 2008 and 2009, all systems less 

than 50 kW were eligible for EPBB.  Beginning in 2010, the minimum threshold for EPBB 

was reduced again to systems less than 30 kW.  Smaller systems that are eligible for EPBB 

may opt-in to PBI.   

 

The California Energy Commission’s New Solar Homes Partnership (NSHP) program is 

complementary to the CSI program and offers financial incentives for new residential homes 

in IOU service territories.  In addition, SB1 authorized publicly owned utilities (POUs) to 

fund and administer their own CSI programs under the guidelines of SB1 requirements. 

 

 

1.2  Impact Evaluation Requirements 

SB 1 requires the CPUC to report to the legislature on an annual basis regarding the progress 

of the CSI.  Among the information to be included in the CPUC report is the number of 

residential and commercial installations, the dollar value of the awards, the electrical 

generating capacity of the installed systems, and the impact of the installations on the 

electricity grid (both on and off-peak) and the GHG emissions impacts associated with CSI 

projects. 

 

 

1.3  Scope of the Report 

The primary purpose of this impact evaluation is to assess the impact of the CSI program 

during the 2009 timeframe.  This includes not only PV systems (systems) installed during 

                                                 
5  EPBB incentives are paid per Watt based on PV system’s expected future performance (factors include 

CEC-AC system rating, location, orientation and shading). 
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calendar year 2009, but also those systems that were installed in 2007 and 2008 that were 

operational by the end of 2009.   

 

Impact Evaluation Objectives 

In the previous 2007-08 CSI Impact Evaluation Report, the focus was predominately on the 

generation of PV system on peak load, transmission, GHG reduction and other generation 

related variables. 6  This analysis is included in the 2009 Impact Evaluation Report.  Also 

included in this report is an examination of PV systems installed on the grid and their 

interaction with energy efficiency at the host location and total energy use at the site.  The 

research examines the energy efficiency behavior of the CSI residential and nonresidential 

participants prior to installing solar, including the adoption of energy efficiency measures.  

For residential systems, total energy use before and after installation of the PV system is 

examined to quantify energy use impacts.  

 

This 2009 Impact Evaluation Report also examines the impact of the awareness of the 

program between participants and nonparticipants, the impact of monitoring services on PV 

generation and the daily load profile of the CSI participant and its impact.  

 

In summary the scope of this 2009 Impact Evaluation Report includes: 

 

 Impacts on electricity energy production and demand reduction  

 Performance relative to installed capacity  

 Expected vs actual solar production  

 GHG, NOx, and PM-10 emissions reductions associated with the solar 

installations 

 Transmission and distribution system impacts 

 Energy use and daily energy profiles of CSI participants 

 Monitoring and maintenance impacts on PV performance 

 Energy efficiency adoption and impacts 

 Awareness and satisfaction of the CSI program and future opportunities.  

 

 

1.4  Data Sources  

Critical for any analysis are the data used to derive objective conclusions.  For the 2007-08 

report the majority of the data used in the analysis came from the CSI program’s primary 

application database, PowerClerk, transmission and distribution and CSI participant billing 

data provided by the IOUs, and third party generation data used to derive the estimated 

                                                 
6  http://www.cpuc.ca.gov/NR/rdonlyres/363B9946-1E9E-4A66-9F77-

79CFDF3032F4/0/CSIFinal0708ImpactEvaluation.pdf 



2009 CSI Impact Evaluation 

1-4 Introduction 

generation of PV systems.  These data sources are used in the 2009 report.  Additionally, the 

2009 impact evaluation report utilized other data sources obtained externally and from the 

IOUs.  Table 1-1 summarizes these and the other data sources and where they are used in the 

2009 Impact Evaluation Report. 

 

Table 1-1:  Summary of Data Sources 

Data Source 

Generation 

Impact 

Energy 

Usage 

Impact 

T&D 

Impact 

PowerClerk    

Applications review of 180 CSI Customers    

Phone survey of 1000 CSI Participants    

Phone survey of 1000 CSI nonparticipants    

Phone survey of 50 Solar Contractors    

Bill data from IOUs    

Load profile information from the IOUs     

Energy efficiency program tracking 

databases from the 2006-08 program cycle7   

Evaluation Reporting Tool (ERT) for the 

2006-2008 evaluations   

Transmission data from the IOUs    

Distribution data from the IOUs    

CAISO generation and load data   

KEMA KERMIT model to estimate emissions 

reductions associated with  

CO2, NOx, PM-10    

E3 avoided cost model to estimate CO2, NOx, 

PM-10   

 

                                                 
7  The energy efficiency program tracking databases include measures rebated through downstream programs 

from the 2006-2008 IOU energy efficiency program cycle and through the third quarter of the 2009 program 

cycle.  The energy efficiency program tracking databases do not include site-specific information for 

measures rebated through upstream programs such as the residential CFL lighting program. 
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1.5  Report Organization  

This report is organized into the Executive Summary, 11 sections, and eight appendices, as 

described below.   

 

 Executive Summary provides an overview and summarizes the key findings of 

this report.  
  
 Section 1 – Introduction. 

  
 Section 2 – Summary of the CSI program status through the end of 2009. 

  
 Section 3 – Describes the generation data sources and summarizes metered data 

collected for the evaluation. 
  
 Section 4 – Describes the phone survey data collected for on CSI participants and 

nonparticipants, and data collected from our on-site inspections. 
  
 Section 5 – Discusses the 2009 impacts associated with CSI projects at the 

program level including impacts associated with energy delivery; peak demand 

reduction; effective load carrying capacity; and GHG emissions reductions. 
  
 Section 6 – Discusses the 2009 impacts associated with CSI projects on the 

transmission and distribution systems. 
  
 Section 7 – Discusses the residential CSI participants’ monthly impact on total 

energy usage through a billing analysis.  
  
 Section 8 – Discusses Residential and nonresidential CSI participants daily 

impacts through an analysis of individual load profiles. 
  
 Section 9 – Reviews CSI participant activity impacting PV performance including 

use of monitoring equipment and the review of the behavior of top and bottom PV 

performers. 
  
 Section 10 – Discusses the CSI impact on the participation in energy efficiency 

and the impact of different energy efficiency requirements in the CSI program. 
  
 Section 11 – Reviews the progress of the CSI program maturing through an 

analysis of the awareness and satisfaction of the CSI program. 
  
 Appendix A – Provides detail on the CSI application energy efficiency audit 

review performed. 
  
 Appendix B – Provides all of the phone survey instruments used. 

  
 Appendix C – Provides detail and a sample of the on-site inspection form used. 

  
 Appendix D – Provides a review of the sample design and methodology used in 

the development of the phone survey and on-site inspections. 
  
 Appendix E – Provides the methodology for estimating uncertainty for actual 

performance used in Section 5. 
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 Appendix F – Provides information for distribution engineers to assisting in 

providing estimated PV impact factors vs. key distribution feeder characteristics. 
  
 Appendix G – Provides detail information for the T&D section including feeder 

modeling, the sample size, and the selection. 
  
 Appendix H – Provides the methodology for PV performance ranking.  
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Program Status 

 

2.1  Introduction 

This section provides information on the status of the California Solar Initiative (CSI) as of 

December 31, 2009 and is the basis for the analysis of the 2009 Impact Evaluation.  The 

status is based on project data provided by the Program Administrators (PAs) relative to all 

applications extending from Program Year 2007 (PY07) through the end of Program Year 

2009 (PY09).  Information in this section includes an overview of CSI projects included in 

the Impact Evaluation, the status of projects in the CSI, the associated amount of rebated 

capacity deployed under the CSI to date, costs and cost trends, and the geographical 

distribution of the projects. 
  
 

2.2  Overview 

As shown in Table 2-1, the CSI had very strong growth in 2009, installing 13,100 PV 

systems that accounted for 146.7 MW.  This represented a 55 percent year-over-year growth 

rate of installed systems from the previous year.  The systems installed in 2009 represented 

52.4 percent of the total systems and 51.6 percent of the total MW for the CSI over its three-

year lifetime.  Over the course of the program through the end of 2009, 24,983 systems have 

been installed, accounting for 284.5 MW of rebated capacity. 
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Table 2-1:  Installed CSI Systems per Quarter1 

  2007 2008 2009 Total 

Quarter n MW n MW n MW n MW 

Q1 13 0.3 2,102 27.1 3,335 59.7 5,450 87.1 

Q2 321 1.7 1,993 23.5 2,820 28.3 5,134 53.5 

Q3 1,232 7.6 2,428 27.6 3,053 25.0 6,713 60.2 

Q4 1,875 15.7 1,919 34.3 3,892 33.7 7,686 83.7 

Total 3,441 25.3 8,442 112.6 13,100 146.7 24,983 284.5 

Percent 13.8% 8.9% 33.8% 39.6% 52.4% 51.6% 100% 100% 

 

The rapid growth by quarter of the installed PV systems in California over the last three years 

is shown in Figure 2-1, with a clear increase in the number of systems installed throughout 

2009. 

 

Figure 2-1:  Installed CSI Systems by Year and Quarter 
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1  The reported total online system counts and capacity are slightly higher than those reported by California 

Solar Statistics (http://www.californiasolarstatistics.ca.gov).  This is primarily due to use of a later dataset 

(PowerClerk as of March 31, 2010,) and inclusion of Online Incentive Claim Form Submitted status as an 

Active OnLine system.  This is also consistent on how the evaluation team treated the data for the 2007-08 

report. 

http://www.californiasolarstatistics.ca.gov/
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Geographically, this growth in PV installed capacity is distributed relatively equally 

throughout California, as Figure 2-2 illustrates.  In 2007, systems were installed in population 

centers but with 2008 and 2009 there was an expansion of systems being installed in the 

north coast, northern and central valleys, and east of Los Angeles County.  In short, the CSI 

is California-wide. 

 

Figure 2-2:  Evolution of CSI Incentive Program in California  

 
 

 

2.3  Data Definitions and Classifications 

There are several important definitions of CSI projects used for the 2009 CSI Impact 

Evaluation: 

 

 CSI “complete” projects:  CSI projects are deemed complete when their payment 

has started to be processed or is actually issued in the case of EPBB-incented 

projects, or when they enter the payment phase in the case of PBI-incented 

projects. 
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 CSI “active on-line” projects: CSI projects are “active on-line” projects if they 

have submitted an incentive claim form, but have not yet received an incentive 

payment (i.e., projects that have submitted an incentive claim form are assumed to 

be operational). 

 

Table 2-2 provides a summary of the number and rebated capacity2 of CSI projects examined 

under the 2009 Impact Evaluation and grouped by Program Administrator (PA).3  These 

24,983 projects correspond to approximately 284.5 MW installed rebated capacity and 

represent the scope of this evaluation.  

 

Table 2-2:  CSI Projects (Completed and Active) as of 12/31/2009  

PA 

Complete Active Online Total Statistics 

N MW n MW n MW % n % 

MW 

Mean 

(kW) 

Median 

(kW) 

PG&E 15,481  162.1 132  2.0 15,613  164.1 62% 58% 10.5 4.0 

SCE 6,100  90.0 131  3.0 6,231  93.0 25% 33% 22.9 4.5 

CCSE 3,105  27.3 34  0.1 3,139  27.4 13% 10% 8.8 3.9 

Totals* 24,686 279.4 297.0 5.1 24,983 284.5 100% 100% 11.4 4.0 

* Total % may not add to 100 due to rounding  

 

 

2.4  CSI Statistics by Incentive 

PV systems can also be classified by type of incentive payment within the CSI.  There are 

two incentive payments available:  1) Expected Performance-Based Buydown (EPBB); and 

2) Performance-Based Incentive (PBI).  Owners of smaller PV systems (usually residential 

and small commercial applications) typically select the EPBB incentive payment.  Owners of 

larger PV systems receive PBI payments over the course of five years based on the actual 

performance of their system.4   

 

                                                 
2  The rebated capacity is the CEC PTC rating (AC) associated with the rebate (incentive) provided to the 

applicant. 
3  Pacific Gas and Electric (PG&E) and Southern California Edison (SCE) are the PAs for their electrical 

service areas.  The California Center for Sustainable Energy (CCSE) is the PA in San Diego Gas and 

Electric‟s (SDG&E‟s) electrical service area.  
4  Based on CSI program rules, from January 1, 2007 through December 31, 2007 all systems 100 kW and 

greater were required to receive PBI payments; from January 1, 2008 through December 31, 2009, systems 

50 kW and greater were required to receive PBI payments.  From January 1, 2010 and onwards, systems 30 

kW and greater are required to receive PBI payments.  This provided the industry time to adjust to the PBI 

payment mechanism. 
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Table 2-3 provides a summary of the number and rebated capacity of CSI projects among the 

two incentive types (PBI and EPBB) as of the end of 2009.5  While PV systems receiving 

EPBB incentives make up the largest number of systems under the CSI, systems receiving 

PBI payments make up more than half the installed capacity of the CSI due to their larger 

capacities.   

 

Table 2-3:  CSI Projects and Rebated Capacity by Incentive Type as of 12/31/09 

Incentive 

Type 

Complete Active Online Total Statistics 

n MW n MW n MW %n %MW 

EPBB 23,923  137.9 284  1.5 24,207  139.4 97% 49% 

FiveYearPBI 763  141.5 13  3.6 776  145.1 3% 51% 

Totals 24,686  279.4 297  5.1 24,983  284.5 100% 100% 

 

 

2.5  CSI Statistics by Tilt and Azimuth 

The amount and efficiency with which PV systems capture sunlight are influenced by their 

configuration.  PV systems are installed as either “fixed” or “tracking” systems.  Fixed 

systems are literally fixed in their orientation (i.e., direction in which the panels face the 

movement of the sun across the sky) and tilt.  Tracking systems use mechanical subsystems 

to follow the path of the sun across the sky and can be single or dual axis systems.  Tracking 

systems can “harvest” more sunlight than fixed PV systems but have higher capital costs and 

require more maintenance due to their moving parts.  Smaller PV systems (e.g., less than 20 

kW) are typically installed as fixed systems.   

 

Within fixed PV systems, the orientation and tilt is determined by a number of factors, 

including roof angle and type of roof material, orientation of the building and surrounding 

structures, as well as by goals of the PV system relative to electricity needs and pricing.  

Historically, most PV systems have been oriented due south to maximize annual electricity 

production based on California‟s location in the northern hemisphere.  However, California 

utilities typically have peak demand and the corresponding higher time of use (TOU) rates 

occurring later in the afternoon.  In addition, the EPBB calculator encourages this orientation 

in the incentive calculation for maximum summer generation.  As a result, more systems are 

installed with a southwestern orientation in order to set a balance between maximum annual 

electricity generation and generation towards later in the afternoon.  

                                                 
5  The EPBB incentive methodology pays an up-front incentive to participants installing systems less than 30 

kW.  The EPBB incentive will be calculated by multiplying the incentive rate by the system rating by the 

CSI design factor.  The PBI is paid in monthly payments based on recorded kilowatt-hours (kWh) of solar 

power produced over five years.  The monthly PBI incentive payment is calculated by multiplying the 

incentive rate by the measure kWh output.   
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Table 2-4 is a summary of the number and capacity of PV projects installed under the CSI as 

of the end of 2009 by tilt and type of mount (i.e., whether the system is a tracking system or 

fixed).  The vast majority of the systems installed under the CSI at the end of 2009 were 

fixed systems; with a close split between tilted and near-flat6 mounting types.   

 

Table 2-4:  CSI Projects and Rebated Capacity by PV Mount Type as of 
12/31/09 

PV Mount 

Type 

Complete Active Online Total Statistics 

n MW n MW n MW %n %MW 

Fixed Near Flat 11,549  135.4  137  1.1 11,686  136.5  46.8% 48.0% 

Fixed Tilted 13,045  122.6  157  3.0 13,202  125.6  52.8% 44.1% 

Tracking 92  21.4  3  1.0 95  22.4  0.4% 7.9% 

Totals* 24,686  279.4  297  5.1 24,983  284.5  100% 100% 

* Total % may not add to 100 due to rounding 

 

Table 2-6 shows distribution of CSI projects based on the azimuth of the system.  Seventy-

seven percent of the systems have an azimuth of south or southwest.  Surprisingly, there are a 

few sites to the north.  These sites may include homes that have multiple pitched roofs or flat 

systems with a north orientation, or potentially PowerClerk data entry errors committed by 

the applicants or PAs.  

 

Table 2-5:  Population of Azimuths for CSI programs through 12/31/2009 

Azimuth Total Statistics 

n MW %n %MW 

North 337  9.5  1.4% 3.4% 

Northeast 79  0.8  0.3% 0.3% 

East 403  3.2  1.6% 1.1% 

Southeast 1,969  16.8  8.0% 6.0% 

South 13,745  195.4  55.9% 69.3% 

Southwest 5,167  40.0  21.0% 14.2% 

West 2,614  14.3  10.6% 5.1% 

Northwest 254  1.8  1.0% 0.6% 

Totals 24,568  281.8 100% 100% 

* The total system numbers and MW do not equal the total due to missing azimuths in the PowerClerk 

database. 

 

                                                 
6  Near-flat mounting systems refer to PV systems with a tilt of less than 20 degrees 



2009 CSI Impact Evaluation 

Program Status 2-7 

An important note concerning the data above is that is unclear whether the data entry took 

into account declination between true north and magnetic north, because the EPBB calculator 

used to estimate the EPBB and PBI payments is a separate software tool than the PowerClerk 

database.  While the azimuths are recorded in PowerClerk, the declination would be more 

important to be correct in the EPBB calculator.  

 

Declination represents the difference between true north, and magnetic north.  True north and 

magnetic north are approximately 1,300 miles apart.  In California this translates to a 

difference of about 14° east of true north in southern California to 18° in northern 

California.7  As shown in Table 2-6 and Figure 2-3, the majority of systems, regardless of PA 

or system size, are generally in a southwest direction.   

 

Table 2-6:  Azimuths by PA and their Mean and Median 

PA 

Azimuth 

n 
Mean 

Orientation 
Mean (º) Median (º) 

Median 

Deviation (º) 

PG&E 15,389 Southwest 193 181 ±19 

SCE 6,141 Southwest 194 180 ±13 

CCSE 3,038 Southwest 191 180 ±15 

Totals 24,568 Southwest 193 180 ±16 

 

For the data below in Figure 2-3, each inner circle represents a percent of installed systems 

(e.g. 5 percent of the total).  This graph provides a visual representation of Table 2-6.  In 

comparison, for the Self Generation Incentive Program (SGIP,) systems tend to have an 

orientation slightly southeast, potentially because SGIP provides rebates on capacity (AC) 

and not expected or actual performance. 

 

                                                 
7  As a general approach a declination of 15 degrees is used in California. 
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Figure 2-3:  Azimuths for CSI Systems  
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2.6  CSI Statistics Customer Grouping 

It is also useful to examine the growth in capacity of CSI PV systems installed over time by 

customer type.  In Table 2-7, we have separated PV systems into residential, small 

commercial (where the PV system is less than 10 kW in rebated capacity), and large 

commercial groups.  “Large” commercial systems are those PV systems on commercial 

applications that are equal to or greater than 10 kW in rebated capacity.  The „commercial‟ 

grouping includes commercial, non-profit and government applications customer segments.  

Later in our analysis, we have grouped residential with small commercial due to their 

similarity in size and operational aspects
8

. 

 

Table 2-7:  CSI Projects and Rebated Capacity by Customer Group  

Customer 

Grouping 

Complete Active Online Total Statistics 

n MW n MW n MW 
Mean 

(kW) 

Median 

(kW) 

Residential 23,333 108.8 257 1.3 23,590 110.1 4.7 4.0 

Small Commercial 453 2.2 26 0.1 479 2.3 4.8 4.7 

Large Commercial 900 168.4 14 3.7 914 172.2 188.4 64.8 

Summary 24,686 279.4 297 5.1 24,983 284.5 11.4 4.0 

 

The residential systems are a vast majority of the systems (94 percent) but just 39 percent of 

the installed MW.  Large commercial on the other hand are only 4 percent of the systems but 

61 percent of the installed MW, clearly highlighting their larger sizes.  Residential systems 

sizes cluster around 4 to 5 kW, showing some homogeneity of systems sizes where large 

commercial can be systems ranging from 10 kW to over 1,000 kW.  We explore this 

distribution more in depth later in this section. 

 

Table 2-8 shows the percentage of systems and capacity of systems by customer grouping. 

 

Table 2-8:  CSI Customer Grouping Percentages by Year of Installation 

Customer 

Grouping 

2007 2008 2009 Total 

%n %MW %n %MW %n %MW %n %MW 

Residential 96.5% 59.4% 92.5% 31.7% 95.1% 40.5% 94.4% 38.7% 

Small Commercial 1.5% 1.0% 2.3% 0.8% 1.8% 0.7% 1.9% 0.8% 

Large Commercial 2.0% 39.5% 5.2% 67.5% 3.1% 58.8% 3.7% 60.5% 

* Totals may not add due to rounding  

 

                                                 
8  By operational aspects, we refer to the types of servicing or maintenance activities that may be conducted by 

the system owner, including washing of panels, etc. 
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In 2008, there was an increase in the percentage of MW installed for large commercial.  This 

trend reversed itself as more residential systems were installed in 2009 and fewer and fewer 

commercial systems and MW were installed.  Some of this change could be due to the 

change in the federal tax law removing the investment tax credit cap for residential systems 

that went into effect January 1, 2009.  Figure 2-4 and Figure 2-5 show the trends in 

cumulative installed systems and capacity since the beginning of the CSI program in 2007. 

 

 

Figure 2-4:  Cumulative Completed and Active On-Line Installations by Month 
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Figure 2-5:  Cumulative Completed and Active On-Line Capacity by Month 
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Despite the economic slowdown, the incentives offered and interest in the CSI program were 

sufficiently large enough to attract more new customers for PV.  

 

Size Distribution by Customer Grouping 

The evaluation team also investigated the distribution of system sizes and whether the 

median system size was changing over the course of the program. 

 

Figure 2-6, Figure 2-7, and Figure 2-8 illustrate this distribution of PV systems by size for 

residential, small commercial and large commercial, respectively. 

 

Figure 2-6:  Size Distributions by Customer Grouping - Residential 
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Approximately 42 percent of residential systems are clustered around 2.5 kW to 4.5 kW.  

However, there are over 1,000 systems installed on residential locations (approximately 4.5 

percent of the total) that are greater than 10 kW.  For these large systems, we identified that 

five counties accounted for 40 percent of these 1104 systems.  Contra Costa County in the 

Bay Area stood out with an average size of 21 kW for those systems included in this group.  

These are listed in Table 2-9.9  

 

Table 2-9:  Top 20 Counties with Large Residential Systems (over 10kW) 

Program 

Administrator County 

Installed 

kW Sites 

Average System 

Size (Of those 

Systems Over 

10kW) 

SCE Riverside 1,459.2 105 13.9 

CCSE San Diego 1,551.1 102 15.2 

SCE Los Angeles 1,296.0 90 14.4 

PG&E Contra Costa 1,546.7 74 20.9 

PG&E Fresno 939.8 71 13.2 

PG&E Sonoma 732.4 54 13.6 

PG&E Santa Clara 740.4 53 14.0 

PG&E San Mateo 742.3 43 17.3 

PG&E Napa 814.6 42 19.4 

SCE Ventura 531.9 32 16.6 

PG&E Placer 573.4 31 18.5 

PG&E Alameda 414.2 30 13.8 

PG&E Butte 338.2 26 13.0 

PG&E Kern 312.5 25 12.5 

SCE San Bernardino 342.5 25 13.7 

PG&E San Joaquin 329.1 24 13.7 

PG&E Marin 327.4 23 14.2 

SCE Orange 299.2 22 13.6 

SCE Tulare 305.8 22 13.9 

PG&E El Dorado 259.4 18 14.4 

 

                                                 
9  We hypothesized that some of these may be multifamily buildings however the system would be covering 

the common load making the common load quite large.  Also typically multifamily common load system 

incentives are reserved as commercial systems per their applicable commercial electrical rate. 
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For small commercial systems, because the cap is 10 kW there is less of a normal distribution 

(see Figure 2-7).  Interestingly, 13 percent of small commercial locations in this grouping 

chose sizes in the range 1 to 1.5 kW, suggesting that commercial segment does not 

necessarily prefer only large systems and those commercial locations with limited available 

space are still pursuing a PV installation. 

 

Figure 2-7:  Size Distributions by Customer Grouping—Small Commercial 
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As shown in Figure 2-8, the distribution for large commercial systems ranges from 10 kW to 

over 1 MW.10  But overall, large commercial is very heterogeneous based on the size of the 

PV systems and, as shown in later sections, in their energy efficiency behavior as well. 

 

Figure 2-8:  Size Distributions by Customer Grouping—Large Commercial 
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Figure 2-9, Figure 2-10, and Figure 2-11 below show the trend in median system size over 

time for the three customer groupings.  There is very little change in the median system size 

over time for residential customers.  The largest change in median system size is for large 

commercial customers, with a spike in Quarter 1 of 2009 but a steady decline in 2009.  

  

A potential economic impact on PV was the decrease in the ability of customers to use tax 

equity to finance large systems.  The tax equity market disappeared in 2009 due to other 

larger losses in the US economy, reducing the available financing for PV systems.  This 

factor, combined with the general credit restrictions that existed in 2008 and 2009, would 

likely impact the average system size for large commercial. 

 

                                                 
10  We examined the cluster of 38 between 950 kW to 1 MW and they appear to be clustering at the 1 MW net 

energy metering cap. 
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Figure 2-9:  Median Installed System Size per Quarter—Residential 
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Figure 2-10:  Median Installed System Size per Quarter—Small Commercial 
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Figure 2-11:  Median Installed System Size per Quarter—Large Commercial 
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2.7  CSI Statistics by Sector 

The CSI further refines the data between residential, commercial, non-profit, and 

government.  Non-profit and government-owned projects are eligible for higher incentives 

than the commercial projects.  Table 2-10 summarizes distribution of installed CSI projects 

by customer group from 2007 to 2009.   

 

Table 2-10:  CSI Projects by Year and Customer Sector 

Customer 

Grouping 

2007 2008 2009 Total 

%n %MW %n %MW %n %MW %n %MW 

Residential 96.5% 59.4% 92.5% 31.7% 95.1% 40.5% 94.4% 38.7% 

Commercial 2.6% 38.5% 5.5% 57.0% 3.2% 37.6% 3.9% 45.3% 

Non-Profit 0.6% 1.2% 1.1% 2.5% 0.5% 2.3% 0.7% 2.3% 

Government 0.3% 0.9% 0.9% 8.8% 1.2% 19.7% 1.0% 13.7% 

* Totals may not add due to rounding  

 

Residential projects represented the majority of the total number of projects, at 40.5 percent 

in 2009 of the total rebated capacity.  Commercial projects represented 37.6 percent this 

same year.  This is a change from 2008 when commercial projects represented over 50 

percent of the rebated capacity and residential represented 33 percent.  Government grew as 

well as a percent of MW in 2009, growing from 8.8 percent of the totaled rebated capacity in 

2008 to 19.7 percent in 2009. 
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Table 2-11 and Table 2-12 summarize the number and rebated capacity of CSI projects 

among these sectors as of the end of 2009 in total and by PA.   

 

Table 2-11:  CSI Projects and Rebated Capacity by Customer Sector 

Customer 

Sector 

Complete Active Online Total Statistics 

n MW n MW n MW Mean 

(kW) 

Median 

(kW) 

Residential 23,333  108.8 257  1.3 23,590  110.1 4.7 4.0 

Commercial 947  126.6 19  2.4 966  129.0 133.5 28.3 

Non-Profit 180  6.3 3  0.1 183  6.4 35.0 11.1 

Government 226  37.7 18  1.4 244  39.1 160.1 36.1 

Summary 24,686  279.4 297  5.1 24,983  284.5 11.4 4.0 

 

As shown in Table 2-12, across the different PAs the percent follows the same trend with a 

few noticeable trends.  CCSE has more residential and nonprofit MW compared to the other 

PAs as a percent of their total installed MW.  SCE is fewer residential MW and many more 

commercial MW and PG&E has more MW installed that are within the government sector 

compared to the other PAs as a percent of their total installed MW.  

 

Table 2-12:  CSI Projects and Rebated Capacity by Customer Sector and PA 

Customer 

Sector 

CCSE PG&E SCE Total 

%n %MW %n %MW %n %MW %n %MW 

Residential 95.8% 48.6% 94.3% 41.7% 94.1% 30.4% 94.4% 38.7% 

Commercial 2.8% 32.9% 3.8% 39.3% 4.5% 59.7% 3.9% 45.3% 

Non-Profit 0.8% 5.0% 0.8% 2.7% 0.6% 0.6% 0.7% 2.3% 

Government 0.7% 13.6% 1.1% 16.3% 0.8% 9.3% 1.0% 13.7% 
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Figure 2-12 illustrates the geographical distribution of CSI projects based on customer type.  

As mentioned, the residential sector accounts for the majority of completed projects.  

However, most of these projects are small.  Not surprisingly, a large number of CSI projects 

congregate in urban areas.  The high concentration of PV projects within the San Francisco 

Bay Area is indicative of the high level of interest in PV even in an area considered to have a 

lower PV resource.   

 

Figure 2-12:  Distribution of CSI Projects by Customer Sector 

 
 

 

2.8  Distribution of Ownership among Customer Classes 

Third party ownership of PV systems through a Power Purchasing Agreement (PPA) or a 

lease may be advantageous in some situations.  Typically, a CSI participant would apply for 

an incentive and own the PV system on their property.  In the case of third party ownership, a 

third party would own the PV system on the host‟s property and either sell the host electricity 

from the PV system or lease the PV system to the host.   
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In the case of selling the electricity to the host under a PPA, non-profit or government 

entities can host PV systems and can take advantage of the federal tax incentive through a 

for-profit entity.  The PPA or lease also works for those entities that may not be in the right 

tax situation or have the ability to finance a PV system, where a third party owner would 

have that ability.  

 

In Table 2-13, trends in third party ownership of PV systems (both number and capacity) 

over the past three years are shown with respect to PAs and customer groups.   

 

Overall, 12 percent of the systems accounting for 40 percent of the MW were owned by third 

parties, indicating that larger systems were more likely to be owned by third parties, 

compared with smaller systems.  The portion of systems owned by third parties out of the 

total systems installed was same in 2007 and 2008 (~9 percent), but increased substantially in 

2009 (~14 percent).  However, in terms of capacity, the portion of third party-owned systems 

was same in 2007 and 2009 (i.e. ~43 percent) but dropped to 34 percent in 2008.  

 

Table 2-13:   Third Party Ownership by Year—All Systems 

Year Total 

Third 

Party 

Owned 

(n) 

Third 

Party 

Owned 

(%) 

Third 

Party 

Owned 

(MW) 

Third 

Party 

Owned 

MW% 

Average Third 

Party Owned 

System Size (kW) 

2007 3,440 319 9.3% 16.5 42.9% 51.8 

2008 8,443 762 9.0% 31.9 34.2% 41.9 

2009 13,100 1,793 13.7% 65.0 42.5% 36.2 

Grand Total 24,983 2,874 11.5% 113.4 39.9% 39.5 
* Totals may not add due to rounding 
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Both CCSE and PG&E appear to have similar portions of PV systems owned by third parties.  

However, SCE has a substantially larger portion (both numerically and in terms of capacity) 

that is owned by third parties. 

 

Table 2-14:  Third Party Ownership by PA—All Systems 

PA Total 

Third 

Party 

Owned 

(n) 

Third 

Party 

Owned 

(%) 

Third 

Party 

Owned 

(MW) 

Third 

Party 

Owned 

MW% 

Average Third 

Party Owned 

System Size (kW) 

CCSE 3,139 311 9.9% 9.2 33.6% 29.6 

PG&E 15,613 1,674 10.7% 56.0 34.1% 33.4 

SCE 6,231 889 14.3% 48.2 51.8% 54.2 

Grand Total 24,983 2,874 11.5% 113.4 39.9% 39.5 
* Totals may not add due to rounding 

 

Third party ownership appears to be increasingly prevalent among larger PBI systems, as 

shown in Table 2-15. 

 

Table 2-15:  Third Party Ownership by Incentive Type—All Systems 

Incentive 

Type Total 

Third 

Party 

Owned 

(n) 

Third 

Party 

Owned 

(%) 

Third 

Party 

Owned 

(MW) 

Third 

Party 

Owned 

MW% 

Average 

Third Party 

Owned 

System Size 

(kW) 

EPBB 24,207 2,600 10.7% 24.2 17.3% 9.3 

FiveYearPBI 776 274 35.3% 89.2 61.5% 325.6 

Grand Total 24,983 2,874 11.5% 113.4 39.9% 39.5 
* Totals may not add due to rounding 
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For residential facilities, the portion of third party-owned systems (both number and 

capacity) was approximately the same in 2007 and 2008, but increased substantially in 2009 

by 155 percent year-over-year while the entire residential sector grew at 56 percent.  The 

average system size for third party-owned residential systems is also larger than the average 

for all residential installed systems (4.7 kW). 

 

Table 2-16:  Third Party Ownership—Residential 

Year Total 

Third 

Party 

Owned 

(n) 

Third 

Party 

Owned 

(%) 

Third 

Party 

Owned 

(MW) 

Third 

Party 

Owned 

MW% 

Average Third 

Party Owned 

System Size 

(kW) 

2007 3,260 255 7.8% 1.1 7.2% 4.2 

2008 7,944 627 7.9% 2.9 7.6% 4.6 

2009 12,386 1,605 13.0% 8.0 13.9% 5.0 

Grand Total 23,590 2,487 10.5% 11.9 10.8% 4.8 
* Totals may not add due to rounding 

 

For residential facilities third party owned by PAs, more systems as a percent are in SCE‟s 

service area and they are, on average, larger than in the other PAs. 

 

Table 2-17:  Third Party Ownership—Residential 

PA Total 

Third 

Party 

Owned 

(n) 

Third 

Party 

Owned 

(%) 

Third 

Party 

Owned 

(MW) 

Third 

Party 

Owned 

MW% 

Average Third 

Party Owned 

System Size 

(kW) 

CCSE 3,007 267 8.9% 1.2 8.7% 4.3 

PG&E 14,721 1,465 10.0% 7.0 10.3% 4.8 

SCE 5,862 755 12.9% 3.7 13.2% 4.9 

Grand Total 23,590 2,487 10.5% 11.9 10.8% 4.8 
* Totals may not add due to rounding 
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Overall, looking at the nonresidential sector by PA (see Table 2-18 ) almost 60 percent of the 

installed MW is owned by a third party.  Specifically in SCE‟s service area, almost 70 

percent of the installed MW is owned by third parties. 

 

Table 2-18:  Third Party Ownership—Nonresidential 

PA Total 

Third 

Party 

Owned 

(n) 

Third 

Party 

Owned 

(%) 

Third 

Party 

Owned 

(MW) 

Third 

Party 

Owned 

MW% 

Average Third 

Party Owned 

System Size 

(kW) 

CCSE 132 44 33.3% 8.0 57.0% 182.9 

PG&E 892 209 23.4% 48.9 51.2% 234.1 

SCE 369 134 36.3% 44.5 68.7% 331.9 

Grand Total 1,393 387 27.8% 101.4 58.2% 262.1 
* Totals may not add due to rounding 

 

The next three tables look at the change in third party ownership over time, for the 

nonresidential sector.  As shown in Table 2-19, there was a decrease as a percentage in third 

party ownership from 2007 to 2008, but a rebound from that trend in 2009, with 60 percent 

of the MW installed in 2009 being owned by third parties in the commercial sector. 

 

Table 2-19:  Third Party Ownership—Commercial 

Year Total 

Third 

Party 

Owned 

(n) 

Third 

Party 

Owned 

(%) 

Third 

Party 

Owned 

(MW) 

Third 

Party 

Owned 

MW% 

Average Third 

Party Owned 

System Size 

(kW) 

2007 114 40 35.1% 7.3 58.5% 182.8 

2008 330 87 26.4% 19.6 51.4% 225.5 

2009 522 157 30.1% 46.7 59.6% 297.4 

Grand Total 966 284 29.4% 73.6 57.1% 259.2 
* Totals may not add due to rounding 
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In Table 2-20 there does not appear to be a visible trend year over year.  Given the limited 

number of non-profit systems installed (but still growing year over year), it is difficult to 

discern a trend. 

 

Table 2-20:  Third Party Ownership—Non-Profit 

Year Total 

Third 

Party 

Owned 

(n) 

Third 

Party 

Owned 

(%) 

Third 

Party 

Owned 

(MW) 

Third 

Party 

MW% 

Average Third 

Party Owned 

System Size 

(kW) 

2007 27 6 22.2% 0.4 56.9% 70.5 

2008 75 17 22.7% 3.0 71.3% 174.5 

2009 81 5 6.2% 0.3 17.8% 53.6 

Grand Total 183 28 15.3% 3.7 57.1% 130.6 
* Totals may not add due to rounding 

 

In Table 2-21, the impact of the decrease in the tax equity financing market can be seen by 

the reduction in the number of government-hosted systems owned by third parties.  This is 

one of the only groups where there was an actual decrease in systems owned by third parties 

from 2008 to 2009.  This decrease is also striking given the substantial increase in 

government PV systems discussed earlier (see Table 2-10).  However, those government 

systems that were owned by third parties in 2009 were clearly very large, comprising 65 

percent of the total MW installed at government locations. 

 

Table 2-21:  Third Party Ownership—Government 

Year Total 

Third 

Party 

Owned 

(n) 

Third 

party 

Owned 

(MW) 

Third 

Party 

Owned 

(%) 

Third 

Party 

Owned 

MW 

% 

Average Third 

Party Owned 

System Size 

(kW) 

2007 39 18 7.7 46.2% 74.6% 265.0 

2008 94 31 6.5 33.0% 48.2% 142.8 

2009 111 26 10.0 23.4% 65.3% 137.9 

Grand Total 244 75 24.2 30.7% 61.9% 160.1 
* Totals may not add due to rounding 
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Third party ownership clearly has its place in the growing PV market in California.  While 

there appeared to be some contraction of nonresidential in 2008 and 2009 as financing a third 

party-owned PV system became a challenge.  This minimal contraction in 2009 was balanced 

out with an expansion in the residential market as new third party ownership models rolled 

out and became accepted by more and more customers.  Based on the strong growth, third 

party ownership in the residential and nonresidential markets are trends of this maturing 

industry and may impact the program and the integration with energy efficiency differently 

than host-owned systems. 

 

 

2.9  CSI Statistics Cost of PV Systems 

One of the key goals of the CSI program is to help drive PV system costs down to create a 

sustainable solar industry.  As the CSI program has been operational for only three years, 

progress trends towards this goal can be difficult to see.  To help with the analysis we have 

combined CSI cost numbers with SGIP cost numbers to provide a more complete trend of 

system prices from 2002 through the end of 2009.11   

 

Installed system costs are shown in Figure 2-13 adjusted to 2009 dollars.  All of these costs 

were self-reported by solar applicants as part of the CSI rebate application process.  Each 

applicant provides a copy of their executed sales contract with their application.  The costs 

are provided in terms of capacity-weighted average dollars per rated capacity in CEC PTC 

AC Watts (Wac).  In general, CSI costs are correlated with SGIP total installed costs and 

show a downward trend from costs experienced in the latter period of the SGIP.  However, in 

2009 there seemed to be a slight increase in cost per Watt for CSI large commercial systems.   

 

                                                 
11  The SGIP provided incentives for PV systems whose rebated capacity is 30 kW to 1 MW for PV systems 

reserved through December 31, 2006.  CSI Large Commercial systems are PV systems whose rebated 

capacity is greater than 10 kW to 1 MW. 
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Figure 2-13:  Inflation-Adjusted System Costs 
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Because the data in Figure 2-13 are based on installed date instead of reserved date, we 

examined just CSI projects from 2007 through 2009 by quarter and by the date the system 

was reserved.  The assumption is that those systems reserved earlier than others will have a 

higher cost per watt than a system reserved later, even though both systems may be installed 

at the same time.   
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Figure 2-14 illustrates this for systems that are owned by the host in current dollars.  There is 

clearly a downward trend in the price per Watt for residential from $10.04 per Wac to $8.49 

per Wac.  This is an inflation-adjusted decrease of 15 percent over three years.   

 

Figure 2-14:  Capacity Weighted Average System Cost by Quarter Applied for 
Completed Host-Owned Systems Installed by December 31, 2009 
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For these data above we concluded it was appropriate to pull out those residential systems 

that were under a PPA or a lease.  Particularly under a lease, we believe that the costs per 

Watt may be higher, as the lease payment‟s present value may be included in the cost data 

tracked by the PAs.  In Figure 2-15, we show the trend in cost per watt for host-owned 

systems as well as for third party-owned systems for residential customers.  The cost of third 

party-owned systems is clearly higher than the host-owned systems in 2008.  We examine 

this further in Figure 2-16.  

 

Figure 2-15:  Capacity Weighted Average System Cost by Quarter Applied by 
Owner for Completed Residential Systems Installed by December 31, 2009 
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In Figure 2-16, the distribution of the self-reported cost data for residential systems owned by 

the host and third parties is shown. 

 

Figure 2-16:  Distribution of Residential System Costs by Ownership Type 
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As shown, the host-owned systems for the life of the CSI program exhibit a nearly normal 

distribution with a median and weighted mean cost between $8.75 per Wac to $9.25 per Wac.  

In contrast, the third party-owned systems exhibit a bi-modal distribution with two distinct 

clusters—one coinciding roughly with that of the host-owned systems and a second one 

clustered around $12.50 per Wac to $12.75 per Wac.  Considering Figure 2-15 and Figure 

2-16 together, it appears that the second cluster of third party-owned systems were probably 

reserved in the last three quarters of 2008 and the first quarter of 2009.  In addition, while the 

distribution is not high, the ranges there are 0.25 percent of the systems at or below 

$4.50/Wac and 0.25 percent above $20/Wac.  Recently proposed CSI Handbook rules 

changes in 2010 may limit these upper outliers in future years. 
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The CSI program data also provide insight into the breakdown of system costs by system 

component.  A breakdown of capacity-weighted average system costs for PV systems 

installed under the CSI program during 2007-2008 and for 2009 is shown in Figure 2-17.  In 

2007 and 2008, the panels accounted for 53 percent and 58 percent of the systems costs for 

commercial and residential customers, respectively.  For 2009 this had remained relatively 

constant at 54 percent for commercial and decreased to 55 percent for residential.   

 

While the time gap is small, there does appear to be a reduction in the panel prices that 

corresponded to the overall cost reductions in modules that the industry has been 

experiencing over the past 18 months with the global recession and the extra supply as 

Spain‟s feed in tariff ended.  

 

Figure 2-17:  System Cost Breakdown (2007-2009) for Installed Systems by 
Reservation Date12 
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12 This chart excludes systems with module or inverter costs of zero. 
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The reduction in module prices from 2007 to 2009 is shown more clearly in Figure 2-18 

where total system cost, reported module cost, and commercially available retail module 

prices are plotted against the reserved date. 13  These costs are in terms of nameplate dc Watts 

because that is how modules prices were made available.  Both retail module prices and 

reported module prices show a downward trend that is roughly mirrored in total system costs.  

The non-module component of system costs appear to be relatively constant. 

 

Figure 2-18:  Costs per Quarter Applied for Host-Owned Residential and Small 
Commercial CSI Systems 
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13 From monthly average prices reported by http://www.solarbuzz.com 

http://www.solarbuzz.com/
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Figure 2-19 shows the total system cost, reported module cost, and commercially available 

retail module prices for large commercial systems.  Here the link between retail module price 

and system cost is less evident. 

 

Figure 2-19:  Cost per Quarter Applied for Large Commercial CSI Systems 
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2.10  CSI Geographic Distribution 

The evaluation team also examined the geographic distribution of PV systems by system 

count and MW throughout California.  As we have seen previously, PV systems, particularly 

smaller residential systems are located in urban areas such as the San Francisco Bay Area, 

the Los Angeles metro Area, and San Diego County (see Figure 2-20).   

 

Figure 2-20:  CSI Systems Installed per County—Top 20 
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However, when normalized by population the picture changes.  Figure 2-21 shows the top 

three counties of San Diego, Santa Clara, and Los Angeles from Figure 2-20 are replaced by 

Marin, Napa, and Nevada in Figure 2-21.14  In addition, this per capita top 20 list includes 

Sonoma and others including Santa Cruz and Yolo, and the Sierra foothill counties of 

Calaveras, El Dorado, and Placer. 

 

Figure 2-21:  Counties by Sites per Thousand Inhabitants—Top 20 
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14  San Diego and Los Angeles are dropped off the top 20 list. 
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When we examine the top counties by MW installed normalized by population, those 

counties outside of the metropolitan areas are even more evident.  Inyo, Lake, and Butte 

counties are among the ones that rise to the top illustrating 1) their abundant space and large 

PV installations, and 2) their small populations. 

 

Figure 2-22:  Counties by kW per Thousand Inhabitants 
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Overall, while CSI systems have been installed primarily in major metropolitan areas in an 

absolute sense, many different counties are receiving the benefits of the CSI program when 

the program statistics are examined in a per capita-basis, both in terms of systems and MW. 

 

All counties and their rank are shown in Table 2-22. 
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Table 2-22:  Systems and MW by County—All Counties and Rank 

County 

Rank By 

Systems 

Rank by 

MW 

Rank Systems 

Per Capita 

Rank by MW 

Per Capita Systems MW Population15 

Alameda 4 9 25 33 1451 10.9 1,556,657 

Amador 39 41 12 23 68 0.4 38,080 

Butte 22 18 13 4 337 5.4 220,748 

Calaveras 33 39 6 17 96 0.7 45,987 

Colusa 46 47 28 36 18 0.1 21,997 

Contra Costa 6 7 20 21 1186 13.4 1,060,435 

El Dorado 20 28 8 13 353 2.7 180,185 

Fresno 9 6 21 14 1049 14.2 942,298 

Glenn 43 40 15 15 41 0.4 29,239 

Humboldt 37 45 38 49 78 0.2 132,755 

Imperial 52 53 52 53 1 0.0 179,254 

Inyo 45 33 11 1 33 1.5 18,049 

Kern 17 13 34 29 552 6.8 827,173 

Kings 35 27 41 7 82 3.2 154,743 

Lake 34 22 14 2 95 4.3 64,025 

Lassen 51 51 51 52 2 0.0 35,550 

Los Angeles 3 3 48 47 2036 22.8 10,393,185 

Madera 29 31 23 20 157 2.0 152,331 

Marin 13 21 1 10 721 4.5 258,618 

Mariposa 47 48 26 39 16 0.1 18,306 

Mendocino 31 34 16 12 115 1.4 90,206 

Merced 32 30 46 28 97 2.1 256,450 

Mono 49 50 37 48 8 0.0 13,504 

Monterey 28 29 43 38 217 2.3 431,892 

Napa 23 15 3 3 316 6.2 137,571 

Nevada 27 35 2 25 229 1.0 98,718 

Orange 5 8 45 42 1272 13.2 3,139,017 

Placer 14 17 10 9 647 6.0 339,577 

Plumas 48 49 39 46 12 0.0 20,632 

Riverside 8 4 42 26 1082 20.2 2,107,653 

Sacramento 50 38 53 50 7 0.8 1,433,187 

San Benito 44 46 36 44 37 0.2 58,016 

San Bernardino 12 5 47 31 745 16.5 2,060,950 

San Diego 1 1 24 27 2964 26.4 3,173,407 

San Francisco 10 24 19 41 976 3.6 845,559 

San Joaquin 24 19 44 32 295 5.0 689,480 

San Luis Obispo 18 16 9 5 527 6.2 270,429 

San Mateo 11 20 22 35 772 4.7 745,858 

Santa Barbara 21 26 30 30 352 3.5 431,312 

Santa Clara 2 2 17 18 2272 26.4 1,857,621 

Santa Cruz 15 23 5 19 596 3.7 268,637 

Shasta 30 37 31 40 143 0.8 183,023 

Solano 26 14 40 16 246 6.2 426,729 

Sonoma 7 10 4 6 1101 10.3 486,630 

Stanislaus 38 32 49 45 71 1.9 526,383 

Sutter 36 36 29 24 79 1.0 96,554 

Tehama 42 43 32 37 44 0.4 62,836 

Trinity 52 52 50 51 1 0.0 13,959 

Tulare 25 12 35 11 282 7.2 441,481 

Tuolumne 40 42 18 34 67 0.4 56,335 

Ventura 16 11 33 22 569 9.2 836,080 

Yolo 19 25 7 8 408 3.5 200,709 

Yuba 41 44 27 43 62 0.3 72,900 

                                                 
15 2009 Estimates from http://www.dof.ca.gov/research/demographic/reports/estimates/e-4_2001-07/ 

http://www.dof.ca.gov/research/demographic/reports/estimates/e-4_2001-07/
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2.11  Overall Findings 

Below we summarize what we conclude has been changing and growing within the CSI 

program over the past three years.  The following sections will use this entire population and 

its data to assist in drawing together other key findings. 

 

 The CSI program continued to grow in 2009, despite the worldwide economic 

slowdown, due to the incentives. 
  

 The residential segment was the fastest growing segment, as more systems and 

MW were installed in 2009 than in previous years.  
  

 The average size for residential systems of 4.7 kW appeared to have a normal 

distribution except for a group of outliers greater than 10 kW.  These systems were 

predominately located in the large metropolitan areas within California but they 

could be found in many counties across California. 
  

 Average system size for residential over time was relatively flat across the years of 

the program, and for large commercial there was a general downward trend in 

system size. 
  

 Third party ownership is a changing dynamic in the CSI program.  Nonresidential 

systems form the largest percentage of MW owned by third parties; however, the 

residential market has seen a material increase in third party-owned systems 

between 2008 and 2009. 
  

 The price per Watt of installed systems is going down. 
  

 This reduction roughly followed retail module price reductions for residential and 

small commercial host owned systems. 
  

 Large commercial systems also showed reductions in price but mean pricing 

appeared to be more volatile. 
  

 Third party-owned residential systems reported price per Watt is 15 percent higher 

than that of host-owned systems. 
  

 The majority of PV systems are located in the major metropolitan areas.  However, 

when taking into account population, other counties like Marin and Sonoma rise to 

the top in terms of systems per capita; counties with more open space like Inyo and 

Napa rise to the top in terms of MW per capita. 



 

PV Generation Data 3-1 

3 
 
PV Generation Data 

 

This section describes the collection of PV performance data used in conducting the 2009 

Impact Evaluation.  Electric net generator output (ENGO) data provides information on the 

amount of electricity generated by metered CSI systems.  This information is needed to 

assess annual and peak electricity contributions from CSI systems.  ENGO data were 

collected from several third parties for this 2009 report.  The evaluation team did not install 

or operate any metering to obtain data used in this report. 

 

 

3.1  PV Performance Data Collection 

PV generation data were provided to the research team by several third parties.  A list of 

these data providers is followed by a summary of characteristics of PV systems for which 

metered electricity generation data were available. 

 

Data Sources 

Among the third-party data providers and installers who supplied PV performance data for 

this 2009 report are the following: 

 

 Borrego Solar 

 Chevron 

 Draker Laboratories, Inc. 

 Energy Recommerce, Inc. 

 Enphase Energy, Inc. 

 Fat Spaniel Technologies, Inc. 

 Next Energy 

 PG&E 

 Rec Solar 

 SCE 

 SDG&E 

 SolarCity 

 SolarEcity 

 Solar Integrated Technologies 

 SunPower 

 SunRun 

 Thompson Technology 

Industries, Inc. 

 Trimark Associates 

 

 

The companies listed above are classified as one of the following:  

 

 Performance Data Providers (PDPs) who are providing data to the Program 

Administrators (PAs) for the performance-based incentive (PBI) payment 
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 Performance Monitoring Reporting Services (PMRSs) who are providing data 

to customers whose systems are required to have monitoring as the costs of the 

systems are below the 1 percent cost cap1 
  

  Expected Performance Based Buydown (EPBB) exempt systems, which are 

systems that have PV monitoring systems, although not required to, and whose 

service provider supplied the data. 

 

Table 3-1 presents a summary of data available at the end of 2009 from these types of data 

providers. 

 

Table 3-1:  Data Sources for Metered Systems 

Type of No. of Systems Capacity of Systems 

Data  (n) (%) (MW) (%) 

PBI PDP 659 20.8% 117.7 84.9% 

EPBB PMRS 201 6.3% 2.4 1.7% 

EPBB Exempt 2,311 72.9% 18.6 13.4% 

Total 3,171 100.0% 138.7 100.0% 

 

The majority of the generation data for this analysis (by site count) came from exempt data 

providers who were not required to provide generation data as part of the CSI program.  

These data and the other metered data were valuable in providing an accurate estimation of 

the total generation provided by the installed CSI systems. 

 

                                                 
1  EPBB systems under 30 kW are exempt from metering if they show that metering would cost greater than 1 

percent of the system cost.  Under current CSI rules, systems over 30 kW are required to be PBI and 

therefore have metering.  Previously, EPBB systems over 30 kW had a cost limit for metering of 0.5 percent 

of system cost.   
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Figure 3-1 shows the distribution of sites with data by both number of sites and installed 

capacity.  Monitored sites are clustered around the population centers in the San Francisco 

Bay Area and Los Angeles/Orange County metropolitan areas.  By capacity, however, the 

sites are more evenly distributed with many large systems in the California Central Valley 

and east of Los Angeles. 

 

Figure 3-1:  Metered Sites by Data Type 
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3.2  Characteristics of Metered Systems 

Metered data were available for a subset of systems completed as of the end of 2009.  As 

discussed in Section 2, slightly under 25,000 CSI systems were completed or considered to 

be “active on-line” in 2009.  These systems corresponded to approximately 284.5 MW (CEC 

PTC AC System Rating) of rebated CSI project capacity.   

 

The status of metered energy output data availability as a percent of the total installed 

systems is summarized in Figure 3-2.   

 

Figure 3-2:  Metered Data Availability Status by Number and Capacity 
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Nearly 50 percent of installed capacity and 13 percent of total installed systems (nearly 3,200 

systems) have metered data available at the end of 2009.  For the 2007/08 impact evaluation, 

roughly 9 percent of the installed systems (just over 900 systems), or 38 percent of installed 

capacity, had metered data at the end of 2008.   
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CSI incentives are provided either as a five-year PBI or as a single EPBB.  Table 3-2 

provides a summary of these system types and the distribution as a percent of metered data 

obtained.   

 

Table 3-2:  Incentive Types for Metered Systems 

Incentive No. of Systems Capacity of Systems 

Type  (n) (% of Metered) (MW) (% of Metered) 

EPBB 2,512 79.2% 21.0 15.1% 

PBI 659 20.8% 117.7 84.9% 

Total 3,171 100.0% 138.7 100.0% 

 

The EPBB are almost 80 percent of the metered systems, but based on capacity the larger 

PBI systems are almost 85 percent of the metered data obtained.  

 

Table 3-3:  Incentive Types for Metered Systems  

Incentive No. of Systems Capacity of Systems 

Type 

 (n) 

(% of 

Population) (MW) 

(% of 

Population) 

EPBB 2,512 10.4% 21.0 15.1% 

PBI 659 84.9% 117.7 81.1% 

Total 3,171 12.7% 138.7 48.7% 

 

Data for systems receiving PBIs are much more readily available since metering for those 

systems is required by nature of their incentive.  However, there is a lag between when a 

system is installed and operating (approximately when the incentive claim form is filed) and 

when data become available (usually when a system reaches PBI in payment status.)  This 

two to three month lag is the primary reason that data are not yet available for 100 percent of 

the systems receiving a PBI that are estimated to be installed as of December 31, 2009.  For 

the EPBB systems, we were able to obtain metered data for 10 percent of the systems and 15 

percent of the populations’ capacity. 

 



2009 CSI Impact Evaluation 

3-6 PV Generation Data 

Table 3-4 shows the distribution of metered systems by the end of 2009 for hot inland and 

cool coastal climate zones.  Inland systems are slightly less likely on a per system-basis to 

have available metered data than coastal systems (11.9 vs. 13.5 percent,), but inland systems 

have a higher fraction of capacity metered (54.1 vs. 40.9 percent). 

 

Table 3-4:  Inland Coastal Locations for Metered CSI Systems  

Location No. of Systems Capacity of Systems 

   (n) 

(% of 

Metered) 

(% of 

Population) (MW) 

(% of 

Metered) 

(% of 

Population) 

Coastal 1,679 52.9% 13.5% 47.0 33.9% 40.9% 

Inland 1,492 47.1% 11.9% 91.7 66.1% 54.1% 

Total 3,171 100.0% 12.7% 138.7 100.0% 48.7% 

 

The distribution of CSI participation across the three PAs was summarized in Section 2 (see 

Table 2-3).  Table 3-5 lists the number of metered systems by PA as a percent of the installed 

population.  Interestingly, the proportion of system generation data from the different PAs is 

relatively representative of the population with slightly over 12 percent of systems.  

However, based on the capacity we have a higher percent of metered data from SCE as a 

percent of their population and we have a slightly lower-than-expected percent of meters data 

for installed capacity for PG&E.   

 

Table 3-5:  Program Administrators for CSI Metered Systems 

Program No. of Systems Capacity of Systems 

Administrator 

 (n) 

(% of 

Metered) 

(% of 

Population) (MW) 

(% of 

Metered) 

(% of 

Population) 

PG&E 1,957 61.7% 12.5% 72.0 51.9% 43.9% 

SCE 809 25.5% 13.0% 53.8 38.8% 57.9% 

CCSE 405 12.8% 12.9% 12.9 9.3% 47.0% 

Total 3,171 100.0% 12.7% 138.7 100.0% 48.7% 
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Tracking systems are more likely than fixed systems to have available metered data and this 

trend is shown in Table 3-6.  This higher metered percentage may impact results without a 

large enough sample and proper stratification due to the higher capacity factor often 

associated with tracking systems.  However, metered data from a different PV configuration 

was only used to estimate unmetered CSI system performance for less than 0.02 percent (66 

MWh) of the total metered and estimated impact in 2009.2   

 

Table 3-6:  PV Configurations for CSI Metered Systems  

PV 

Configuration 

No. of Systems Capacity of Systems 

 (n) 

(% of 

Metered) 

(% of 

Population) (MW) 

(% of 

Metered) 

(% of 

Population) 

NearFlat 1,579 49.8% 13.5% 66.1 47.7% 48.5% 

Tilted 1,554 49.0% 11.8% 54.8 39.5% 43.6% 

Tracking 38 1.2% 46.3% 17.8 12.8% 79.4% 

Total 3,171 100.0% 12.7% 138.7 100.0% 48.7% 

 

The availability of metered data over time and as a percentage of installed systems is shown 

in Figure 3-3 for large commercial systems (> 10 kW).    

 

Figure 3-3:  Large Commercial Metered Data Availability 
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2  These 66 MWh were from tracking systems.  Data from fixed systems was used to estimate the tracking 

systems’ performance. 
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In the early part of the program, some large commercial systems were installed for which we 

have no metered data.  There were also a small number of systems operational at this time so 

any installation of non-metered systems would have a material impact.3  This trend was 

reversed in 2008 and by early to mid-2009 there is a fairly stable percentage of metered data 

to the entire population, slightly below 45 percent.  Due to lowering the minimum threshold 

requirement from systems greater than 100 kW to 30 kW for PBI, this percentage of metered 

systems should slowly increase over time. 

 

Figure 3-4 displays the availability of metered data for residential and small commercial 

systems.  The percentage and availability of residential and small commercial metered 

systems are different than large commercial, but the trend indicates a steady movement 

toward having more metered data available.  As the figure illustrates, toward the middle of 

2008 and through 2009 the availability of metered data increased for residential and small 

commercial systems.  This corresponds with the increase in installed metered systems during 

this time for residential and small commercial systems and the availability of data from solar 

firms providing exempt monitoring services.   

 

Figure 3-4:  Residential and Small Commercial Metered Data Availability  
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In aggregate for all systems, the majority of 2009 metered data has been close to 50 percent 

as a percent of total capacity (commercial and residential).  This consistency is likely due to 

                                                 
3  The drop in percent of large commercial metered systems in May 2007 is due to the installation of three 

systems compared to only two the month before (one of which was metered). 
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the majority of the program and the third-party generation data providers being more diligent 

in providing this information. 

 

 

3.3  Comparison of Metered to Expected Data 

The expected annual average output of CSI systems is currently calculated during the 

incentive application process.  These expected average outputs are used to calculate incentive 

payments for EPBB systems and allow PAs to plan payments for PBI systems. 

 

Comparisons of metered data to expected annual capacity factors provide one way to assess 

actual performance of installed systems.  While this comparison is a meaningful cross-check, 

it is subject to the limitation that information of expected performance pertains to average 

performance over a 12-month period.  Information regarding expected performance during 

any individual part of the year is not available.  In the context of these individual-year 

comparisons, expected performance encompasses a range around average expected 

performance.   

 

To perform this comparison, we chose to compare metered versus estimated annual capacity 

factors for the same installed systems.  To derive an annual capacity factor for the metered 

system we followed the following steps: 

 

1. Identify the systems for which metered interval data were available for 95 percent 

or more of the days in 2009 to eliminate potential bias caused by more solar 

production in the summer months versus the winter months.  That resulted in 

reducing the metered sample to 529 EPBB systems and 255 systems that received 

a PBI payment.  All of the 529 EPBB systems are fixed position and 241 of the 

255 systems that received a PBI payment are indicated as being fixed position 

systems in PowerClerk. 
  

2. Calculate an expected annual capacity factor for each site by dividing the expected 

annual production reported by PowerClerk by installed capacity by 8760 (number 

of hours in one year). 
  

3. Review the expected capacity factors and eliminate outliers by excluding capacity 

factors over 0.3 and under 0.11 that are likely to be erroneous.4 
  

4. Calculate an actual capacity factor for each site by summing the energy produced 

and dividing by the product of rated AC capacity, days of data, and 24 hours in a 

day. 

 

                                                 
4  This resulted in excluding a single PBI system with an estimated capacity factor of 0.4 and a single EPBB 

system that had no available estimated annual output. 
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The 90 percent confidence level error bounds for actual and expected performance for 2009 

are depicted graphically in Figure 3-5.  The 90 percent confidence level error bounds for the 

expected performance are based on historical solar resource variation.  The 90 percent 

confidence level for actual performance is the two sided 90 percent confidence limit of the 

mean. 

 

Figure 3-5:  Metered vs. Expected Annual Capacity Factors5 
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5  Annual Capacity Factor is calculated as the net annual energy divided by the total energy that would have 

been produced if the system were operating at rated capacity for all of the hours of all of all of the days of 

the year.   The mean values displayed are the arithmetic average. 
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From this comparison, we can observe that the capacity factors for the metered systems for 

EPBB systems and PBI systems are slightly above the error bars for the corresponding 

estimated annual capacity factors.  This could be due to a number of reasons, including: 

 

1. The solar insolation in 2009 may have been higher than the TMY26 (Typical 

Metrological Year Data) average used to estimate expected performance; or  
  

2. The metered systems represent a higher performing sample of the population; or 
  

3. The metered systems currently are slightly out-performing their estimated annual 

capacity factors. 

 

For EPBB systems the difference between a mean 0.181 annual estimated capacity factor 

and a mean 0.194 metered capacity factor is 0.013.  This difference for a 4 kW solar 

system would equate to an additional 455.5 kWh of solar generation (0.013 * 8760 * 4 

kW) over the course of the.  For PBI systems the difference between a mean 0.195 annual 

estimated capacity factor and a mean 0.206 metered capacity factor is 0.011.  When 

tracking systems are excluded, the mean metered capacity factor drops slightly to 0.203.  

Those differences underscore the importance of monitoring solar output and not relying 

solely on the estimated capacity factors derived when the system was installed. 

 

                                                 
6  http://rredc.nrel.gov/solar/old_data/nsrdb/tmy2/ 

http://rredc.nrel.gov/solar/old_data/nsrdb/tmy2/
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4  
 
Other Data Collection 

 

4.1  Introduction  

For the 2009 CSI Impact Evaluation, a primary evaluation objective was to assess the extent 

to which CSI participants have undertaken energy efficiency (EE) measures as a result of the 

energy audit required by the CSI program, and the level of integration between EE, energy 

use, and the PV system.  These data are not available in the CSI application database 

PowerClerk, resulting in the need for the evaluation team to seek other sources.  This section 

provides a short review of the EE requirements of the CSI program followed by a description 

of the other data collection efforts that were conducted to supplement other data sources.  

This section also provides high-level results from each of the efforts. 

 

 

4.2  Evolution of CSI Energy Efficiency Audit Requirements 

The EE audit requirements have changed under the CSI program since the program inception 

in January of 2007.  Originally, the CSI program required that residential and nonresidential 

customers submit proof that an EE audit had been conducted.  CSI applicants were required 

to send in documentation of the EE audit (or proof of audit exemptions) with their CSI 

application.  However, host customers were exempt from this requirement if they: 

 

 Provided proof of an acceptable energy audit report during the past three years. 
 

 Provided proof of Title 24 EE compliance with the 2001 or 2005 standards, or a 

LEED or Energy Star certification. 

 

For commercial new construction customers, the CSI program requirements in 2007 required 

that customers submit copies of their current Title 24 documentation (2005 standards) during 

Step 1 of their CSI application.  There were no exemptions to this requirement. 

 

In December 2007, the California Energy Commission (CEC) published further guidelines 

for all solar rebate programs and the California Public Utilities Commission (CPUC) is 
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required to use these guidelines for the CSI program.1  These guidelines established EE 

requirements which “shall be complied with no later than January 1, 2009.”  In the interim, 

the CEC recommended that the Program Administrators (PAs) “strongly encourage 

applicants for solar incentives to follow these efficiency requirements measures to the 

maximum extent feasible.”  This date was later extended to July 1, 2009. 

 

Requirements after July 1, 2009 

Beginning July 1, 2009, CSI program applicants were required to meet more stringent EE 

requirements.  In addition to providing proof of an EE audit, the host customer now had to 

also submit an Energy Efficiency Disclosure Form (Disclosure Form).
2
  The goal of the 

Disclosure Form is to certify that the CSI PA has provided the CSI host customer with 

information regarding their home or business that enables them to make informed decisions 

on EE.  The Disclosure Form also identifies which, if any, EE measures have already been 

installed.  Measures that are to be installed after the installation of the PV system, and the 

expected date of measure installation, are also reported by the host customer.  There are no 

exemptions for submitting the Disclosure Form. 

 

For existing nonresidential customers in buildings greater than 100,000 square feet, the 

requirements are even more stringent.  Host customers must submit the Energy Efficiency 

Audit Form, the Disclosure Form, and proof of building benchmarking and the Retro-

commission (RCx) Report, if applicable.  A Commitment Agreement, provided by the CSI 

PAs, must be completed and signed by the host customer along with proof of benchmarking 

and submitted with the CSI reservation request form.  The Commitment Form will indicate 

dates when the retro-commissioning will begin and be completed; and commit the host 

customer to complete equipment adjustments, or cost-effective efficiency improvements 

identified in the retro-commissioning assessment.  If applicable, retro-commissioning is 

required to be completed before the CSI incentive payment is made and the applicant must 

submit the RCx Report to the PA with their incentive claim form.   

 

Entities that are exempt from this process are agricultural and industrial facilities, which are 

not covered by ENERGY STAR Portfolio Manager or the CEC’s equivalent benchmarking 

tool.  In addition, the energy audit, benchmarking, and retro-commissioning are not required 

for buildings that have complied with Title 24 requirements for newly constructed buildings 

                                                 
1  Guidelines for California Solar Electric Incentive Program (Senate Bill 1) Second Edition 

Published on December 2008.  Publication Number: CEC-300-2008-007-CMF.  Source: 

http://www.energy.ca.gov/2008publications/CEC-300-2008-007/CEC-300-2008-007-CMF.PDF 
2  http://www.pge.com/mybusiness/energysavingsrebates/solar/csi/csihandbookforms/ and 

http://www.pge.com/myhome/saveenergymoney/solarenergy/csi/csihandbookforms/ 

http://www.energy.ca.gov/2008publications/CEC-300-2008-007/CEC-300-2008-007-CMF.PDF
http://www.pge.com/mybusiness/energysavingsrebates/solar/csi/csihandbookforms/
http://www.pge.com/myhome/saveenergymoney/solarenergy/csi/csihandbookforms/
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during the last 12 months prior to applying for the CSI program incentive; proof of Title 24 

compliance at different levels shall be included with the CSI application.3 

 

As seen through this timeline from January 2007 through June 30, 2009 and then from July 1, 

2009 through now, the EE requirements for the CSI program have been evolving steadily.  

However, the cornerstone to the existing building is the performance of an audit, and using 

data from this audit to address EE opportunities before installing a PV system.  Based on this 

and the historical pattern, the evaluation team felt the most logical first step was to examine a 

sample of CSI applications and specifically, the EE audit documentation.  

 

 

4.3  Review of CSI Application Energy Efficiency Audits 

One goal of CSI’s EE audit requirement is smaller and more cost-effective CSI installations.  

The assumption is that energy audits will increase solar customers’ awareness of EE and 

installation of EE measures.  This concept aligns with the loading order of the resources 

adopted by the State.   

 

As part of the 2009 Impact Evaluation, the evaluation team obtained a random sample of 

residential and nonresidential EE audits from CSI applications.  The information was used to:  

 

 Characterize how the audit information was presented to and used by CSI 

participants, and  
 

 Estimate the impact of the audit requirement on the EE practices of CSI 

participants. 

 

General Characteristics of the Reviewed Sample 

In September 2009, the CPUC requested a random sample of 30 applications from each of 

the CSI PAs.  Based on these applications and other program information, the evaluation 

team selected an additional sample of 90 applications.  Note that all of the applications 

received adhered to the original pre-July 1, 2009 guidelines, so the impact of the July 1, 

2009 changes to CSI program requirements are not addressed by this analysis.  

 

The sample of 180 applications represented a wide range of CSI customers, including 

different host customer types, incentive types, and system sizes, as shown in Table 4-1.  

Thirteen applications did not include an audit report or proof of audit exemption, and, 

therefore, were excluded from the analysis.  This resulted in a final sample of 167 audits.  

Detailed analysis on the methodology and other results can be found in Appendix A.   

 

                                                 
3  More detail on the revised July 1, 2009 EE requirements can be found in the CSI Handbook: 

http://www.cpuc.ca.gov/PUC/energy/Solar/handbook.htm 

http://www.cpuc.ca.gov/PUC/energy/Solar/handbook.htm
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Table 4-1:  Summary Characteristics for Applications Reviewed 

Host Customer Type PG&E SCE CCSE Total 

Residential 30 30 31 91 

Nonresidential 30 29 27 76 

    Commercial 19 19 17 55 

    Gov’t/Non-profit 8 8 5 21 

Incentive type 

EPBB 37 38 36 111 

PBI 20 19 17 56 

System size 

Range 3.4 - 958.0 kW 2.9 - 1116.1 kW 1.3 - 989.0 kW  

 

Summary of Energy Efficiency Audit Analysis Results 

Ninety-five percent of the 167 customer applications reviewed conducted an EE audit.  Of 

the nine customers (5 percent of the sample) that did not perform an audit, eight (one 

residential, five commercial and two government/non-profit) were exempted from an EE 

audit by providing proof of Title 24 compliance.  None of the customers in the sample 

provided proof of LEED certification or ENERGY STAR certification for audit exemption.  
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Residential Results 

The free online energy audit surveys provided by the customers’ utility were by far the most 

common form of energy audit submitted with the CSI application.  Ninety-three percent of 

all the sampled residential customers used the online audit function provided by their utilities 

and submitted printouts of the online survey results with their CSI applications.
4
  Four 

percent used the paper version of their utility’s EE audit survey, and 1 percent used a third-

party paper survey.  One customer was exempted from the energy audit by providing proof of 

Title 24 compliance.  The breakdown of energy audit types by PA is shown in Table 4-2 

below.  

 

Table 4-2:  Types of Residential Energy Audit by Program Administrator 

 Total PG&E SCE CCSE 

Audit Type n % n %  n %  n %  

Utility Online 85 93% 30 100% 28 94% 27 87% 

Utility Hardcopy 4 4% 0   1 3% 3 10% 

Third Party 1 1% 0   0   1 3% 

Exemption-Title 24 1 1% 0   1 3% 0  

Total 91 100% 30 100% 30 100% 31 100% 

 

Nearly all PG&E customers in the sample used the SmartEnergy Analyzer, the utility’s 

online energy audit tool.
5
  Most SCE customers used the online Home Energy and Water 

Efficiency Survey tools.  Most CCSE customers used SDG&E’s Energy Depot Home Energy 

Profile online tool.  

 

In general, all Investor-Owned Utility (IOU) online audits provide customers with a 

breakdown of annual utility costs by end use.  However, the contents of the residential 

energy audits vary by IOU.  For example, SDG&E and PG&E also provide a comparison of 

monthly energy cost for similar homes.  All online audits provide recommendations to the 

customers by end use.  However, only PG&E’s online audit shows how much the customer 

could save, in terms of dollars and tons of carbon dioxide, by implementing the audit’s 

recommendations.   

 

                                                 
4  One of these customers also performed the online audit “Home Energy Saver” provided by the Lawrence 

Berkeley National Laboratory. 
5  The PG&E online auditing tool has a version for residential customers and another version for business 

customers; one of PG&E’s residential customers had erroneously filled in the version for business 

customers.   
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Audit/Exemption Reporting Requirements 

The CSI program requires customers to submit either proof of energy audit or a reason for 

exemption.  However, it does not specify the reporting requirements.  As a result, the 

documents submitted as proof of an energy audit vary widely, and the length varies from one 

page to 20 pages.  Some customers submitted the energy audit’s detailed recommendations, 

some submitted the audit’s summary recommendations, and a few simply submitted the audit 

cover page that included little information on the audit itself.   

 

Appendix A lists the different types of recommendations that were provided to the CSI 

residential customers for this sample.  In general, the recommendations ranged from 

prescribing explicit replacement of existing equipment (83 percent said to use CFLs) to 

behavioral changes to reduce the home’s load (56 percent said to air-dry dishes).  Many of 

the recommendations focused on gas use reductions (39 percent said to lower the thermostat 

setting) and others focused on reducing water use (53 percent said to install a low flow 

shower head).  

 

Nonresidential Results 

The types of energy audits performed by commercial customers are more diverse than those 

observed in the residential sector.  However, the most common energy audit used was still 

the free online survey provided by the IOUs.  The breakdown of energy audit types by PA is 

shown in the table below.  

 

Table 4-3:  Types of Nonresidential Energy Audits by Program Administrator 

 Total PG&E SCE CCSE 

Audit Type N % n %  n %  n %  

Utility Online 57 75% 21
6

 78% 18 67% 18 78% 

Utility Hardcopy 1 1% 0   1 4%  0  

Utility On-site 5 7% 2 7%  3 11% 0  

In-house Audit 1 1% 0  1 4% 0  

Third Party 5 5% 2 7% 0  3 13% 

Exemption 8 11% 2 7%  4 15% 2 9% 

Total 77 100% 27 100% 27 100% 23 100% 

 

The contents of the energy audits, like the residential online audit, varied widely for 

nonresidential customers.  PG&E and SCE’s online audit reports show a breakdown of 

energy cost by usage, provide recommendations to customers that specify costs and savings, 

and separately list the recommended measures with quickest payback on investment.  The 

                                                 
6  Two of PG&E’s commercial customers had erroneously performed the online energy audit for residential 

homes.   
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SDG&E online survey provides a performance rating, benchmarks the customer’s facility 

with other businesses, and recommends an energy action plan.  Unlike PG&E and SCE’s 

audit, SDG&E’s recommendations do not have associated costs and savings.   

 

Like residential customers, nonresidential customers are required to simply submit proof of 

energy audit or exemptions in Step 1 of the application process.  The CSI program 

requirements do not specify reporting requirements for the energy audit.  The submitted 

documents are widely inconsistent; many nonresidential customers submitted the audit’s 

summary recommendations, while some included only the first page of the audit.   

 

Appendix A lists the different types of recommendations that were provided to the CSI 

commercial customers for this sample.  Similar to the residential findings, the 

recommendations ranged from prescribing explicit replacements for existing equipment to 

behavioral changes to reduce the commercial entities’ load.  Common recommendations 

were to replace exit signs with LED lamps (65 percent) and improve air tightness for air 

conditioned areas (56 percent). 

 

Overall Conclusions 

The CSI’s energy audit requirement is intended to increase solar customers’ awareness of 

EE, with the goal that the additional information would lead to implementation of 

recommendations resulting in smaller and more cost effective CSI installations.  Initially, the 

evaluation team attempted to use the audit data to:  1) observe how the audit information was 

being presented and used by CSI participants, and 2) determine how the required audit 

affected the EE practices of CSI participants by comparing the audit results with the actual 

EE measures implemented on-site as determined from the on-site survey.   

 

After reviewing the energy audit submittals, the evaluation team finds that:  1) it is not 

evident how CSI participants use the audit to implement additional EE measures prior to 

installing solar generation, 2) it is nearly impossible to assess the impacts of EE practices 

among CSI participants without additional data collection, and 3) it was not clear how the EE 

requirements and the solar installations were integrated to maximize the effectiveness of 

ratepayer incentives.  These findings arise from the following:  

 

 The CSI guidelines are not specific on submittal requirements to demonstrate that 

an energy audit had taken place.  This resulted in documentation that was 

inconsistent among the program participants sampled. 7  The lack of data therefore 

required other efforts be undertaken to determine the level of EE participation as a 

result of the CSI program. 
 

                                                 
7  In addition, there was a material effort among the CSI PAs to “minimize paperwork” and streamline all 

processes of the CSI program, which led to minimal documentation.   
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 The energy audit before July 1, 2009 did not require a signature from the program 

participant, so it is difficult to verify that the customer read and understood the 

recommendations, or was directly involved in the audit.  
 

 The CSI EE audits do not capture the customers’ intention to change or implement 

EE measures prior to solar installation, or the level of change8.  It cannot be 

determined whether EE improvements can be attributed to the EE audit mandated 

by the CSI program.  
 

 The CSI EE requirement does not explicitly integrate how implementing EE prior 

to solar installation will reduce the customers’ energy use and the size of their PV 

system.  
 

 Data from the IOUs were incomplete to track audit recommendations provided 

online.   

 

Based on these findings, next steps were identified to perform a comprehensive phone survey 

for CSI participants and on-site inspection to: 

 

 Investigate the customers’ recollection of the EE audit and assess its impact on 

consumer education. 
 

 Document the type and level of EE improvements the customer made as a direct 

result of the CSI’s audit requirement. 
 

 Observe the level of integration between EE and PV systems. 

 

The database compiled for the energy audit analysis informed the design of the customer 

phone survey by qualifying and quantifying the types of measures that were recommended to 

CSI customers.  

 

 

                                                 
8  The current guidelines, implemented in July of 2009, require a customer signature verifying receipt of EE 

recommendations as well as a notice of intent to implement specific EE measures. 
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4.4  Phone and On-Site Primary Data Collection Surveys 

The 2009 Impact Evaluation activities were expanded to include substantial primary data 

collection.  Seven distinct primary data collection efforts were dispatched to support 

objectives related to the program EE requirements and the performance of the PV systems.  

The primary data collection completed for this study includes phone survey of participants 

and nonparticipants, interviews with contractors installing program equipment, and on-site 

inspections at residential and nonresidential locations.  Table 4-4 summarizes the primary 

data collection efforts, as well as planned and actual completed surveys.  Only an overview 

of the survey, inspection, and sampling efforts are provided in this section; complete details 

are provided in the appendices.  The phone survey instruments are presented in Appendix B, 

the on-site inspection instruments are presented in Appendix C, and the sample designs and 

final dispositions are presented in Appendix D. 

 

Table 4-4:  Summary of Primary Data Collection Efforts 

Market Sector 

Participation 

Status 

Data Collection 

Technique 

Planned 

Completes 

Actual 

Completes 

Residential 
Participant 

Telephone Survey 600 639 

On-Site Inspection 140 143 

Nonparticipant Telephone Survey 600 601 

Nonresidential 
Participant 

Telephone Survey 
400 420 

On-Site Inspection 114 114 

Nonparticipant Telephone Survey 400 447 

Contractors Participant Telephone Survey 50  50 

   

Survey and Inspection Overview 

This section provides a brief summary of the phone survey and on-site inspection data 

collection efforts performed for the residential and nonresidential sectors, as well as the PV 

contractor phone survey.  The phone survey instruments are presented in Appendix B, and 

the on-site inspection instruments are presented in Appendix C. 

 

Participant Surveys 

The participant phone surveys were designed to gather EE adoptions and practices arising 

from the CSI program experience, with particular attention being paid to attribution of EE 

actions to the EE requirements set forth in the program.  They also collected information 

related to the sizing and maintenance of the PV system, and customer satisfaction data 

relating to program design and delivery.  In addition, the phone surveys were used to recruit 

customers for the on-site inspections. 
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On-Site Inspections 

The purpose of the on-site inspection was to examine the installed PV system and to verify 

and supplement EE information collected through phone surveys.  The PV system was 

examined for consistency with the PowerClerk systems regarding azimuth, tilt, mounting, 

and the quantity and type of modules and arrays.  EE measures recorded during the phone 

survey were inspected and key characteristics recorded.  The on-site engineer also 

investigated other changes at the site that would affect energy consumption, such as changes 

in facility operations or occupancy.  Finally, customers were interviewed regarding the role 

of EE investments in PV system sizing.  

 

Nonparticipant Surveys 

Nonparticipant surveys were conducted to provide a comparison group for the participants.  

The contrast between participant and nonparticipant characteristics highlights the ways in 

which CSI participants differ from those not participating in the CSI program.  Particular 

attention was paid to whether participants are more or less aware of EE opportunities and the 

frequency with which they adopt EE measures and practices.   

 

There are fundamental differences between the residential and nonresidential sectors in EE 

requirements, the supporting IOU EE audit tools and reports, and the typical appliance 

holdings and operations.  There are also differences in the sales practices, service offerings, 

and relevant experiences reported by PV contractors regarding EE and CSI participation.  For 

this reason, data collection, analysis, and reporting are frequently delineated by the 

residential and nonresidential segments.  Generally, data collection and strategies in support 

of the broader CSI impact evaluation combine residential and small commercial, breaking 

out large commercial into a separate category. 

 

Contractor Surveys 

Contractors play a key role in CSI program delivery, often assisting customers through the 

application process, including compliance with EE requirements.  Contractors are possibly 

best situated through this process to successfully recommend EE measures that can be timed 

in such a way to affect the sizing of the installed systems.  Program contractors also have a 

unique perspective on the CSI participant population and will have key input to 

understanding the way EE requirements and recommendations are understood by the 

customer, as well as when and why recommendations are implemented.  It was useful to have 

contractors describe the ways in which EE has typically been integrated into customer 

services and sales.    
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Sample Design Summary 

This section summarizes the sample designs for each of the five phone surveys and the two 

on-site data collection efforts.  Each data collection effort is supported by a unique data 

collection instrument and a tailored sample design.  Detailed descriptions of the sample 

design approach and final disposition for each sample are provided in Appendix D. 

 

Participant Samples 

The residential participant population was stratified by PA, CEC climate zone, CSI incentive 

type, and meter data presence.  Quotas reflected the incidence of these attributes in the 

population, except for an oversampling of metered sites for SCE and CCSE territories.  For 

the nonresidential participant phone survey, due to the relatively small total number of 

participants, a census of all participants was attempted.  For the on-site inspection sample, 

sites with performance data that indicated a substantial deviation from expected performance 

were flagged and given priority for the on-site inspection effort. 

 

Nonparticipant Samples 

The objective of the nonresidential nonparticipant sample design was to create a well-

matched control group for comparison to the participant survey results.  To ensure 

comparability and to isolate the defining characteristics of program participants, the 

nonparticipant samples were selected to match the surveyed participants as closely as 

possible in strata characteristics. 

 

Contractor Survey Sample 

The contractor sample frame was divided into four groups based on the average job size and 

volume of installations for each contractor.  The contractor sample design focused on the 

high volume installers, while also reaching out to the general population of installers for their 

perspectives on the program and the solar marketplace.  Average job size was used as a 

proxy for a concentration in the residential or nonresidential segment, with 10 kW used as the 

cutoff point.  Quotas were set proportionate to the percent of total installed capacity for each 

of the four groups, which are: 

 

 High volume installer with average job size less than 10 kW 

 High volume installer with average job size more than 10 kW 

 General installer with average job size less than 10 kW 

 General installer with average job size more than 10 kW 

 

A detailed description of each sample design and the final disposition can be found in 

Appendix D. 
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4.5  Survey Based Demographic/Firmographic Findings 

Certain demographic and firmographic characteristics were identified through the phone 

surveys that are not currently available within PowerClerk.  For example, in the residential 

segment, income level and details regarding appliance holdings are not stored in PowerClerk.  

Similarly, the age of nonresidential facilities is not present in PowerClerk for most of the 

nonresidential applicants.  This section presents a summary of the key characteristics 

collected through the surveys’ populations to enhance stakeholders’ contextual knowledge of 

the participant populations. 

 

Residential Demographic Findings  

The residential demographic findings show how well the sampled participants represent the 

participant population and the California population as a whole.  The evaluation team 

focused on certain key characteristics, including PA, income, climate zone, central air 

conditioning, and pool/spa ownership.  

 

Table 4-5 shows household income distributions by PA for the participants included in the 

phone survey.  Income distributions are roughly the same across the three PAs.  The 

evaluation team selected income categories based on multiples of the California median 

income (Table 4-6).   

 

As shown, the sample is skewed towards higher incomes.  More than 20 percent of the 

sample has incomes more than 100 percent above the median income whereas the 

represented population for the State is 13 percent (Table 4-7).  In addition, 17 percent of the 

sample is below the median income.9  

 

Table 4-5:  Participant Household Income by Program Administrator, Phone 
Survey Results 

Program 

Administrator 

Less 

than 

$35,000 

$35,000 

to 

$71,000 

$72,000  

to 

$141,000 

$142,000 

to 

$248,000 

$248,000 

to 

$318,000 

More 

than 

$318,000 

Refused/ 

Don't 

Know 

PG&E 1% 9% 23% 10% 3% 4% 11% 

SCE 1% 4% 9% 3% 1% 1% 6% 

CCSE 0% 2% 5% 2% 0% 1% 3% 

Total 2% 15% 37% 16% 4% 7% 19% 

 

                                                 
9  This distribution should be considered with caution because a large portion (19 percent) of the respondents 

refused to answer or did not know their household income.  This amount of missing data could potentially 

skew the income distribution in unknown ways. 
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Table 4-6:  California Median Income10 

Income Category Income 

50% below $35,356 

Median Income CA $70,712 

100% above $141,424 

200% above $212,136 

250% above $247,492 

350% above $318,204 

 

Table 4-7:  California Income Categories from U.S. Census11 

Income Category Percent 

Less than $35,000 28% 

$35,000 to $49,999 13% 

$50,000 to $74,999 18% 

$75,000 to $99,999 13% 

$100,000 to $149,999 15% 

$150,000 to $199,999 6% 

$200,000 or more 7% 

 

Table 4-8 shows the weighted percentages of the climate zone, central air conditioning, and 

pool/spa ownership by PA for the participants included in the phone survey.  Overall, the 

sample is evenly split between coastal and inland climate zones.  The PG&E part of the 

sample is slightly more coastal than inland.  The SCE portion is slightly more inland than 

coastal. 

 

Table 4-8:  Participant Demographics by Program Administrator (Phone 
Survey) 

Program 

Administrator 

Climate Zone Central AC Pool/Spa 

Coastal Inland Yes No Pool Spa Both None 

PG&E 36% 26% 38% 24% 5% 10% 10% 37% 

SCE 6% 19% 19% 6% 3% 4% 8% 9% 

CCSE 8% 5% 9% 4% 1% 3% 3% 6% 

Total 50% 50% 66% 34% 9% 17% 21% 53% 

 

Overall, 66 percent of the sample has central air conditioning (CAC).  Participants in PG&E 

territory are slightly less likely to have CAC than participants in the other IOU territories.  

                                                 
10 http://www.census.gov/hhes/www/income/4person.html 
11 http://factfinder.census.gov/servlet/ADPTable?_bm=y&-geo_id=04000US06&-

qr_name=ACS_2008_3YR_G00_DP3YR3&-ds_name=ACS_2008_3YR_G00_&-_lang=en&-_sse=on 

http://www.census.gov/hhes/www/income/4person.html
http://factfinder.census.gov/servlet/ADPTable?_bm=y&-geo_id=04000US06&-qr_name=ACS_2008_3YR_G00_DP3YR3&-ds_name=ACS_2008_3YR_G00_&-_lang=en&-_sse=on
http://factfinder.census.gov/servlet/ADPTable?_bm=y&-geo_id=04000US06&-qr_name=ACS_2008_3YR_G00_DP3YR3&-ds_name=ACS_2008_3YR_G00_&-_lang=en&-_sse=on
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Statewide, about 40 percent of California households have CAC.12  The higher incidence of 

CAC for the sampled participants may be related to the sample’s skew towards higher 

incomes. 

 

About half of the sample has a pool, spa, or both.  The distribution is about the same across 

the three PAs.  The 2002 Residential Appliance Saturation Survey13 (RASS) shows 9 percent 

of the California population operates a pool pump, and 8 percent has a spa.  Not surprisingly, 

the CSI participant population has much higher rates of these appliances, which typically 

consume significant electricity.  Homes with greater consumption, especially under the tiered 

structure, have shorter investment payback periods and a higher return on investment for 

solar generation.   

 

Table 4-9 shows the distribution of home size for participants that have a pool or a spa and 

for those that do not.  The distribution is shown across both coastal and inland regions.  

Within the coastal region, homes are typically smaller and less likely to contain a pool or spa.  

About 14 percent of coastal homes exceed 3,000 square feet, versus 22 percent of inland 

homes.  Inland homes are on average larger; 2,628 square feet versus 2,414 square feet for 

coastal homes.  Homes with a pool or spa are larger on average than those without.  The 

average participating home is 2,525 square feet, which exceeds the 1,784 square feet14 of the 

average single family detached home in California by more than 700 square feet.  Forty-one 

percent of participating homes in the coastal climate zone have a pool or spa, versus 54 

percent of inland homes. 

 

                                                 
12 2005 RECS Report.  http://www.eia.doe.gov/emeu/recs/contents.html  
13 California Statewide Residential Appliance Saturation Study, KEMA, June 2004. 
14 Ibid. 

http://www.eia.doe.gov/emeu/recs/contents.html


2009 CSI Impact Evaluation 

Other Data Collection 4-15 

Table 4-9:  Home Size and Pool and Spa Holdings by Climate Zone 

Pool or Spa Square Footage 

Climate Zone 

(N=639) 

Coastal Inland 

 No 

Less than 2,001 16% 9% 

2,001 to 3,000 11% 11% 

Greater than 3,000 2% 3% 

Average Sq. Ft. 
2,227 2,382 

2,300 

 Yes 

Less than 2,001 7% 6% 

2,001 to 3,000 8% 13% 

Greater than 3,000 5% 8% 

Average Sq. Ft. 
2,662 2,847 

2,768 

All Average Sq. Ft. 
2,414 2,628 

2,525 

* Totals may not add due to rounding 

 

Nonresidential Firmographic Findings 

Table 4-10 shows the business type distribution of the nonresidential phone survey 

respondents.  This survey was a census of all participating nonresidential customers 

throughout the 2007–2009 period.  Office buildings, agriculture, and manufacturing make up 

a little over half of the sampled customers.  Community service and schools together account 

for an additional 22 percent.   

 

Table 4-10:  Nonresidential Participant Business Activity Distribution 

Business Activity Total 

Office/Services 22% 

Agriculture 16% 

Community Service 12% 

School 10% 

Health Care 4% 

Manufacturing 14% 

Warehouse/Storage 6% 

Retail 5% 

Utilities 3% 

Other 9% 

Total 420 
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Table 4-11 breaks out the population by both business type and the age of the facility 

installing PV systems.  Overall, nearly 30 percent of surveyed participants report installation 

of PV on a new facility.  Statewide for most business types, there are two to five times more 

existing facilities than new facilities participating in the CSI program.  There is one notable 

exception:  agriculture, where the rate of installation in existing facilities is only 1.3 times the 

installation rate in new facilities.  This is because ground mount systems are considered new 

construction and are more prevalent in an agricultural setting.   

 

Table 4-11:  Nonresidential Business Types by Age of Facility 

Business Activity 

Building Age 

New Construction Existing Building 

Office/Services 5% 17% 

Agriculture 7% 9% 

Community Service 2% 10% 

School 2% 8% 

Health Care 1% 3% 

Manufacturing 3% 11% 

Warehouse/Storage 2% 4% 

Retail 1% 4% 

Utilities 1% 2% 

Other 4% 5% 

Total 121 299 
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Table 4-12 shows the business activity segmented by institution type (from PowerClerk): 

commercial, governmental, or non-profit organizations.  The government and non-profits 

combined make up over 30 percent of the sample population.  Compared to the entire 

installed population the phone survey was very close to total population with a slight 

oversampling from the non-profit sector. 

 

Table 4-12:  Nonresidential Business Activity by PowerClerk Sector 

Business Activity 

PowerClerk Sector (N=420) 

Commercial 

(N=287) 

Government 

(N=65) 

Non-Profit 

(N=68) 

Office/Services 17% 3% 2% 

Agriculture 16% 0% 0% 

Community Service 2% 3% 7% 

School 1% 4% 5% 

Health Care 2% 1% 1% 

Manufacturing 13% 0% 0% 

Warehouse/Storage 5% 0% 0% 

Retail 5% 0% 0% 

Muni/Water Utilities 0% 2% 0% 

Other 7% 1% 1% 

Total phone sample 68% 15% 16% 

Total Installed Pop 69% 18% 13% 

 

Table 4-13 further details the distribution of the phone survey respondents by key 

firmographic characteristics.  The table shows the system size and business activity 

distribution segmented by a number of other key characteristics:  climate zone, third party 

ownership, building age, and incentive type.  Each number shown in the table is a percentage 

of the surveyed population, which includes 420 nonparticipating customers. 

 

Among the most common business types, office and agriculture, the distribution across 

coastal and inland climate zones as well as system size is very even.  In fact, it is nearly 

identical.  Community service and schools are more commonly larger systems than smaller, 

and more commonly coastal than inland.  Manufacturing, at 13 percent of respondents 

overall, is nearly always large systems with third party ownership.   
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Table 4-13:  Business Type and System Size Distribution by Climate Zone 
Ownership, Building Age, and Incentive Type 

Business Type 

Climate Zone Ownership 

Coastal Inland 

Third Party 

Owned Host Owned 

Greater 

than 10 

kW 

Less 

than 10 

kW 

Greater 

than 10 

kW 

Less 

than 10 

kW 

Greater 

than 10 

kW 

Less 

than 

10 kW 

Greater 

than 10 

kW 

Less 

than 10 

kW 

Office 7% 7% 4% 5% 2% 0% 9% 11% 

Agriculture 4% 4% 4% 4% 1% 0% 7% 7% 

Manufacturing 6% 1% 5% 1% 3% 0% 9% 2% 

Community 

Service 5% 3% 3% 1% 2% 0% 6% 4% 

School 5% 1% 3% 1% 4% 0% 4% 2% 

Warehouse/ 

Storage 2% 0% 3% 0% 0% 0% 5% 1% 

Retail 2% 0% 2% 0% 2% 0% 3% 0% 

Health Care 1% 1% 1% 1% 0% 0% 2% 1% 

Utilities 1% 0% 1% 0% 0% 0% 2% 0% 

Other 3% 3% 2% 1% 1% 0% 4% 4% 

Total 37% 20% 29% 15% 15% 2% 50% 33% 

Business Type 

Building Age Incentive Type 

New Construction Existing Bldg. PBI EPBB 

Greater 

than 10 

kW 

Less 

than 10 

kW 

Greater 

than 10 

kW 

Less 

than 10 

kW 

Greater 

than 10 

kW 

Less 

than 

10 kW 

Greater 

than 10 

kW 

Less 

than 10 

kW 

Office 2% 3% 9% 8% 3% 0% 8% 11% 

Agriculture 4% 3% 5% 5% 4% 0% 5% 8% 

Manufacturing 2% 1% 10% 1% 6% 0% 5% 2% 

Community 

Service 2% 0% 6% 4% 3% 0% 5% 4% 

School 2% 0% 6% 2% 4% 0% 3% 2% 

Warehouse/ 

Storage 2% 0% 3% 0% 2% 0% 3% 1% 

Retail 1% 0% 4% 0% 3% 0% 1% 1% 

Health Care 1% 1% 2% 1% 0% 0% 2% 1% 

Utilities 1% 0% 1% 0% 2% 0% 1% 0% 

Other 2% 2% 3% 2% 2% 0% 3% 4% 

Total 18% 11% 48% 24% 30% 1% 36% 34% 

* Totals may not add due to rounding 
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Table 4-14 shows the PAs segmented by various customer characteristics, including climate 

zone, system ownership, building age, and CSI incentive type.  PG&E and CCSE have 

similar climate zone distributions with about two-thirds coming from coastal regions; 

conversely the climate zone distribution for SCE is predominantly (80 percent) coming from 

inland regions.  The ownership trends are fairly stable, across all three PAs with a preference 

for host ownership ranging between 81-87 percent.  The distribution of construction type 

(existing or new) and CSI incentive types are also similarly spread across all three PAs. 

 

Table 4-14:  Program Administrators by Climate Zone, Ownership, Building 
Age, and Incentive Type 

Program 

Administrator 

Climate Zone Ownership 

N Coastal Inland 

Third 

Party 

Owned 

Host 

Owned 

SCE 20% 80% 19% 81% 85 

PG&E 66% 34% 17% 83% 305 

CCSE 70% 30% 13% 87% 30 

Program 

Administrator 

Building Age Incentive Type 

N 

New 

Construction 

Existing 

Building PBI EPBB 

SCE 27% 73% 34% 66% 85 

PG&E 30% 70% 29% 71% 305 

CCSE 20% 80% 33% 67% 30 

 

Table 4-15 shows the distribution of PV system sizes across the three PAs.  Again, we see an 

even distribution across all three with 53-60 percent of customers installing PV systems 

smaller than 30 kW, 18-20 percent of customers installing systems between 30-100 kW, and 

21-27 percent of customers installing large PV systems over 100 kW. 

 

Table 4-15: Program Administrators by PV System Size 

Program 

Administrator 

PV System Size 

Total 

< 10 

kW 10-30 kW 30-50 kW 

50-100 

kW 

> 100 

kW 

SCE 28% 29% 9% 9% 24% 85 

PG&E 36% 24% 10% 9% 21% 305 

CCSE 40% 13% 10% 10% 27% 30 
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4.6  Overall Conclusions 

The goal of the phone survey was for it to be as reflective as possible of the total population 

as well as provide additional information that was not tracked in PowerClerk.  In addition to 

the EE behavior, the evaluation team wanted to track other key variables believed to be 

determinants of CSI participation:  appliances installed, industry background, and ease of 

installing solar through new construction. 

 

Through the phone survey we were able to do this with a fair degree of success.  These data 

will be leveraged in other sections to add the additional depth required to:  

 

 Investigate the customers’ recollection of the EE audit and assess its impact. 
 

 Document the type and level of EE improvements the customer made as a direct 

result of the CSI’s audit requirement. 
 

 Observe the level of integration between EE and PV systems. 
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5 
 
CSI Program Impacts Peak Demand and Emissions 

 

This section presents the results of the CSI program impact on the following areas: energy 

delivery; peak demand reduction; resource adequacy; expected performance of systems, and 

Green House Gas emissions reductions including CO2, PM-10 and NOx.   

 

 

5.1  Overall Program Energy Impacts 

This section provides annual energy and non-coincident demand impacts for the overall 

program as well as for each PA.  Electrical energy and demand impacts were estimated for 

projects completed or deemed to be active on-line prior to January 1, 2010.  Impacts were 

estimated using available metered data and information on system characteristics.  

Information on system characteristics came from project tracking systems maintained by the 

PAs.  Appendix E of this report provides a description of the data analysis, methodology and 

treatment of statistical uncertainty. 

 

By the end of 2009, there were 24,938 complete or active on-line CSI solar systems 

providing nearly 285 MW of electric generating capacity.  Table 5-1 provides the estimated 

quantity of electric energy (in megawatt-hours) delivered by CSI facilities for each quarter 

throughout calendar year 2009.   

 

Table 5-1:  Estimated CSI Statewide Energy Impact (PV Generation) in 2009 by 
Quarter* 

Q1 Q2 Q3 Q4 Total 

(MWh) (MWh) (MWh) (MWh) (MWh) 

60,486 118,021 130,614 81,630 390,750 

*The uncertainty on all of these estimates is better than 90/10 confidence level. 

 

The entire CSI program was broken up by similar groups or Strata to allow metered systems 

to estimate performance of unmetered systems.  Strata used for estimation are Program 

Administrator, configuration (Near Flat, Titled, Tracking,) locale (Inland vs. Coastal,) 

program (Residential & Small Commercial vs. Large Commercial,) and incentive type 
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(EPBB vs. PBI.)  Metered systems were used to estimate performance of unmetered systems 

that did not share all strata characteristics in only 1.1 percent of the total impact in 2009. 

 

CSI projects generated over 390,000 MWh of electricity during 2009; over three times the 

amount generated in 20081.  That energy was enough to meet the electricity requirements of 

approximately 66,000 homes for a year.2  CSI projects are located at utility customer sites 

where they help meet local electricity requirements.  Consequently, the over 390,000 MWh 

of electricity provided by CSI facilities during 2009 represents electricity that did not have to 

be generated by central station power plants or delivered by the transmission and distribution 

system.   

 

In addition to examining the amount of energy delivered annually by CSI PV systems, it’s 

also valuable to know the variation in energy delivery during the course of the year.  

Weighted annual average capacity factors (CFs)3 were developed for all systems by 

comparing annual generation to maximum possible generation (i.e., generation at full 

capacity for the time that the system was operational).  For example if a 1 kW PV system 

provided 6 kWh of energy over a 24 hour period the capacity factor of that system would be 

25 percent (i.e., 6 kWh / (1kW*24 hours)).   

 

Consequently, capacity factor is useful in providing insights into the capability of a 

generating technology to provide power during a particular time period.  For example, annual 

capacity factors indicate the fraction of energy that could, on average, be expected from that 

technology over the course of a year.  Similarly, average monthly capacity factors represent 

the fraction available, on average, during any particular month.  Weighted average monthly 

capacity factors for 2009 are shown in Figure 5-1.     

 

                                                 
1  118,489 MWh were estimated to be generated by CSI systems in 2008. 

2  Assuming the typical home consumes approximately 5,914 kWh of electricity per year.  From the California 

Statewide Residential Appliance Saturation Study Final Report, June 2004, www.energy.ca.gov/reports/400-

04-009/2004-08-17_400-04-009ALL.PDF.  Value derived from Figure 1 on page 3 of the Executive 

Summary. 
3  Annual capacity factors are weighted by the capacity contribution from each facility 
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Figure 5-1: Weighted Average 2009 Estimated Capacity Factors by Month for 
All Systems 
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Note that capacity factors during the summer months peaked at over 0.25 in July and dropped 

below 0.1 in December.  The weighted annual average estimated capacity factor for all 

installed CSI PV systems in 2009 was 0.20.  The commercial systems have a higher capacity 

factor in part because systems included in these are more likely to be tracking systems which 

have a much higher capacity factor than a flat system. 
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PA-Specific Energy Impacts 

Table 5-2 provides annual energy impacts for CSI projects by each PA for 2009, the 

corresponding number of PV systems installed by the end of 2009, and the estimated annual 

capacity factor. 

 

Table 5-2:  Estimated CSI Annual Energy Impacts by PA (MWh) 

 

Program PV Systems PV Systems 

PV 

Generation 

Annual Capacity 

Factor 

Administrator (n) (MW) (MWh) (kWh/kWp) 

PG&E 15,613 164.1 225,063 0.20 

SCE 6,231 93.0 126,850 0.20 

CCSE 3,139 27.4 38,837 0.21 

Total 24,983 284.5 390,750 0.20 

* The uncertainty on all of these estimates is better than 90/10 confidence 

** CCSE is the program administrator of the CSI program in SDG&E’s service area. 

 

PV systems installed in the PG&E area are estimated to have supplied slightly over 58 

percent of the total electricity delivered by the CSI in 2009, whereas SCE and CCSE systems 

are estimated to have supplied approximately 32 percent and 10 percent, respectively.  The 

magnitude of electricity delivery in the PG&E territory is not surprising given that PG&E 

had over 15,600 PV systems representing 164.1 MW in 2009; over 62 percent of all systems 

and nearly 58 percent of the installed capacity. 

 

The 2009 average annual capacity factors in Table 5-2 are somewhat higher than those seen 

in the Self Generation Incentive Program (SGIP,) where the statewide average annual 

capacity factor in 2009 was 0.175.  This difference could be due to a number of factors: 

 

 System Degradation; the average age of CSI systems is 1 year whereas the average 

of SGIP systems is approximately 4 years.  Older systems tend to produce less 

energy due to module degradation and increased outages due to maintenance, and 

component failures. 
  

 CSI systems are more likely to be tilted and more likely to be facing southwest.  

Near Flat and Tilted systems are in approximately a 1:1 ratio in the CSI program 

and a 3:1 ratio in SGIP.  Tilted systems tend to have higher annual and peak 

capacity factors because the panels are pointed more directly at the sun. 
  

 System technology and installation improvements may be resulting in more 

efficient systems. 
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5.2  Peak Electricity Demand Impacts 

This section presents estimates of the CSI program as a whole on peak electricity demand.  A 

program-wide examination of peak demand impact was based on the electricity produced by 

CSI projects coincident to the California Independent System Operator (CAISO) system peak 

for 2009.   

 

Program Peak Demand Impacts 

The ability of CSI projects to supply electricity during times of peak demand represents a 

critical impact.  By providing electricity directly at the customer site during peak hours, CSI 

facilities potentially reduce the need for utilities to power up peaking units to supply 

electricity to these customers.  As a result, the CSI may provide grid benefits by alleviating 

the need to dispatch potentially older, more polluting, and more expensive peaking 

generators as well as decreasing transmission and distribution line congestion.  In addition, 

CSI projects provide potential cost savings to their host sites.   

 

Peak loads and dates of the CAISO peaks for 2009 are listed in Table 5-3.  The CAISO 

annual system load peaked for 2009 from 2:00 to 3:00 p.m. Pacific Standard Time (PST) 

(3:00 pm to 4:00 pm PDT).4  The peak was slightly below 46,000 MW whereas the peak for 

both 2007 and 2008 was slightly above 46,000 MW.  

 

Table 5-3:  Loads and Dates of CAISO System Peak for 2009 

Year 

Peak Load 

(MW) Date and Time 

2009 45,994 September 3, 2:00 to 3:00 P.M. (PST) 

 

                                                 
4  Unless otherwise stated, all time in this report are listed as Pacific Standard Time. 
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Table 5-4 shows the number of systems which were online during the CAISO peak in 2009.5  

This table also provides information on the overall CSI program impact on electricity 

demand coincident with the CAISO system peak loads in 2009.  Hourly Capacity Factor (CF) 

is defined as the energy generated during that hour (kWh) divided by the nominal rated AC 

capacity during ideal conditions (kWp.) 

 

Table 5-4:  Estimated Demand Impact Coincident with CAISO System Peak* 

Program PV Systems 

PV 

Systems 

PV 

Generation 

Hourly Capacity 

Factor 

Administrator (n) (MW) (MWh) (kWh/kWp) 

PG&E 12939 139.5 87.2 0.62 

SCE 5005 82.8 43.3 0.52 

CCSE 2198 22.6 13.6 0.60 

All 20142 245.0 144.0 0.59 

* The uncertainty on all of these estimates is better than 90/10 confidence 

 

In 2009, there were over 20,100 systems online at the time of the CAISO system peak.  

While these online systems had a CEC AC capacity of approximately 245MW (nearly 4x the 

capacity online during the 2008 peak), their generating output for that hour was estimated to 

be 144 MWh based on available metered data.  Consequently, based on available metered 

data, CSI systems had a peak hour capacity factor of 0.59 at the time of the 2009 CAISO 

system peak.  The peak hour capacity factor of SCE was somewhat lower than other areas for 

2009.  We believe this to be correlated with the wild fires in the Los Angeles metropolitan 

area at this time which included the Station Fire that was only partially contained at the time 

of this system peak.6 

 

Figure 5-2 shows the estimated hourly impact of CSI projects on the 2009 CAISO system 

peak.  Based on the available metered data, CSI system generating capacity increased 

steadily from 8 am to 11 am; remained fairly level from 11 am to1 pm and then declined 

steadily through the rest of the afternoon.  This overall generation profile is typical of PV 

systems.  The peak capacity factor at solar noon on the peak day in 2009 is approximately 

0.72.  This is less than 1 due to a number of possible reasons: 

 

 The peak CAISO day load is usually driven by cooling demand on a hot day, when 

PV panels do not perform quite as efficiently as when tested at 20°C (68°F) 

                                                 
5  The number of on-line systems for both years is lower than the on-line number for at the end of the year.    

Approximately 4,800 more systems were installed between September t 3, 2009 and December 31, 2009.  

See table 2-5 for quarterly details. 
6  The Station Fire burned 251 square miles in the Los Angeles metro area.  It began August 26, 2009 and was 

100% contained October 16, 2009. 
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 In 2009, the CAISO fell relatively late in the year after most of the summer when 

dust and dirt builds up on panels (also know as soiling) to reduce performance and 

before the winter rains wash those systems that are not cleaned during regular 

service. 
  

 The estimated production includes metered data for some systems that are not 

generating due to maintenance or other problems. 

 

 

Figure 5-2:  Estimated Hourly CSI Impact on CAISO 2009 System Peak 
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A similar analysis was performed looking at the individual peaks of the three utility service 

areas.  With the exception of PG&E, the other IOU peaks were on the same day and hour as 

the CASIO system wide peak, September 3, 2009 from 2 to 3 PM PST. 

 

Table 5-5 shows the number and estimated capacity of PV systems online during the IOU 

system peaks by PA and the associated impact on the IOU peak  

 

Table 5-5:  Estimated PA-Specific IOU Peak Impacts* 

Program 

Administrator 

Date and 

Time (PST) 

PV 

Systems 

(n) 

PV Systems 

(MW) 

PV 

Generation 

(MWh) 

Capacity 

Factor 

PG&E 
July 14,  

3:00 to 4:00 PM 12,003 131.7 79.2 0.60 

SCE 
September 3, 

2:00 to 3:00 PM 5,005 82.8 43.3 0.52 

CCSE 
September 3, 

2:00 to 3:00 PM 2,198 22.6 13.6 0.60 

* The uncertainty on all of these estimates is better than 90/10 confidence 

 

 

5.3  PV’s Effective Capacity during the Top 100 hours of CAISO 
Demand 

As noted earlier, the ability of distributed generation systems to provide electricity at the time 

of the CAISO or utility-specific peak demand is important.  Electricity generated from CSI 

PV facilities means potentially less need for the utility to power up peaking facilities and 

transfer electricity through the T&D system.  However, the CAISO peak or utility-specific 

peak represents only a single hour of the entire 8760 hours per year.  Consequently, 

examining only the impact on peak hour demand, while helpful, does not indicate the extent 

to which the utilities can rely on obtaining electricity from the PV resource over the course of 

the year.  In late 2004, the CPUC began investigating standardized definitions and 

procedures for quantifying resource adequacy.  Resource adequacy is used for determining 

the amount of resources that must be procured by load-serving entities (LSEs) to ensure 

supplies are sufficient to meet anticipated demand and does not include distributed 

generation.  Resource adequacy, however, is more amenable to large scale systems 

connected, by definition, to the utility side of the meter.   

 

A more useful method to evaluate how effective distributed generation is at meeting demand 

during critical periods is to examine system performance during the top hours of demand.  

This was done by first determining the time and day of the top 100 hours of CAISO level 

demand and the statewide estimated CSI system generation during each of those hours.  That 

estimated generation is then divided by the system capacity operational during each hour to 
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determine an hourly capacity factor.  Capacity factor was used to account for program 

growth from 150 MW at the start of 2009 to nearly 285 MW at the end of 2009. 

 

Effective Capacity Results 

The mean statewide hourly capacity factor (CF, as defined in section 5.2  during the top 100 

CAISO demand hours is shown by hour of the day in Figure 5-3.  Also plotted (using a red 

line,) is the fraction of the top 100 hours that fall in that hour.  Table 5-6  lists the months that 

the top 100 CAISO demand hours fall in. 

 

Table 5-6: Months of Top 100 CAISO Demand Hours 

Month Hours 

July 10 

August 36 

September 54 

 

Figure 5-3:  Capacity Factor (CF) during High CAISO Demand Hours 
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The 100 hours with the highest CAISO demand levels occurred in three different summer 

months (July, August, and September), and during several different hours of the day (10 AM-
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6 PM).  Previously we saw that the annual peak occurred during the hour of 2-3 PM.  In 

Figure 5-3 we see that a total of 20 of the 100 highest CAISO demand values occurred during 

that hour of the day and another 21 in the following hour (3-4 PM.).  There was a steep 

decline from 3-4 PM to the next hour (4-5PM, 12 percent of the 100 highest-CAISO demand 

hours).  Conversely, the hours of 1-2 (18 hours) and 2-3 (19 hours) accounted for relatively 

large portions of the highest-CAISO demand hours.  Collectively, the three-hour period 1-4 

PM accounted for more than 60 percent of the 100 highest-CAISO demand hours.  CAISO 

high-demand hours and PV system high-generation hours are offset.  PV system performance 

is around noon, whereas the highest CAISO demand values tend to occur later in the day. 

 

Figure 5-4: Tracking System Capacity Factor (CF) during Top Demand Hours 
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Figure 5-4 shows the weighted mean hourly capacity factor during the top 100 CAISO 

demand hours for tracking systems.  Tracking systems significantly raise the hourly capacity 

factor later in the afternoon to better match production to periods of high demand.  West 

facing systems shift the production peak towards the afternoon, better matching the demand 

curve at the expense of delivering slightly lower annual energy.  In later sections on billing 

and profiles we can see how above generation and on-site usage can be combined. 
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5.4  Comparison of Estimated to Expected Performance 

The expected annual average output of CSI systems is currently calculated during the 

incentive application process.  These expected average outputs are used to calculate incentive 

payments for EPBB systems and allow Program Administrators to plan payments for PBI 

systems. 

 

Section 3 compared measured to expected performance for metered systems with nearly a 

full year of data.  This section compares the combined measured and estimated output for all 

of the systems installed under the CSI program to the expected performance for all systems 

installed.  Also, this comparison includes all metered and estimated impacts for 2009. 

 

Comparisons of estimated annual capacity factor (as calculated in section 5-1) based on 

estimates of system wide generation to expected annual capacity factor provide one way to 

assess actual performance of installed systems.  While this comparison is a meaningful cross-

check, it is subject to at least three limitations.  First, information regarding expected 

performance pertains to average performance.  Information regarding expected performance 

during any individual year is not available.  Second, estimates of actual impacts are subject to 

uncertainty due to sampling error. Third, the growth of installed capacity in late 2009, when 

energy production is somewhat lower, can lower the estimated actual performance slightly. 

 

The expected annual capacity factor is calculated through the following steps: 

 

1. Calculate an expected hourly capacity factor for each site by dividing the 

expected annual production reported by PowerClerk by installed capacity by 

8760 (number of hours in one year.) 
  

2. Calculate an overall average capacity factor weighted by the product of 

capacity and hours of operation. 

 

The 90 percent confidence level error bounds for actual and expected performance for 2009 

are depicted graphically in Figure 5-5 for all EPBB Systems, all PBI Systems (including 

tracking systems), and all Fixed PBI Systems.  The 90 percent confidence level error bounds 

for the expected performance are based on historical solar resource variation.  The 

methodology for estimating uncertainty for actual performance is described in Appendix E.   
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Figure 5-5:  Comparison of Estimated Actual and Expected Annual Capacity 
Factors for 2009 by Incentive Type 
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Much like in Section 3, we can observe that the capacity factors for PBI systems are slightly 

above the uncertainty bounds in relation to the estimated annual capacity factor.  When 

tracking systems are excluded, however, the annual performance of PBI systems is somewhat 

lower but is still better than expected.  For EPBB systems, performance is above the expected 

average but still within the uncertainty bounds for the estimated annual capacity factor7.  

These differences could be due to a few reasons including: 

 

 The solar insolation in 2009 may have been higher than the TMY2 (Typical 

Metrological Year Data) average used to estimate expected performance; or  
  

 The metered systems used to estimate system wide performance currently are 

slightly out-performing their estimated annual capacity factors. 

                                                 
7  EPBB systems are almost entirely fixed so excluding tracking systems from EPBB systems has no 

noticeable effect on annual capacity factors.   
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5.5  Emission Impacts Key Objectives 

This section describes the impacts installation of CSI PV projects had on CO2, NOx, and 

PM10 emissions for 2009.  The evaluation team estimated the avoided amounts of these three 

pollutants as they comprise the majority of the air and GHG pollutants associated with 

electrical generation.  While the estimated emissions impacts are for 2009, the amount of 

CSI-related PV assessed is cumulative, and therefore includes capacity installed from 2007 to 

2009. 

 

A variety of approaches exist to estimating GHG emissions and air pollutant reductions from 

the installation of PV systems.  Three approaches are noted here, each of which gauges what 

type of generation would likely have produced electricity in lieu of the installed PV.   

 

The first approach, referred to here as the Avoided Cost approach, is derived from the 

Avoided Cost calculator developed by Energy and Environmental Economics (E3) and uses 

hourly price data.  The second approach, referred to here as the Plant Schedule approach, was 

developed by KEMA, and uses plant schedule data from the California Independent System 

Operator (CAISO).  The third approach, referred to here as the Generator Bid approach, was 

developed by KEMA, and uses real-time generator bid data from the CAISO.  Each method 

has its drawbacks and benefits, which are detailed below.  The intent of using multiple 

approaches to estimate the CSI emissions impact is to draw from the benefits of each and to 

assess the extent of the different limitations and their impact on the emission results.  

 

The following sections outline the methodologies behind both approaches, present the results 

of each approach, and contrasts methodologies and results. 

 

Analysis Approaches 

To estimate emissions reductions the analyses approximate what types of generation would 

have produced electricity in lieu of the PV.  Once generation types are identified, the 

analyses estimate emissions rates for the electricity produced by these types.  All approaches 

assume that PV-based generation likely displaced centralized natural gas plants operating on 

the margin.  The approach to identifying natural gas plant types varies, as described below. 

 

Avoided Cost Approach 

The Avoided Cost approach pairs an estimate of the hourly emissions rates from natural gas 

generation on the margin with estimates of PV production, throughout the course of a year.  

The hourly emissions estimates are derived from E3’s Avoided Cost Calculator and the PV 

production estimates are derived by Itron from aggregating utility PV production data.       
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To estimate natural gas generation emissions, E3 assumes a mix of high-efficiency and low-

efficiency plants in operation, with the mix varying over the course of a day.  To indicate 

how the mix might vary by hour, E3 examines hourly market prices.  As price increases, the 

model assumes that less efficient generation increases its contribution, increasing the 

weighted average heat rate.  In particular, the model derives hourly heat rates from the hourly 

price shape by finding the average price over the year and developing a ratio to indicate how 

prices move from this point.  Then, a heat rate of 6,924 Btu/kWh is associated with the 

average price or a price shape of 100 percent, and the hourly heat rate moves upward or 

downward as a multiple of the price shape.  This average heat rate of 6,924 represents the 

average heat rate of a new combined cycle gas turbine.   

 

The E3 calculation places bounds on the maximum and minimum heat rate for generation.  

E3 assumes a maximum heat rate, associated with low-efficiency plants, of 12,500 Btu/kWh.  

The minimum heat rate of 6,900 Btu/kWh is associated with high efficiency plants.  E3 set 

minimum heat rate based on production simulation runs completed for California Public 

Utilities Commission and California Energy Commission joint proceedings on GHG 

emissions.8  The simulations indicated that the best possible performance of natural gas 

generating units is about 6,900 Btu/kWh.  E3 set the high range to reflect a typical heat rate 

of an older combustion turbine.  Figure 5-6 illustrates how the heat rate changes over the 

hour as price shape changes, for a sample day of February 9, 2009.  Because of the minimum 

and maximum boundaries placed on heat rate, the heat rate maintains its value between 6,900 

and 12,500 Btu/kWh throughout the day, despite a drop in the price curve in the early hours.   

 

                                                 
8  CPUC Rulemaking 06-04-009 and CEC Docket #07-OIIP-01 
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Figure 5-6 Sample Hourly Price Shape and Heat Rate (2-9-09) 
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Once heat rates are determined on an hourly basis, the hourly emissions rates are estimated 

using the minimum emissions rate (see emissions rates for the high efficiency plant) and a 

fixed ratio of emissions per implied heat rate.  Table 5-7 illustrates the assumed emissions 

rates for the high and low efficiency plants. 

 

Table 5-7:  Estimated Emissions Rates by Plant Type 

 

CO2 

(tons/MWh) 

PM10 

(lbs/MWh) 

NOx 

(lbs/MWh) 

Low Efficiency Plant 0.731 0.090 0.2320 

High Efficiency Plant 0.404 0.056 0.0729 

Slope (Emissions/Implied Heat rate) 5.85E-05 5.93E-06 2.84E-05 

 

E3 derived the relationship between heat rate and emissions rate, for PM10 and NOx 

pollutants, from a 2004 report by E3 and the Rocky Mountain Institute which examined 
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publicly available permit data for California natural gas generating plants.9  To estimate CO2 

emission rates, E3 multiplied the heat rate by a constant factor of 117 lbs/MWh, based on the 

carbon content of natural gas.  Table 5-8 illustrates results from the E3 model, hourly 

emissions rates, for a sample day of February 9, 2009. 

 

Table 5-8:  Sample Hourly Emissions Rate Estimates (2-9-09) 

Hour 

 

Price 

Shape 

Implied Heat Rate 

(btu/kWh) 

CO2 

(tons/MWh) 

PM10 

(lb/MWh) 

NOx 

(lbs/MWh) 

12-1 AM 87% 6900 0.4036 0.0564 0.0729 

1-2 AM 86% 6900 0.4036 0.0564 0.0729 

2-3 AM 85% 6900 0.4036 0.0564 0.0729 

3-4 AM 85% 6900 0.4036 0.0564 0.0729 

4-5 AM 91% 6900 0.4036 0.0564 0.0729 

5-6 AM 101% 6973 0.4079 0.0568 0.0750 

6-7 AM 105% 7292 0.4265 0.0587 0.0840 

7-8 AM 110% 7642 0.4470 0.0608 0.0940 

8-9 AM 115% 7962 0.4658 0.0627 0.1031 

9-10 AM 118% 8156 0.4771 0.0639 0.1086 

10-11 AM 119% 8231 0.4815 0.0643 0.1107 

11-12 PM 117% 8113 0.4746 0.0636 0.1073 

12-1 PM 116% 8035 0.4700 0.0631 0.1051 

1-2 PM 114% 7893 0.4617 0.0623 0.1011 

2-3 PM 113% 7790 0.4557 0.0617 0.0982 

3-4 PM 112% 7726 0.4519 0.0613 0.0963 

4-5 PM 114% 7871 0.4604 0.0622 0.1005 

5-6 PM 127% 8821 0.5160 0.0678 0.1275 

6-7 PM 129% 8956 0.5239 0.0686 0.1313 

7-8 PM 127% 8779 0.5135 0.0675 0.1263 

8-9 PM 121% 8398 0.4913 0.0653 0.1154 

9-10 PM 112% 7757 0.4537 0.0615 0.0972 

10-11 PM 107% 7406 0.4332 0.0594 0.0873 

11-12 PM 99% 6900 0.4036 0.0564 0.0729 

 

Once the emissions rates are determined, the analysis develops annual emissions estimates by 

region by aligning hourly PV data with the hourly mixed emission rates to calculate the 

offset emissions.   

 

                                                 
9  E3 and RMI.  Methodology and Forecast of Long Term Avoided Costs for the Evaluation of California 

Energy Efficiency Programs.  October 2004.  Available online at: 

http://www.ethree.com/CPUC/E3_Avoided_Costs_Final.pdf  

http://www.ethree.com/CPUC/E3_Avoided_Costs_Final.pdf


2009 CSI Impact Evaluation 

Program Impacts Peak Demand and Emissions 5-17 

Plant Schedule Approach 

The Plant Schedule approach also pairs an estimate of the hourly emissions rates from natural 

gas generation on the margin with estimates of PV production.  However, the selection of 

natural gas plants are based on plant schedules obtained from the CAISO rather than hourly 

price data.  In addition, due to the limited availability of CAISO data, the Plant Schedule 

approach estimates emissions for a sample of 2009 days, and extrapolates them to the year. 

 

To select days which represent average conditions over the course of the year, we examined 

factors such as relative load, relative PV amounts and relative hydropower amounts, along 

with other factors such as intermittency in wind (which would impact generator 

commitment).  We also selected days across seasons.  Table 5-9 outlines the days selected to 

represent the system over the course of the year.   

 

Table 5-9:  Plant Schedule Analysis Days 

Date (2009) 

 

Day 

 Relative Load Relative PV Relative Hydro  

February 9 Monday Low Low Low 

May 16 Saturday Low High Medium 

July 13 Monday High High High 

November 12 Thursday Medium Low Low 

 

With these days selected, we examined the plants scheduled to run for each day and 

compared the schedules to the estimated hourly PV production.  Based on the daily plant 

schedule, we observed which power plants were available for generation, not having already 

been scheduled.  We then compared available plants’ hourly capacities to the hourly PV 

production estimates and selected plants likely to produce in lieu of the PV.   

 

As multiple units had available capacities, we selected units based on age and type.  Plant age 

was used as an estimate of cost of generation, with newer plants units assuming to be more 

efficient and able to put in cheaper bids on the average.  Regarding type, we selected 

combustion turbine and combined cycle gas turbine units only, allocating combined cycle 

unites to pre-peak periods and combustion turbines to peak and post-peak periods.  The 

resulting heat rates ranged from 6,320 to 10,430 btu/kWh.  The CO2 emissions rates ranged 

from 750 to 1,240 lb/MWh and the NOx emission rates ranged from 0.0480 to 0.120 

lb/MWh.  

 

Once we identified specific plants likely to ‘make up’ for the PV generation, we gathered 

information about select plants’ emission rates from the Environmental Protection Agency’s 

eGRID database.  The eGRID database provides estimated heat rates and emission rates per 

plant.  Using the eGRID emission rates and estimated production (based on PV production), 
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we developed hourly emissions estimates per day.  We weighted these daily emissions up to 

a year by assuming the days represent their seasons.  As eGRID does not contain information 

on plant PM10 emission rates, we used the same conversions from heat rate as the Avoided 

Cost approach.  

 

Generator Bid Approach 

The Generator Bid approach is similar to the Plant Schedule approach, except that it uses 

public bid data to select plants, rather than plant schedules.  The calculation of emissions is 

the same once generation is selected.  In addition, a similar constraint on data availability 

existed, resulting in a subset of days being used for the calculation.  Because the CAISO 

market underwent a structural change in April 2009, only data after April 2009 was available.  

As such, the team used only the May, July and November days, and not the February day.  

The resulting heat rates ranged from 5,560 to 7,860 btu/kWh, the CO2 emissions rates ranged 

from 930 to 660 and the NOx emissions rates ranged from 0.0880 to 0.0400 lbs/MWh. 

 

Results 

Table 5-10 illustrates the estimated emissions savings by emission type and by approach.  

The CO2 reductions for the Avoided Cost Approach are 180,136 tons of CO2, the equivalent 

of taking over 31,000 cars off of the road.10  The Plant Schedule approach estimates 

emissions higher by 16 percent.  For the PM10 and NOx emissions estimates, the Plant 

Schedule estimates are lower by about 14 percent.    

 

Table 5-10:  Estimated Emissions Reductions by Approach 

Approach 

 

 

 

Energy 

Impact 

(MWh) 

 

CO2 Emissions 

Avoided  

(tons) 

PM10 

Emissions 

Avoided  

(lbs) 

NOx Emissions 

Avoided  

(lbs) 

Avoided Cost 390,750 180,136 24,280 39,649 

Plant Schedule 390,750 208,704 20,817 34,132 

% Difference 0% 16% -14% -14% 

Generator Bid 390,750 163,183 16,277 20,899 

% Difference 0% -9% -33% -47% 

 

Table 5-11 details the average annual heat rates and emission rates by approach.   

 

                                                 
10  Based on 5.23 metric tons (5.77 short tons) of CO2 /vehicle/year from 

http://www.epa.gov/grnpower/pubs/calcmeth.htm#vehicles 

http://www.epa.gov/grnpower/pubs/calcmeth.htm%23vehicles
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Table 5-11:  Estimated Average Annual Emissions and Heat Rates by 
Approach 

Approach 

 

 

 

Average Heat 

Rate 

(btu/kWh) 

 

Average CO2 

Emissions 

Rate 

(tons/MWh) 

Average PM10 

Emissions Rate 

(lbs/MWh) 

Average NOx 

Emissions 

Rate 

(lbs/MWh) 

Avoided Cost 7,489 0.4381 0.0599 0.0896 

Plant Schedule 8,337 0.4955 0.0494 0.0811 

% Difference -11% 13% -17% -10% 

Generator Bid 6,652 0.3953 0.03943 0.0506 

% Difference 11% -10% -34% -43% 

 

The results of the Avoided Cost approach are sensitive to the assumption about how emission 

rates change with heat rates.  The Plant Schedule approach, in turn, is sensitive to the 

selection criteria used to identify plants that would generate in lieu of PV.  The Generator 

Bid approach has fewer data points to extrapolate to the year, particularly the early part of the 

year.  However, the linkage between generator selection and bid price are more direct than 

other approaches.   

 

The differences between the Avoided Cost and other approaches results are likely attributable 

to a difference in the assumed relationship between CO2, PM10 and NOx emissions and heat 

rates, though the limited data to extrapolate the other approach results to a year is also a 

factor.  A comparison of individual days gives some indication of the divergence between the 

two approaches, independent of the extrapolation.  Table 5-12 provides a comparison of CO2 

estimates for the sample day of July 13, 2009.  The overall emissions estimates vary by about 

13 percent though variation between the two approaches change by hour.  
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Table 5-13 does the same for NOx emissions.  Here, the total estimates vary by about 54 

percent, though the variation changes by hour.   

 

Table 5-12: CO2 Emissions per Hour for 7/13/2009 (tons) 

Hr Avoided Cost Generator Bid Difference 

12-1 AM 0.086 0.095 10% 

1-2 AM 0.095 0.105 10% 

2-3 AM 0.104 0.115 10% 

3-4 AM 0.115 0.127 10% 

4-5 AM 0.132 0.145 10% 

5-6 AM 2.798 3.153 13% 

6-7 AM 15.501 17.089 10% 

7-8 AM 34.536 37.716 9% 

8-9 AM 54.848 55.606 1% 

9-10 AM 72.609 74.835 3% 

10-11 AM 86.275 77.400 -10% 

11-12 PM 93.962 81.249 -14% 

12-1 PM 98.512 81.960 -17% 

1-2 PM 97.339 78.462 -19% 

2-3 PM 91.126 71.458 -22% 

3-4 PM 77.411 59.678 -23% 

4-5 PM 54.676 41.906 -23% 

5-6 PM 26.095 20.397 -22% 

6-7 PM 5.495 4.463 -19% 

7-8 PM 0.277 0.237 -15% 

8-9 PM 0.013 0.011 -14% 

9-10 PM 0.013 0.012 -8% 

10-11 PM 0.012 0.012 0% 

11-12 PM 0 0 0% 

Total 812 706 -13% 
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Table 5-13: NOx Emissions per Hour for 7/13/2009 (lbs) 

Hr Avoided Cost Generator Bid Difference 

12-1 AM 0.02 0.01 -25% 

1-2 AM 0.02 0.01 -25% 

2-3 AM 0.02 0.01 -25% 

3-4 AM 0.02 0.02 -25% 

4-5 AM 0.02 0.02 -25% 

5-6 AM 0.51 0.40 -21% 

6-7 AM 2.80 2.11 -25% 

7-8 AM 6.56 4.77 -27% 

8-9 AM 11.58 7.03 -39% 

9-10 AM 16.58 13.93 -16% 

10-11 AM 20.94 9.78 -53% 

11-12 PM 23.63 10.27 -57% 

12-1 PM 25.65 10.36 -60% 

1-2 PM 26.03 9.92 -62% 

2-3 PM 24.90 9.03 -64% 

3-4 PM 21.43 7.54 -65% 

4-5 PM 15.21 5.30 -65% 

5-6 PM 7.15 2.58 -64% 

6-7 PM 1.46 0.56 -61% 

7-8 PM 0.07 0.03 -58% 

8-9 PM 0.00 0.00 -57% 

9-10 PM 0.00 0.00 -51% 

10-11 PM 0.00 0.00 -19% 

11-12 PM 0.00 0.00 0% 

Total 205 94 -54% 

 

The difference between the Plant Selection and Generator Bid approaches is attributable to 

the use of different selection criteria.  The Generator Bid results indicate a narrower range of 

heat rates and emissions rates are likely amongst the units likely to displace the PV 

generation.  

 

Avoided Cost Approach 

Results for the Avoided Cost Approach are provided in Table 5-14, Table 5-15, and Table 

5-16.  Results are provided by program administrator, Pacific Gas and Electric (PG&E), 

Southern California Edison (SCE) and the California Center for Sustainable Energy (CCSE) 

who administers the CSI for San Diego Gas & Electric (SDG&E).  Each table provides a 



2009 CSI Impact Evaluation 

5-22 Program Impacts Peak Demand and Emissions 

total emissions savings estimate, along with an average rate of emissions per megawatt-hour.  

Emissions savings rates are comparable across the programs.    

 

Table 5-14:  Avoided Cost Estimated CO2 Impact 

Program 

Administrator 

 

Energy Impact 

(MWh) 

 

CO2 Emissions Avoided  

(tons) 

CO2 Eq Factor 

(tons/MWh) 

PG&E 225,063 103,442 0.460 

SCE 126,850 58,754 0.463 

CCSE 38,837 17,940 0.462 

Total 390,750 180,136 0.461 

 

Table 5-15:  Avoided Cost Estimated PM10 Impact 

Program 

Administrator 

 

Energy Impact 

(MWh) 

 

PM10 Emissions 

Avoided  

(lbs) 

PM10 Eq 

Factor 

(lbs/MWh) 

PG&E 225,063 13,956 0.0620 

SCE 126,850 7,908 0.0623 

CCSE 38,837 2,416 0.0622 

Total 390,750 24,280 0.0621 

 

Table 5-16:  Avoided Cost Estimated NOx Impact 

Program 

Administrator 

 

Energy Impact 

(MWh) 

 

NOx Emissions Avoided  

(lbs) 

NOx Eq Factor 

(lbs/MWh) 

PG&E 225,063 22,658 0.101 

SCE 126,850 13,028 0.103 

CCSE 38,837 3,968 0.102 

Total 390,750 39,649 0.101 

 

Plant Schedule Approach 

Table 5-17 details the emissions savings estimates using the Plant Schedule approach.  Here, 

emissions savings are estimated across the State, rather than by program administrator.  

Again, an emissions savings rate is estimated based on the energy impact and the emission 

avoided.   
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Table 5-17:  Plant Schedule Estimated Emission Impact 

Emissions Type 

 

 

Energy Impact 

(MWh) 

 

Emissions Avoided 

(Unit) 

Eq Factor 

(Unit/MWh) 

 

CO2 (Unit in Tons) 390,750 208,704 0.534 

PM10 (Unit in lbs) 390,750 20,817 0.053 

NOx  (Unit in lbs) 390,750 34,132 0.087 

 

Generator Bid Approach 

Table 5-18 details the emissions savings estimates using the Generator Bid approach.  Here, 

emissions savings are estimated across the State, rather than by program administrator.  

Again, an emissions savings rate is estimated based on the energy impact and the emission 

avoided.   

 

Table 5-18: Generator Bid Estimated Emission Impact 

Emissions Type 

 

 

Energy Impact 

(MWh) 

 

Emissions Avoided 

(Unit) 

Eq Factor 

(Unit/MWh) 

 

CO2 (Unit in Tons) 390,750 163,182 0.418 

PM10 (Unit in lbs) 390,750 16,277 0.042 

NOx  (Unit in lbs) 390,750 20,899 0.053 

 

Key Findings  

The Plant Schedule approach generally aligns with the Avoided Cost approach, within a 

range of 16 percent, providing a reasonable confirmation of the Avoided Cost estimates.  The 

Generator Bid emissions estimates imply lower emissions savings than both of the other 

approaches.  With regard to CO2 emissions, it is in general agreement with the Avoided Cost 

approach and varies by 9 percent.  The Generator Bid approach, however, implies a relatively 

large discrepancy from the Avoided Cost approach for PM10 and NOx emissions.   

 

One benefit of the Plant Schedule approach is the ability to identify a subset of power plants 

with a high likelihood of production in place of PVs (e.g., eliminating those plants already 

scheduled to produce, without excess capacity).  This allows the analysis to focus on select 

power plants.  However, a drawback of the Plant Schedule approach is the high sensitivity to 

selection criteria for identifying plants within this set.  In particular, the range of emissions 

profiles for the remaining plants is large enough that the criteria for selection amongst these 

plants are significant.  For example, plant type and average age were used as criteria for the 

results noted above.  Were plant type and heat rate to be used, the CO2 savings estimates 
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would vary by 28 percent.  As such, a key improvement for the Plant Schedule approach 

would be selection criteria that better identify a specific plant (rather than a range of plants as 

occurs with age) and which better approximate the actual selection process in the market.   

 

A benefit of the Avoided Cost approach is the ability to use market price data as a direct 

input to the calculations, and to avoid the need to identify individual plants.  However, the 

results are quite sensitive to the assumption about how emission rates change with heat rate 

(e.g., the lb/MWh per btu/kWh) and the emission rate boundaries (e.g., high and low 

efficiency plant emission rates and heat rates).  In comparison to the Avoided Cost estimates, 

the Plant Schedule estimates a higher CO2 savings and lower PM10 and NOx savings.  This 

indicates a difference in the assumed relationship between CO2, PM10 and NOx emissions and 

heat rates.  The same difference is apparent with comparison to the Generator Bid approach, 

for the annual estimate as well as for comparison of individual days.  The differences indicate 

that the three emissions may not vary with heat rate at the same ratios as indicated in the 

Avoided Cost Approach.   

 

We recommend further research into the relationship between NOx and PM10 emissions 

with heat rate to update the 2004 estimates.   Limitations in the data for the Plant Selection 

and the Generator Bid approaches make annualizing the estimates difficult.  Nevertheless, 

they do point to a need to review how NOx and PM10 emissions rates vary with heat rate.   

 

None of the approaches currently assesses the impact of PV on ancillary services, and the 

resulting impact on emissions.11  The E3 Avoided Cost Calculator does address the impacts 

on ancillary savings but that is not currently included in this analysis.  As the size of PV 

grows, the impact on ancillary services will grow.  As such, emissions savings associated 

with ancillaries may also grow, making it worthwhile to study the potential impacts.  Given 

the relative size of PV and the regional distribution of the assets for this period, the team 

believes that the impact of ancillary services is likely small for this period and the omission 

of this aspect is reasonable. 

 

Overall, estimating the emissions savings of PV installation requires an assumption about the 

type of plants that would have been operating in place of PV.  Given the limited availability 

of information on the direct criteria that are used to select plants in the market, alternative 

methods are required.  Here, the Avoided Cost approach uses an assumption about the 

linkage between market prices, heat rates, and emission rates while the Plant Schedule 

approach uses schedules to identify a set potential of plants and uses other known 

                                                 
11  Ancillary services are grid-based services provided by generation resources, separate from the provision of 

energy, used to maintain reliable grid operations.  (In some electricity markets, demand response and energy 

storage may also provide ancillary services).  The quick response time required by some ancillary services 

can result in the ramping of generation. 
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information (such as type, age, and heat rate) to select among these plants and the Generator 

Bid approach uses bid data to identify likely substitute.  All methods have their limitations 

given the reality of limited information.  However, despite the different methodologies, the 

CO2 results appear to approximate one another.  The NOx and PM10 results show wider 

variation, and indicate further research may be necessary in this area. 
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6 
 
CSI Impacts on Transmission and Distribution 

 

6.1  Overview 

In addition to providing electricity over the course of the year and during times of peak 

demand, CSI PV facilities impact the transmission and distribution (T&D) systems of 

California’s electrical grid.  CSI PV systems reduce loading on the distribution and 

transmission lines by displacing remote sources of electricity that would otherwise have to be 

delivered over the T&D systems to electricity customers.  Reduced line loading at the time of 

peak demand potentially alleviates the need to expand or build new transmission and 

distribution infrastructure, thereby saving utility and ratepayer monies.  Moreover, by 

reducing the amount of electricity that needs to be delivered by the grid, CSI PV facilities 

may potentially lower the risk of transmission overloads during many operating hours, which 

in turn may increase overall system reliability. 

 

This section presents the impacts of CSI PV facilities on the IOU T&D system as estimated 

during 2009.  Transmission system impacts are discussed first, followed by distribution 

system impacts.  Additional data and information is provided in Appendices F and G.  Table 

F-1 provides a spreadsheet or ―look up table‖ for determining the estimated impact factors of 

distributed PV on any feeder, based on a set of key feeder characteristics.  Appendix G 

includes a more details on the feeder modeling tools, methodology, feeder sampling, and 

peak day load profiles. 
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6.2  Glossary of Benefits Examined 

The following table provides a high level summary of the types of T&D benefits that are 

addressed in this section. 

 

Table 6-1:  Benefits Glossary 

Category Acronym Description 

Transmission 

Transmission Capacity 

Benefit 

TCB The aggregate reduction in transmission 

facility loading (statewide and by IOU), at 

the time of annual service area peak demand, 

as a result of CSI generation. 

Transmission Loss Savings  None The aggregate reduction in transmission 

system electrical losses (statewide and by 

IOU) at the time of annual service area peak 

demand, as a result of CSI generation. 

Distribution 

Peak Reduction Factor PRF A measure of the reduction in distribution 

feeder loading on a given feeder, at peak 

feeder demand, as a result of CSI generation. 

Energy Reduction Factor ERF A measure of the effectiveness of the CSI 

generation on a given feeder in reducing the 

annual energy requirements of the feeder. 

Loss Reduction Factor LRF A measure of the reduction in electrical 

losses on a given feeder, as a result of CSI 

generation. 

 

 

6.3  Key T&D Findings 

Key findings from the analysis (as discussed in more detail later in the section) include: 

Transmission System Impacts1 

The evaluation team has performed an independent analysis that shows the 2009 CSI impacts 

on the California transmission system.  Section 6.4 details the approach and key findings.  

Depending on the dispatch adjustment method used in the modeling, the 2009 Transmission 

Capacity Benefit (TCB) on a statewide level is estimated to range between 500-900 MW.  

This is comparable to the delivery capability of a modern 230kV transmission line.  

 

In the future when CSI penetration reaches twice the 2009 level, the modeling yields a 

projected 1000-1600 MW statewide TCB, which is comparable to the delivery capability of a 

                                                 
1  Transmission system impacts were calculated using the best available estimates of CSI generation in 
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500kV transmission line.  Furthermore, the analysis shows that when the CSI full capacity 

target (1,750 MW) is reached, the statewide TCB could grow to 4,000 MW or more.  

However, it is important to note that these capacity benefits are distributed statewide, rather 

than on any one 230kV or 500kV corridor.  Thus, the incremental benefits on each individual 

transmission corridor within the state of California represent only a small percentage of the 

aggregate TCB.  Even so, this represents a tangible benefit as discussed further in Section 

6.4. 

 

On a statewide basis, the current (2009) level of transmission loss savings attributable to CSI 

generation ranges from 7 MW to 25 MW depending on the generation redispatch method 

used (as discussed later in this section).   

 

Overall, there was a 240 percent increase in both the statewide TCB and transmission loss 

savings (calculated at peak system load) between 2008 and 2009 (see Table 6-3).  As 

distributed PV generation continues to increase in future years, transmission system impacts 

will become even greater, as indicated in projections shown in Section 6.4. 

 

Distribution System Impacts 

The precise impact of increasing levels of distributed PV generation on individual 

distribution feeders can only be determined through analysis of a specific feeder and its PV 

generation characteristics.  Based on the 2009 feeder case studies performed, the greatest 

level of benefits is generally expected to occur on feeders with one of more of the following 

characteristics: 

 

 Longer distribution feeders 

 Feeders located in inland areas 

 Feeders that have their summer peak demand in the mid-afternoon hours 

 

The 2009 CSI Impact Evaluation shows that positive benefits are generally expected for a 

range of PV penetration levels, but also observes that there can be decreasing (or even 

negative) benefits above certain penetration levels as detailed below: 

 

 Higher PV penetration levels and/or installation of a very large PV installation at a 

single point on a feeder can trigger a variety of negative impacts on feeder 

operation including increased risk of  

─ Voltage flicker levels, at customer locations, outside of acceptable standards 

─ Simultaneous PV unit trips and restarts causing sudden voltage drops and 

spikes, for which existing utility system voltage regulating equipment cannot 

fully compensate. 
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─ Increased wear and tear on utility voltage regulating equipment, with a 

potential increase in maintenance and replacement costs for this equipment. 

 

 

6.4  Transmission System Impact Analysis 

Extensive work has been performed by the California Renewable Energy Transmission 

Initiative (RETI) in an effort to assess the impact of large scale renewable integration on 

statewide transmission planning requirements at RPS targets as high as 33 percent, which 

includes wholesale distributed generation.2  RETI makes the following statement in regard to 

CSI generation: 

 

“RETI intends to account for distributed resources in its determination of 

renewable resource requirements to meet the 33 percent goal.  The distributed 

renewables that will be accounted for are: solar installations under the California 

Solar Initiative (CSI), the smaller renewables that will not be fully characterized 

in Phase 1B (anaerobic digestion, landfill gas, hydro, wave, and marine current), 

and renewable energy included in utility resource filings as “distributed 

renewables”.  While individual project sites will not be identified (as with the 

other renewables), the potential generation from the smaller resources will be 

used to determine the RETI “net short” – the additional amount of development 

necessary to meet the state’s 33 percent RPS target.”3 

 

In addition, the CPUC recently launched the Renewable Distributed Energy Collaborative 

(Re-DEC) process to assess issues related to large scale renewable DG integration (e.g., on 

the order of 15,000 MW) into California’s distribution system(s).4 However, the Re-DEC 

process is in its initial phase(s) and has not yet produced any results applicable to CSI 

impacts.  Furthermore, Re-DEC is focused on renewable DG projects located on the utility 

side of the meter, and not on customer side generation such as CSI. 

 

Even when combined with other categories of distributed solar generation, the 2009 CSI 

generation levels are at least an order of magnitude smaller than the renewable DG projects 

assumed in either RETI or Re-DEC.  Given this large gap in the scale DG generation size 

assumptions it is not possible to determine the transmission impacts of the current level of 

CSI generation from the results of the RETI study work.  Therefore, an independent 

assessment of transmission impacts was needed and has been performed by the CSI 

assessment team as discussed below. 

 

                                                 
2  The RETI steering committee is comprised of the CPUC, CEC, CAISO, SCPPA, NCPA, and SMUD. 
3  RETI Final Phase 1A Report, 5 August 2008, p 3-3. 
4  RETI, Phase 2B Draft Report, 07 April 2010, pp 2-2 to 2-3. 
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Data Requirements 

The following data were utilized in performing the 2009 transmission impact analysis: 

 

 Transmission system ―power flow‖ models for 2009 summer peak load conditions 

(one for each IOU with detailed transmission system representations, including 

expected generation dispatch in each area and power transactions between areas) 
 

 CSI generation output values (i.e., best available estimates), by IOU service area, 

at the time of the 2009 system peak. 

 

A substation by substation estimate of CSI output at 2009 system peak was not available for 

this analysis.  Therefore, CSI generation was assumed to be distributed in a pro rata manner 

between all substations in each service area.  

 

Detailed 2009 Models by Utility 

Table 6-2 summarizes the utility by utility loads and resources from the 2009 summer peak 

power flow ―base cases‖ that were used to conduct this analysis.5  The models were provided 

by each IOU and represent their respective transmission systems (e.g., 500kV down to 

115kV) and subtransmission systems (e.g., 66kV) in the 2009 summer timeframe. 

 

Table 6-2:  Detailed 2009 Summer Peak Power Flow Cases6 

Service 

Area 

Load 

(MW) Losses (MW) Interchange (MW) 

Area Generation 

(MW) 

PG&E 26,895.1 1,029.3 -861.2 27,063.3 

SCE 21,506.7 616.7 -7,560.5 14,575.3 

SDG&E 4,875.0 98.9 -1,171.2 3,802.6 

Total 53,276.8 1,744.9 -9,592.9 45,441.2 

 

Aggregated 2009 CSI Output 

For this Impact Evaluation we utilized the aggregated CSI output coincident with the time of 

each utility’s summer peak 2009 service area demand, as shown in Table 6-3 for the 

assessment of transmission system impacts.  

 

                                                 
5  Table 6-2 shows modeling results, not metered values.  This data format is familiar to utility system planners. 
6  A negative value of ―Interchange‖ represents a power import into the service area (positive values represent 

an area export).  ―Area load‖ refers to the aggregate demand at load serving substations.  ―Area generation‖ 

refers to the generation running internal to each service area.  ―Area losses‖ refer to system transmission 

losses.  Based on those definitions, the power flow model for each service area must balance the following 

equation: Area Generation = Area Load + Area Losses + Area Interchange. 
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Table 6-3:  Aggregated PV Capacity Coincident to IOU Peak Loads 

Service 

Area Peak Date 

Peak Hour 

(PST ) 

 CSI Installed 

(MW)  

Estimated CSI 

Output (MW) 

PG&E 7/14/2009 16:00 131.7 79.2 

SCE 9/3/2009 15:00 82.8 43.3 

SDG&E 9/3/2009 15:00 22.6 13.6 

Total NA NA 237.1 136.1 

 

Methodology for Estimating Transmission Impacts 

Distributed PV projects are not discretely modeled in the transmission power flow cases.  

Therefore, in order to evaluate the peak impact of CSI generation on the transmission system, 

the peak load power flow cases for each utility were adjusted by scaling their service area 

load and generation dispatch downward by the amount of the estimated CSI output level(s) 

shown in Table 6-3.  The comparison of these scaled cases to the original base cases thus 

reflects the net change or impact on the transmission system.  These revised cases assume a 

uniform distribution of PV geographically across all substations in the service area, which is 

a proxy for the actual distribution.  However, resultant errors in transmission system impact 

calculations are not expected to be significant on an aggregate service area level.  

 

Sensitivity cases were also run by several methods including pro rata generation redispatch 

by service area, reducing power imports for each service area in lieu of generator reduction, 

and lastly, by reducing generation at the ―marginal‖ generating plant location(s) in each 

service area.7  The following metrics were then used to evaluate the transmission impacts. 

 

Transmission Capacity Benefit 

Solar PV systems contribute to the deferral of transmission infrastructure investments by 

reducing net demand on the system, but the impacts from small PV penetration levels are 

hard to quantify in terms of specific capital deferrals.  Nevertheless, in the 2008 CSI Impact 

Evaluation, the evaluation team defined TCB as a measure of this benefit as described below.  

In the 2009 analysis, the team also developed a proxy for the impact on 2009 transmission 

capital expenditures.   

TCB equals the sum of the unused line capacities for every transmission circuit (i.e., 

transmission line and transformer) with PV generation modeled, minus the sum of unused 

circuit capacities without PV generation modeled.  These values are computed using the 

respective IOU transmission system power flow models.  Unused capacity is calculated as 

the ―normal rating‖ (capacity) of the circuit element minus the actual flow on the same 

                                                 
7  Lower efficiency units were selected as a proxy in the ―marginal‖ adjustment redispatch option, rather than 

attempting to identify the true marginal cost unit(s) on the system.  In actual operation, the California ISO 

would redispatch generation hourly based on locational market bids. 
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element in the power flow base case.  The difference in unused circuit capacity with the 

installed CSI PV, versus without the installed CSI PV, determines the TCB benefit.  This 

approach was retained for the 2009 CSI Impact Evaluation.  

 

Figure 6-1 below illustrates the TCB calculation method for a sample 3-bus (substation) 

system.  Results of the TCB example calculation are shown in Table 6-4 below.  For 

simplicity, this example focuses on basic power flows only and ignores power ―losses‖ (e.g., 

due to conductor heating) and capacitive/inductive flows (e.g., the component of electrical 

current associated with electromagnetic fields produced on every alternating current system).  

However, these components are included in the actual TCB calculations done for the CSI 

impact evaluation.  
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Figure 6-1:  Sample 3-Bus (Substation) System Showing TCB Method 
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Table 6-4: Simplified Example of the TCB Calculation 

  Without PV DG With PV DG 

 

Circuit 

Number 

 

Rating 

(MW) 

Power 

Flow 

(MW) 

Unused 

Capacity 

(MW) 

Power 

Flow  

(MW) 

Unused 

Capacity 

(MW) 

1 100 35 65 34 66 

2 100 45 55 43 57 

3 50 15 35 13 37 

Total   155  160 
 TCB (MW) = 160 - 155 = +5 MW 

 

It should be noted that the value of the TCB in the example above (5 MW) actually exceeds 

the amount of PV generation added (3 MW), because the additive impact of the flow on the 

two lines (i.e., lines 2 and 3) that are connected in series between the generator and 

Substation B where the PV is located.  This reflects real transmission capacity ―released‖ on 

both lines.  Thus, even a small addition of PV on the system can result in a cumulative TCB 

value that is larger than the amount of PV power output. 

 

The TCB calculation provides a metric to determine the relative level of impact that small 

PV additions can have on the overall transmission system.  The TCB represents the increase 

in transmission capacity made available by adding the distributed PV generation under 

normal system conditions, and does not address unused transmission capacity under the type 

of contingency conditions used for transmission system expansion planning.  Therefore, the 

TCB is only a metric of deferred TCB and not directly useful for system planning purposes. 

 

The 2009 TCB factors were calculated for each IOU service area based on the estimated CSI 

peak solar output levels, using the respective IOU transmission power flow models.  These 

detailed power flow results included the affects of system losses and capacitive/inductive 

current flows. 

 

Transmission Modeling Sensitivities 

Every MW of CSI power output produced at system peak demand (See Section 5) displaces 

roughly an equivalent amount of MW of generation from other sources such as central station 

power plants.8  This shift in generation impacts the power flows on the transmission grid.  In 

                                                 
8  The CSI analysis did not address the impact of this distributed generation on ancillary services that the 

CAISO requires to reliably operate the statewide grid.  PV and other types of on-dispatchable generation can 

increase the level of certain ancillary services that must be acquired by the CAISO, which in some instances 

involves the incremental dispatch of conventional generation on the system to provide such services.  Such 

ancillary services can also be provided by other means such as energy storage systems or aggregated 

demand side management (DSM) programs.  
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order to estimate the range of TCB factors for the 2009 CSI impact, the offset of ―central 

station‖ generator dispatch was performed using three different approaches.   

 

 One approach was to back off the dispatch of central station generating units in a 

pro rata manner to match the amount of CSI generation output in each IOU service 

area.   
 

 The second approach was to reduce service area imports by the amount of CSI 

generation in each area.   
 

 A third and final approach was to back off selected (e.g., marginal cost) units by 

the amount of CSI PV generation in that service area.   

 

It is assumed that the dispatch actions taken by the CAISO in actual market operation, which 

account for the affects of distributed PV output on service area demand, can be approximated 

by a blend of these three modeling approaches.   

 

Table 6-5 is a summary of 2009 TCB results using the three different generation redispatch 

approaches in the power flow modeling.  In addition to the ―current‖ level of impacts based 

on the estimated 2009 CSI output levels, the analysis looked at potential future levels of TCB 

at double and triple the estimated 2009 CSI output level.  These results are also shown 

graphically in Figure 6-2. 

 

Table 6-5:  Transmission Capacity Benefit Modeling Sensitivities at Peak 

   Service Area (MW) 

CSI Production Level9 Redispatch Option PG&E SCE SDG&E 

Current (136.1 MW) Pro Rata Generation Scaling 341.1 150.9 44.2 

  Area Interchange Adjustment 514.0 312.9 52.5 

  ―Marginal‖ Unit Redispatch 616.9 107.0 53.3 

 Average Impact 490.7 190.3 50.0 

Double (272.1 MW) Pro Rata Generation Scaling 680.8 270.5 88.2 

  Area Interchange Adjustment 1,024.8 335.5 105.9 

  ―Marginal‖ Unit Redispatch 1,321.4 85.8 106.2 

 Average Impact 1,009.0 230.6 100.1 

Triple (408.3 MW) Pro Rata Generation Scaling 1,019.8 576.8 133.0 

  Area Interchange Adjustment 1,528.2 605.4 158.0 

  ―Marginal‖ Unit Redispatch 2,045.6 584.7 152.3 

 Average Impact 1,531.2 589.0 147.8 

 

                                                 
9  Current CSI baseline MW equal the sum of estimated 2009 CSI outputs at IOU peak load(s), per Table 6-3. 
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Figure 6-2:  2009 Transmission Capacity Benefit Comparison at Peak 
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As shown in Figure 6-2, depending on the dispatch adjustment method chosen, the current 

(2009) TCB on a statewide level is on the order of 500-900 MW.  This is comparable to the 

delivery capability of a modern 230kV transmission line.  When the future CSI penetration 

reaches twice the 2009 level, these results project a 1000-1500MW statewide TCB, which is 

comparable to the delivery capability of a 500kV transmission line.  The magnitude of the 

TCB is much larger than the CSI generation output metered in 2009 because the presence of 

this distributed PV on the distribution system reduces the loading on all of the ―upstream‖ 

components of the statewide transmission system all the way back to the central generating 

stations, as demonstrated through Figure 6-1 and the associated example.  Each decrement in 

line loading on all of these transmission elements in series with other upstream and 

downstream elements, adds to the aggregate capacity benefit captured in the TCB 

calculation.  In other words, the TCB(s) are distributed statewide, rather than on any single 

transmission corridor.  Thus, the incremental benefits on each individual transmission 

corridor within the state of California are just a small percentage of the aggregate statewide 

TCB(s).   

 

Nevertheless, the TCB reflects a real deferral in capacity expansion needs.  While actual data 

on related capital expansion deferrals is unavailable, a proxy for this economic benefit can be 

developed based on a set of hypothetical, distributed transmission project deferrals.  
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Given that objective, the most widely distributed transmission voltage class in California is 

60-70kV.10  All three of the IOUs operate 60-70kV facilities and there are more than 2,000 

transmission lines in this voltage class spread across the state.  Transmission lines in this 

voltage class typically range in length from several miles to over 50 miles and have capacity 

ratings from roughly 50-150 MW.  Since the 60-70kV system is so widespread, it provides a 

good proxy to estimate transmission capital deferral from CSI deployment.   

 

Each decision for new capital investment in such facilities is made by the respective IOU 

based on reliability and economic criteria (e.g. cost effectiveness).  The most common type 

of upgrade at 60-70kV would be to replace existing conductors with larger conductors.  

Depending on line design and terrain, such upgrades cost are approximately $50,000-100,000 

per mile and typically increase 60-70kV line capacity by 50-100 percent.  Assuming an 

average line capacity increase of 65 MW per project, roughly seven to fourteen 60-70kV line 

upgrades would equate to the current statewide TCB of 500-900 MW.  Assuming an average 

reconductor cost of $75,000 per mile and an average line length of 25 miles, this yields a 

2009 capital deferral of $13.13 to $26.26 million for the seven to fourteen upgrades 

respectively and provides a reasonable proxy for the impact of CSI on 2009 transmission 

capital deferrals.  This proxy is based on overhead line costs only and ignores 60-70kV 

underground cable upgrades and substation upgrades, which would add to the economic 

benefit if included.    

 

Peak System Loss Impacts 

Distributed PV generation can reduce transmission system losses by lowering the power 

delivered over the transmission system.  This is true both at peak demand as well as off peak.  

The resulting reduction in transmission losses translates directly into a further reduction of 

central station generation dispatch requirements, along with their related environmental 

impacts and emissions.  Estimated reductions in transmission losses for each service area are 

shown in Table 6-6 and Figure 6-3 for 2009 summer peak conditions. 

 

                                                 
10 This voltage class is sometimes referred to as ―subtransmission‖, but is included in the transmission model. 
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Table 6-6:  2009 Transmission Loss Sensitivities11 

   Service Area (MW) 

CSI Production Level Redispatch Option  PG&E SCE SDG&E 

Current (136.1 MW) Generation Scaling 4.89 2.28 0.51 

  Area Interchange Adjustment 12.24 9.75 0.61 

  ―Marginal‖ Unit Redispatch 11.86 0.65 0.64 

 Average Impact 9.66 4.23 0.59 

Double (272.1 MW) Generation Scaling 9.74 7.59 1.01 

  Area Interchange Adjustment 24.24 16.09 1.23 

  ―Marginal‖ Unit Redispatch 22.45 2.66 1.26 

 Average Impact 18.81 8.78 1.17 

Triple (408.3 MW) Generation Scaling 14.56 19.57 1.52 

  Area Interchange Adjustment 35.91 21.70 1.83 

  ―Marginal‖ Unit Redispatch 33.17 16.50 1.84 

 Average Impact 27.88 19.26 1.73 

 

Figure 6-3:  2009 Transmission Loss Comparison vs. PV Deployment Level 
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The impact of CSI generation on statewide loss savings on the transmission system at 

summer peak load in 2009 was from 7.7 MW to 22.6 MW, depending on the dispatch 

adjustment method used.  This loss savings roughly matches the aggregate of CSI generation 

                                                 
11   Current CSI baseline MW equal the sum of estimated 2009 CSI outputs at IOU peak load(s), per Table 6-3. 
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currently installed in the SDG&E service area, and represents a real increase in the statewide 

generating capacity benefit realized from the presence of the CSI generation.  Furthermore, 

these estimates address loss savings on the transmission system only and exclude loss 

savings that were realized on the distribution system.  

 

System Reliability Impacts 

Transmission system reliability is typically measured in terms of the system's ability to 

deliver power under both normal and contingency conditions.  California IOUs, like other 

utilities across the United States, are required by FERC to adhere to NERC reliability 

standards.  Those standards specify performance criteria for loss of individual components of 

the system such as a line or generator, as well as various overlapping outage events (e.g., 

common corridor outages, single contingencies in conjunction with a circuit breaker failure, 

substation bus outages, etc.).  In actual operation, congestion constraints often occur on the 

transmission system and may require reductions in power deliveries in order to adhere to the 

reliability criteria.  Distributed solar generation improves transmission reliability to the extent 

that it relieves congestion and helps the system to meet the NERC reliability criteria under 

both normal and contingency conditions.  Transmission contingency analysis is a complex 

process and is outside the scope of this impact evaluation. 

 

Other Observations and Conclusions—CSI Transmission Impacts 

With increased distributed PV generation, there will continue to be increased savings in 

transmission losses and freeing of transmission capacity.  There was a 240 percent increase 

in TCB and in statewide transmission loss savings between the 2008 study and 2009.  As 

discussed above, these benefits will continue to grow year by year as additional CSI is 

installed.  As regards a long-term projection, Figure 6-4 shows estimated TCB based on the 

projected statewide CSI installed capacity target of 1,750MW by 2017.12  Similarly, Figure 

6-5 shows the estimated projected benefits of the CSI on transmission loss reduction.  These 

graphs show a projected 2017 statewide TCB of at least 4,000 MW and a projected 2017 

statewide loss savings of nearly 70 MW.  

 

                                                 
12  For developing the projected 2017 TCB value(s), the evaluation team assumed a ratio of 0.575 between CSI 

output at peak demand vs. CSI installed capacity (e.g., 0.575 x 1750 MW = 1,006 MW), based on the ratio 

between 2009 installed capacity and CSI output at peak demand from Table 6-3.  The 2017 analysis was 

performed using the ―generation scaling‖ redispatch method and the 2009 power flow base cases provided 

by the utilities.  Similar results would be expected with a 2017 model.  However, higher impacts might 

occur with other generation redispatch options, which were not tested in 2017.  
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Figure 6-4:  Potential Transmission Capacity Benefit Due to CSI 
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Figure 6-5:  Projected Transmission Loss Reduction Due to CSI 

0

10

20

30

40

50

60

70

80

2007 2009 2011 2013 2015 2017 2019

Year

L
o
ss

 R
ed

u
ct

io
n

 (
M

W
)

SDG&E PG&E SCE Total

 



2009 CSI Impact Evaluation 

6-16 CSI Impacts on Transmission and Distribution 

6.5  Distribution System Impact Analysis 

Distribution system impacts from distributed PV generation vary from feeder to feeder and 

depend on a variety of factors.  These include PV output characteristics, the location of PV 

systems on the feeder, percent of penetration (defined here as PV Capacity/Peak Demand for 

the respective feeder), the electrical characteristics of the distribution substation supplying 

the feeder, and the characteristics of the feeder itself.  Distribution feeder characteristics that 

can have a significant bearing on the impact(s) of PV are described below. 

 

Climate Zone 

The climate zone, Inland or Coastal, can alter the daily and seasonal load patterns, generation 

patterns, and output.  It may also impact the level of coincidence between peaking of the PV 

generation and circuit demand. 

 

Customer Mix 

The customer mix (e.g., whether the feeder is primarily residential or commercial customers) 

can greatly alter the load profile shape, feeder design and PV impacts.  While almost all 

feeders have a blend of both load types, Table 6-7 shows how the sample set used by the 

evaluation team is distributed among feeders that are either predominately residential or 

commercial.  It should be noted that in addition to commercial and residential customer types 

some feeders have additional sub customer types (e.g. industrial, agricultural load).  

However, the analysis did not explicitly address the latter subgroups. 

 

Feeder Length 

Feeder length can affect the impact that distributed PV has on feeder losses and voltages.  

For the purpose of this report, feeder length is defined as the total feeder ―line-mileage‖, 

which includes the main trunk plus all branches supplied by that trunk, as shown in Figure 

6-6.  This mileage can vary a great deal between urban, suburban, and rural feeders.  Both 

overhead and underground mileages are included when determining feeder length.  Circuits 

included in the 2009 analysis range from less than 10 miles to over 150 miles in length. 
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Figure 6-6:  Simplified Feeder 
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Peak Demand and Penetration Level 

Penetration level is defined here as equal to the installed PV Capacity expressed as a percent 

of the Peak Demand for the feeder.  It is expected that feeder impacts will be proportional to 

the level of PV penetration.   

 

The feeders selected for analysis all have relatively high levels of PV penetration as 

compared to the general population of feeders in California.  PV generation on a given feeder 

may consist of many small units (e.g. residential PV), a few large applications (e.g. 

commercial PV sites), or a mix of small and large PV.  

 

Impacts 

Key distribution system impacts investigated as part of the 2009 CSI impact analysis include: 

 

 Reduction in overall feeder demand and energy requirements 

─ During peak demand conditions 

─ Off peak and seasonal variations 
 

 Impact on feeder electrical losses (kW and kWh) 

 The effect on voltages seen by customers on the feeder  

 Impacts on utility voltage control equipment wear and tear  

 

While the precise impact of PV on distribution feeders can only be determined on a case by 

case basis, one goal of the 2009 impact analysis was to determine if PV attributes and key 

feeder characteristics could be correlated in such a way that the results could be applied more 

generally to distribution circuits throughout the state.  Documenting any such correlations 
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would be useful to IOU distribution system planners and operators in anticipating the impacts 

that increasing levels of PV penetration will have on a given distribution circuit or area of the 

system.  With this goal in mind, the evaluation team, in conjunction with the utilities, chose a 

representative cross-section of 52 feeders statewide that fit a range of key characteristics.  

From this group, feeders with similar characteristics were then grouped into specific 

categories or ―bins‖ in order to facilitate the process of correlating PV impacts to feeder 

traits.  These bins are intended to capture feeders where the PV penetration levels were 

relatively high (compared to the overall feeder population), and to reflect a cross-section of 

PV customer types (e.g. residential vs. commercial).  After further review of key 

characteristics of the 52 feeders, a subset of 23 of the feeders were selected for use as case 

studies.  These 23 feeders were modeled in detail and used for analysis purposes, as 

discussed below.  

 

Sample Feeder Characteristics 

The characteristics of the 23 representative feeders chosen for the 2009 impact analysis are 

summarized in Figure 6-7.  Feeder characteristics are grouped statewide and not separated by 

utility.  The feeders selected were chosen in an effort to achieve a balanced distribution of the 

feeders across all of the key characteristics as summarized below. 

 

Table 6-7:  Number of Feeder Case Studies by Key Characteristics 

Characteristic Category Sample Feeders (n) 

Geographic Location Inland 14 

  Coastal 9 

Customer Mix Commercial 12 

  Residential 11 

Length (mi) Short (0-20) 6 

  Medium (20-60) 11 

  Long (60+) 6 

Peak Load (kW) Low (0-5,000) 5 

  Medium (5,000-10,000) 10 

  High (10,000+) 8 

Penetration (Rated PV kW/Peak Load kW) Low (0-5%) 10 

  Medium (5-10%) 6 

  High (10%+) 7 

 

It should be noted that in the 2008 CSI Impact Evaluation, the focus was on a select group of 

feeders that had large CSI PV system installations.  That approach may have resulted in a 

skewing of the analysis toward feeders that serve mostly commercial loads.  The approach to 

selecting feeders for the 2009 impact analysis intentionally attempts to capture a much 
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broader cross section of feeder types, including feeders that have a significant penetration of 

residential CSI installations, the fastest growing segment of the CSI program.   

 

Peak Demand Reduction 

The impact of PV on reducing feeder peak demand depends on the degree of coincidence 

between PV output and feeder demand.  The net hourly feeder demand with and without PV 

on the peak day as shown in the example of Figure 6-7.  The PV contribution to hourly 

feeder demand is illustrated by the difference in the upper and lower curves.  Although the 

PV on this feeder provided a significant energy reduction throughout the day, its impact on 

the feeder’s peak demand at about 18:00 PST is fairly small due to this feeder peaking later 

in the day when solar output has declined.  

 

Figure 6-7:  Peak Demand Reduction Example (Feeder 8) 

0

2000

4000

6000

8000

10000

12000

14000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Time of Day (hr)

P
o

w
e
r
 (

k
W

)

Load With PV Load Without PV

 
 

One of the primary characteristics that impacts the PV generation shape is geographic 

location and physical orientation.  As noted in Section 5, tracking systems can significantly 

raise the hourly capacity factor in the afternoon and west facing systems have a similar peak 

production shift towards the afternoon, thereby better matching the typical demand curve.  

The feeder demand curve will vary depending upon the customer mix and other factors.  PV 

generation output and feeder demand curves both vary depending upon the time of year and a 
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variety of local factors.  Figure 6-8 illustrates how the feeder demand can vary by season13.  

This figure shows normalized demand (each point is divided by the annual peak demand) vs. 

time of day, by season.  Likewise, Figure 6-9 illustrates how the PV output varies seasonally 

and is normalized by the total installed PV capacity.  

 

Figure 6-8:  Typical Daily Feeder Demand Curves vs. Season (Feeder 8) 
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13  Seasons – Defined for this analysis as: Spring (March, April, May), Summer (June, July, August), Fall 

(September, October, November), Winter (December, January, February). 
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Figure 6-9:  Typical Seasonal PV Output vs. Rated PV Capacity (Feeder 8) 
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The degree of coincidence between PV output and the peak of the feeder demand curve 

defines the ―demand reduction‖ attribute to the PV on the feeder.  In Figure 6-7 above, the 

peak feeder demand without PV generation occurs during the 18
th

 hour and the demand with 

PV generation at this time is reduced by 228kW.  This impact can be expressed as a Peak 

Reduction Factor (PRF) (defined as peak feeder demand reduction over total installed PV 

capacity).14   

 

Table 6-8 provides the PRF calculated for each of the feeders analyzed for 2009 and shows 

the actual PRF values on the peak load day for the respective feeder.  In an attempt to remove 

potential bias due to customer mix in the feeder sample, roughly an equal number of 

residential and commercial feeders was used for the case studies.  More details on the feeder 

selection process are provided in Appendix G.  Feeder numbers used in the left-most column 

of Table 6-8, and throughout this section of the report, were assigned by the evaluation team 

in order to mask the host utility and identity of the feeders.  

 

                                                 
14  In the example shown in Figure 6-7, the installed PV capacity on the feeder is 1,596kW and the PRF is 0.14 

(228/1596 = 0.14). 
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Table 6-8:  Peak Reduction Factors 

Feeder 

Climate 

Zone 

Customer 

Mix 

PV 

Capacity 

(kW) 

Peak 

Demand 

Hour 

Peak Power 

Reduction 

(kW) 

Peak 

Reduction 

Factor 

(kW/kW) 

9 Coastal Commercial 521 13 366 0.70 

13 Coastal Commercial 469 22 0 0.00 

21 Coastal Commercial 884 10 73 0.08 

6 Coastal Residential 388 12 274 0.71 

15 Coastal Residential 272 9 62 0.23 

16 Coastal Residential 1,087 19 82 0.08 

17 Coastal Residential 106 20 0 0.00 

18 Coastal Residential 400 19 0 0.00 

22 Coastal Residential 121 15 72 0.60 

2 Inland Commercial 307 17 158 0.51 

3 Inland Commercial 133 11 82 0.62 

4 Inland Commercial 999 14 210 0.21 

8 Inland Commercial 1,596 19 228 0.14 

10 Inland Commercial 364 15 295 0.81 

12 Inland Commercial 1,581 21 159 0.10 

14 Inland Commercial 104 18 20 0.19 

19 Inland Commercial 1,048 20 0 0.00 

23 Inland Commercial 1,045 13 687 0.66 

1 Inland Residential 20 16 10 0.50 

5 Inland Residential 39 14 34 0.87 

7 Inland Residential 615 19 59 0.10 

11 Inland Residential 111 17 46 0.41 

20 Inland Residential 1,976 19 50 0.03 
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The PRF was averaged by climate zone for comparison purposes.  As shown in Figure 6-10 

inland feeders have a significantly higher PRF on average as compared to coastal feeders.  

This implies that there is a higher coincidence between peak feeder demand and PV 

production on inland feeders.   

 

For the purpose of Figure 6-10, the team randomly chose an equal number of residential and 

commercial feeders in both the coastal zone and inland zone, to prevent any bias due to 

customer mix.  

 

Figure 6-10:  Average Peak Reduction Factor by Climate Zone 
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PRF was also averaged by residential versus commercial feeders for comparison purposes, as 

shown in Figure 6-11.  In an effort to remove any bias effects related to climate zone, 

roughly equal subsets of inland feeders and coastal feeders were chosen at random from the 

overall 2009 sample set for use in developing Figure 6-11.  Based on this result, the 2009 

PRF value averaged approximately 0.32 with a plus and minus 10 percent range for 

commercial vs. industrial feeders.  This deviation is quite small and suggests no significant 

correlation between PRF and customer mix on a statewide basis in 2009.  

 

Figure 6-11:  Average Peak Reduction Factor by Customer Mix 
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The time of day that each feeder experiences peak demand tends to vary as a function of 

customer mix, geographic location, and other factors.  Since PV generation tends to peak in 

the afternoon, as shown in Figure 6-8 and Section 5, the degree of coincidence between 

feeder peak and peak PV output directly affects the PRF.  Figure 6-12 shows a plot of PRF 

for feeders with peaks that occur at different times in the afternoon.  It shows a strong 

negative linear relationship between time of day and PRF magnitude (e.g., a correlation 

coefficient of -0.86).  A plot was not developed for feeders with morning peak demand since 

there were not many feeders in the 2009 case studies that had morning peaks.  However, it is 

expected that there would be a similar but opposite relationship to that shown in Figure 6-12 

(the closer to afternoon the more likely it will have a higher PRF).  On average, the time of 

the maximum PV output on the peak day for the sample feeders was about 13:00 hrs (PST).  

 

Figure 6-12:  Peak Reduction Factor vs. Time of Feeder Peak Demand 
(Afternoon Peaking) PST 
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We can loosely characterize feeders by mid day and late day peaking (early day peaking 

feeders are grouped with late day because they are comparable for PV output) feeders as 

illustrated by Figure 6-13.  Mid Day is defined here as between 9:00 and 18:00 hrs (PST) and 

all other hours are defined as Early/Late Day.  Due to the tailing off of PV output in the late 

afternoon and early evening, essentially zero PRF is expected on feeders with demand that 

peaks after 18:00 hrs (PST) during the summer months. 

 

Figure 6-13:  Average Peak Reduction Factor vs. Peak Time of Day 
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Annual Energy Reduction 

In addition to peak feeder demand impacts, the presence of PV on a feeder will reduce the 

overall amount of energy that must be supplied to the feeder from its source substation and 

remote generation over the course of the year.  This is even true for feeders that have a PRF 

of zero.  It should be noted that PV also has a direct effect on feeder losses (conductor 

heating due to electrical resistance in the conductor), which is addressed in a later section.  

The energy reductions discussed in this section include losses and are intended to show 

overall impacts on feeder energy requirements. 

 

An Energy Reduction Factor (ERF) is defined here as the difference between annual feeder 

energy requirements with and without PV generation, normalized by the total PV capacity 
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and hours in a year (e.g., based on averaging 8,760 hourly values) 15 Table 6-9 shows the 

ERF for each of the feeders analyzed in the 2009 study.  On average, ERF for all feeders in 

the sample set was 0.21 and varied only slightly from feeder to feeder.  Based on Table 6-9, 

the annual energy production expected per kW of PV capacity in California can generally be 

expected to run about 20 percent of production capability regardless of feeder location. 

 

Table 6-9:  Energy Reduction Factor (Annual) 

Feeder 

Climate 

Zone 

PV Capacity 

(kW) 

Annual Energy 

Reduction (kWh) 

Energy Reduction Factor 

(kWh/(kWx8760h)) 

6 Coastal 388 673,233 0.20 

9 Coastal 521 943,386 0.21 

13 Coastal 469 798,880 0.19 

15 Coastal 272 490,532 0.21 

16 Coastal 1,087 1,727,608 0.18 

17 Coastal 106 190,590 0.21 

18 Coastal 400 651,568 0.19 

21 Coastal 884 1,566,029 0.20 

22 Coastal 121 209,325 0.20 

1 Inland 20 38,811 0.22 

2 Inland 307 587,739 0.22 

3 Inland 133 262,591 0.23 

4 Inland 999 1,997,815 0.23 

5 Inland 39 77,155 0.23 

7 Inland 615 1,088,449 0.20 

8 Inland 1,596 2,781,336 0.20 

10 Inland 364 643,184 0.20 

11 Inland 111 205,091 0.21 

12 Inland 1,581 3,349,699 0.24 

14 Inland 104 190,395 0.21 

19 Inland 1,048 1,961,335 0.21 

20 Inland 1,976 2,579,701 0.15 

23 Inland 1,045 2,009,773 0.22 

 

                                                 
15  For example, the ERF for a feeder with 388kV of installed PV capacity that reduced combined energy 

requirements and losses on the feeder by 673,233 kWh, is (673,233 / (388 x 8760)) = 0.20.   
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As shown in Figure 6-14 the ERF was also fairly uniform across climates, with only a slight 

increase for inland circuits versus coastal. 

 

Figure 6-14:  Average Energy Reduction Factor by Climate Zone 
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Losses 

Losses naturally occur on all feeders due to the electrical resistance of conductors.  The 

amount of losses depends on:  

 

 the feeder length,  

 conductor sizes, and  

 the location of load and PV along the feeder.   

 

If PV generation at a given point on the feeder is less than the local load connected at that 

point, there is a loss reduction attributed to reducing the demand requirements.  If the PV 

power generated is greater than the locally connected load then the excess power is being 

sent to other load along the feeder, but in many cases may still reduce overall feeder losses. 

 

The losses considered in this section are only for the distribution system.  The total system-

wide loss savings will be greater than the feeder loss savings since the power transmitted to 

the distribution substation to supply the net feeder losses originates from remote generation 



2009 CSI Impact Evaluation 

CSI Impacts on Transmission and Distribution 6-29 6-29 

sources.  The further energy has to travel across the transmission and distribution system to 

reach customer loads, the more it incurs additional losses on the delivery system. 

 

The evaluation team defined a Loss Reduction Factor (LRF) to normalize the annual loss 

savings due to distributed PV on each of the feeders selected for analysis.  To calculate the 

LRF, the feeder loss reduction (kWh) over a year is divided by the rated PV capacity and 

hours (e.g. at 39 kW capacity PV, with loss reduction of 1,135 kWh over a year has a LRF of 

0.003 (1135 / (39 x 8760))).  This factor can be used to determine the amount of losses a PV 

unit may reduce by using its rating and the duration of interest (e.g. a 1,000 kW capacity with 

a loss reduction factor of 0.005 operating over a year is, 1,000 kW x 0.005 x 8760 h or 

43,800 kWh).  Table 6-10 shows the LRF values for the 2009 sample feeder set 
 

Table 6-10:  Loss Reduction Factor (Annual) 

Feeder 

Length 

Bins 

Customer 

Mix 

PV 

Capacity 

(kW) 

Loss 

Reduction 

(kWh) 

Loss Reduction Factor 

(kWh/(kWx8760h)) 

4 Short Commercial 999 19,178 0.002 

9 Short Commercial 521 3,468 0.001 

10 Short Commercial 364 3,679 0.001 

13 Short Commercial 469 2,047 0.000 

21 Short Commercial 884 10,432 0.001 

5 Short Residential 39 1,135 0.003 

2 Medium Commercial 307 3,795 0.001 

3 Medium Commercial 133 318 0.000 

12 Medium Commercial 1,581 31,618 0.002 

14 Medium Commercial 104 7,136 0.008 

19 Medium Commercial 1,048 20,609 0.002 

23 Medium Commercial 1,045 23,145 0.003 

1 Medium Residential 20 521 0.003 

11 Medium Residential 111 4,296 0.004 

15 Medium Residential 272 9,949 0.004 

17 Medium Residential 106 6,132 0.007 

22 Medium Residential 121 6,649 0.006 

8 Long Commercial 1,596 45,374 0.003 

6 Long Residential 388 12,077 0.004 

7 Long Residential 615 46,914 0.009 

16 Long Residential 1,087 38,082 0.004 

18 Long Residential 400 41,283 0.012 

20 Long Residential 1,976 -8,44316 0.000 

                                                 
16  A negative value indicates that PV generation exceeds the local demand on the portion of the feeder near the 

PV, and therefore PV output has to travel further on the feeder to displace load.  This causes an increase in 

annual losses on the feeder.  This situation is discussed further in Figures 6-17 and 6-18. 
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Since the feeder losses are correlated closely with feeder length, PV loss impacts are also 

correlated to the length.  Figure 6-15 shows how the average LRF varies according to feeder 

length.  A longer feeder typically has greater losses and therefore a greater reduction of 

losses can be realized by adding PV on longer feeders.  Figure 6-16 further illustrates the 

length and LRF relationship by a linear best fit.  There is a moderate positive linear 

correlation between feeder length and LRF, with a correlation coefficient of 0.65.   

 

Figure 6-15:  Average Loss Reduction Factor by Feeder Length Bins 
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Figure 6-16:  Loss Reduction Factor by Feeder Length 
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Intuitively, it might be assumed that the optimum distribution of PV units on a feeder would 

be one that matches the distribution of load on the feeder as closely as possible.  In theory, 

this should minimize loading and losses on all sections of a feeder during those hours that the 

PV is generating.  While it is impractical to achieve this in every case, feeders with a high 

percentage of residential CSI might tend to approach this optimum distribution more so than 

commercial feeders with a small number of large PV sites.  

 

To illustrate how load and PV generator placement interact, consider Figure 6-17 as a 

representation of a typical feeder.  This load in a simplistic sense can be represented by the 

equivalent feeder shown in Figure 6-18.  The addition of PV generator sites in this example, 

show possible locations for PV placement (this is a simple case where there is only 1 PV unit 

that could be at Location 1, 2 or 3). 

 

In the event that a PV generator is added at Location 1 between the load center and the 

substation, this will reduce losses from the source up to the PV generator location.  If a PV 

generator is placed at Location 2, directly at the load center maximum loss reduction is 

achieved.  If a PV generator is placed at Location 3, beyond the equivalent load center, losses 

will be reduced along the main trunk but will be increased beyond the load center.  This may 

have an overall effect of increasing total feeder losses if the distance from the load center to 

the PV generator location is too great.  
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It should be noted that for the 2009 CSI distribution feeder case studies, feeder loads were 

modeled as close as possible to the actual location, based on the model data provided by the 

utilities. 

  

Figure 6-17:  Typical Distribution Feeder 
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Figure 6-18:  Equivalent Distribution Feeder 
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As previously noted, there is also a relationship between the number of PV units/locations on 

a feeder and the level of feeder loss savings.  Figure 6-19 attempts to capture the relationship 

between number of PV sites and LRF for the feeders analyzed in the 2009 CSI.  For detailed 

feeder characteristics (quantity and size of PV), please refer to tables in Appendix G.  The 

quantity of PV sites on the feeders within the study group ranged from 1 to 115 with varying 

installed PV capacity.  The figure indicates a weak positive linear relationship (correlation 

coefficient of 0.56). 

 

Figure 6-19:  Loss Reduction Factor vs. Number of PV Sites on a Feeder 
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On the other hand, as the percent penetration level of distributed PV on a given feeder 

increases it becomes more and more likely that power will be exported to the rest of the 

system from PV generation.  This does not pose an upper limit for PV penetration but does 

start to show a reduced efficiency in terms of feeder losses.  Figure 6-20 shows an example 

of how increasing PV penetration level can affect feeder losses, based on an actual feeder 

from the CSI study group.  This feeder has highly distributed PV installations (111 actual PV 

sites distributed throughout the feeder).  As previously mentioned, the greatest loss savings 

are generally be expected on feeders with more highly distributed PV installations like this.  

 

To develop Figure 6-20, the capacity of the actual PV sites on the feeder was varied over a 

wide range (in percentage point steps) and the impact on feeder loss savings graphed as 

shown.  For this particular feeder the loss savings peak at around 30 percent PV 

penetration.17  Above 30 percent the feeder loss savings begin to trail off.  Some savings 

continue to occur until a little above 60 percent penetration, at which point the loss ―savings‖ 

starts to go negative (i.e., this feeder would actually begin to see increased losses).  The point 

at which this occurs will vary by feeder and depends on the relative positioning of the PV 

generation and loads on the feeder, and other factors described above in Figure 6-17 and 

Figure 6-18.  Furthermore, it should be noted that Figure 6-20 only addresses feeder losses 

and not the impact on system-wide losses (including substation and transmission), which 

could continue to improve even at the higher PV penetration levels.  

 

 

                                                 
17 Penetration level is defined here as equal to the installed PV Capacity expressed as a percent of the Peak 

Demand for the feeder. 
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Figure 6-20:  Annual Loss Reduction by Percent Penetration (Feeder 16) 
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Composite Summary of Distribution Feeder Impact Factors 

Based on the 2009 CSI feeder case studies, the team developed the table shown in Appendix 

F to provide a quick reference guide (―look up table‖) that can be used to estimate the 

capacity, energy, and loss impacts of distributed PV generation on any distribution feeder in 

California that has one of the combinations of attributes shown.  The chart provides an easy 

way to estimate these impacts on the feeder, for essentially any amount of installed PV 

generation, as long as a feeder matches one of the combinations of feeder characteristics 

shown in the chart.  

 

While detailed analysis of a feeder and its specific PV sites is needed to confirm the precise 

impacts, this chart provides utility planners and policy makers with a convenient tool for 

estimating and/or ranking such impacts.  However, in cases where there is a very high PV 

penetration level (e.g., over 50-60 percent of feeder demand), unique impacts are likely to 

occur and should be studied in more detail. 

 

Impact of PV during Electrical Faults 

It is not uncommon for PV generation to trip instantaneously when a remote system fault 

(e.g., short circuit) or other types of system disturbances occur.  In particular, faults on both 

the transmission or distribution system are common and result in voltage sags that can cause 
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distributed PV units to trip.  Once tripped, the PV site would generally stay off-line for some 

period of time before being allowed to restart.  Depending on the penetration level, the loss 

of the PV generation could create significant impacts on the distribution feeder since the loss 

of the PV generation might cause a further voltage drop on the feeder.  This in turn may 

trigger response by automated feeder voltage control systems, or manual actions by system 

operators.  Thus additional voltage adjustment actions may occur during both the initial loss 

of PV generation, as well as during the subsequent restarting of the distributed PV units.  

These impacts may be further amplified by the collective response of PV units over a larger 

area (e.g., an entire substation or a collection of substations), depending on the location and 

magnitude of the initiating fault.  However, analysis of the risks and impacts of such 

widespread events is beyond the scope of the current study. 
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Voltage Regulation 

PV generation is also subject to rapid output variations due to cloud cover.18  The generator 

output can modulate from 100 percent of capacity down to 30-40 percent of capacity within a 

minute, dependent on the size of the PV site and the type of cloud cover conditions.  Figure 

6-21 shows an example of how high and fast moving cloud cover may create variation in 

output for a sample PV location.19     

 

Figure 6-21:  PV High Sample Rate Output Curve 
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18  E.C. Kern, E.M. Gulachenski, G.A. Kern, ―Cloud Effects on Distributed Photovoltaic Generation: Slow 

Transients at the Gardner, Massachusetts Photovoltaic Experiment‖, IEEE Transactions on Energy 

Conversion, Vol. 4, No. 2, June 1989, pp. 184-190. 
19  Note that data are not currently available at this high sampling rate for actual CSI units. 
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Such rapid swings in PV power output can have a negative impact on the distribution system.  

This type of event was simulated for a representative California feeder.  In order to perform 

an analysis of these impacts, the random PV output curve of Figure 6-21 was replaced by a 

more uniform PV Duty Curve as shown in Figure 6-22.  This assumption greatly simplified 

the modeling process, but still provides a reasonable proxy for the random curve.  The curve 

assumes the PV site is generating 100 percent power at the start of the simulation (5 

minutes).  Then for 5 minutes, the PV site output is transient in nature swinging from 100 

percent to 40 percent for 4.5 cycles.  The site then outputs 40 percent power for 10 minutes 

and then goes into the transient period again for 5 minutes—ending up at 100 percent power 

for 5 minutes.  This is a hypothetical example to show how the variation impacts feeder 

voltage regulation. 

 

Figure 6-22:  PV Duty Curve  
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Table 6-11 shows estimates of the number of distribution voltage regulator tap changes per 

day based on simulation of the cloud cover conditions described above.  Tap changes were 

calculated based on power flow simulation models using a typical load curve and a typical 

PV generation curve, with two voltage regulators on the given circuit based on modeling 

obtained from the California utility.  

 

From the results shown in Table 6-11, it appears that the PV site could cause at least a 50 

percent increase in regulator tap changes on the analyzed feeder.  Such increases in the 

frequency of voltage regulator tap changes will accelerate the maintenance and replacement 

schedules for such distribution equipment.   

 

Table 6-11:  Estimated Tap Changes Per Day Example (Feeder 12) 

    Phase A Phase B Phase C Total 

Regulator 1 Without PV 22 16 10 48 

  With PV 36 28 22 86 

Regulator 2 Without PV 8 4 6 18 

  With PV 10 4 6 20 

 

Feeder Selection and Modeling 

Additional background on CSI 2009 feeder selection and modeling methodology is provided 

in Appendix G. 
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7 
 
Residential Billing and Production Data Analysis 

 

7.1  Residential Billing and Production Data Review Objectives 

The major objectives of the utility billing1 and PV production data review are to (1) analyze 

the impact of PV production on utility electricity consumption and total household electricity 

consumption over time; (2) research the possible interaction of PV production, energy 

efficiency savings and total consumption; and (3) provide feedback to the CPUC, Program 

Administrators, and implementers, for the purpose of improving the CSI program.  To meet 

these objectives, utility electricity billing, PV production, and energy efficiency savings data 

were analyzed for a group of CSI participant and nonparticipant households.   

 

 

7.2  Billing and Production Data2 

The CSI residential billing study collected pre- and post-PV installation utility billing data on 

CSI participant households.  All three investor-owned utilities (IOUs) provided billing data 

from December 2005 to December 2009 for a sample of CSI households for which the team 

had metered generation data and for CSI households who were interviewed as part of the CSI 

phone survey.3   

                                                 
1  For the analysis of residential billing and PV production, residential billing data is the household 

consumption of utility provided electricity.  For a household prior to the installation of their PV system, the 

residential billing data is the household’s consumption.  For a household after the installation of their PV 

system, the household consumption is the sum of the PV production and the utility billing data.  The 

household consumption is the gross consumption, the utility billing data is the net consumption or the gross 

consumption minus the PV production.  The utility billing data is not the monetary value of the utility bill, 

for this section, the utility bills is the energy consumption from the utility.   
2  This section reviews the interaction of billing and production data, ending with a SAE billing analysis model 

of utility electricity consumption.  The sample of sites with billing data include sites with PV metering and 

those sites included in the phone survey.  While the sites with PV metering were not randomly chosen (see 

Section 3), the sites included in the phone survey were chosen to systematically (see Section 4).  The SAE 

billing analysis model is based on the phone survey sites. 
3  For CSI participant sites that were interviewed as part of the phone survey who do not have metered PV 

generation data; generation data were constructed using ratio estimators.   
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Table 7-1 lists the number of CSI participant residential sites for which billing data was 

received.  In Table 7-1, the sites with billing data are further divided into sites with utility 

billing data and metered production data.   

 

Table 7-1:  Participant Sites with Billing Data 

Utility 

Total CSI Participants 

with Billing Data 

CSI Participants with PV 

Meter Data and Billing Data 

PG&E 799 620 

SCE 334 191 

SDG&E 169 90 

 

Table 7-2 lists the number of CSI participant sites with billing, telephone (phone) survey, and 

PV meter generation data.  The second column in Table 7-2 lists the total number of CSI 

participants included in the phone survey while columns 3 and 4 breakout the phone survey 

participants by the availability of metered PV data.  Comparing Table 7-1 and Table 7-2, it is 

apparent that while most of the sites with billing data have PV generation, the majority of the 

sites questioned during the phone survey do not have metered PV systems.  All participant 

phone survey sites without metered PV generation data have generation data estimated for 

the site using the methods discussed in Section 3 and 5.  The final column of Table 7-2 also 

lists the number of nonparticipant sites that were interviewed during the nonparticipant phone 

survey.   

 

Table 7-2:  Participant and Nonparticipant Sites with Billing and Survey Data 

Utility 

Total CSI 

Participants 

with 

Telephone 

Survey 

CSI 

Participants 

with Surveys & 

PV Meter Data 

CSI 

Participants 

with Surveys 

But No PV 

Meter Data 

CSI 

Nonparticipants 

with Telephone 

Survey 

PG&E 272 98 174 383 

SCE 199 56 143 145 

SDG&E 122 43 79 69 

 

Examples of Individual Sites 

The figures below present billing data and production data for individual sites.  The monthly 

load profiles that are presented are actual profiles, but should be considered as case study 

evidence on the possible combinations of consumption, utility bills, and PV production that 

are observable in individual bills.  While the individual figures will be described to explain 
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the illustration, the figures taken together present some of the variability observed across 

actual sites.  In total, three residential sites are presented for illustrative purposes.   

 

Figure 7-1 presents the utility billing and PV production data for a site with stable 

consumption and production in excess of consumption.  In Figure 7-1, the site’s post PV 

installation consumption is the sum of the utility billing data and the production data.  The 

utility billing data is the red segments while the production data is the gray segments.  

Summing the red and the gray segments presents the site’s consumption.  The site’s average 

daily consumption over the 12 months prior to installation are presented on the top left corner 

while the average daily post-consumption is presented on the top right corner.   

 

For the site presented in Figure 7-1, the average daily consumption prior to PV installation is 

8.7 kWh while the post-consumption is 8.4 kWh.  The site represented in Figure 7-1 is a net 

exporter site, represented by the mean electrical net generation output (ENGO, presented in 

the right corner and representing the solar electricity generation for the PV system) of 12.1 

kWh, which exceeds the average daily consumption of 8.4 kWh, leading to a net average 

daily export of 3.7 kWh.  Additionally, the consumption of the site presented in Figure 7-1 is 

low relative to most sites in San Diego and relative to most CSI participants.  The low level 

of consumption could contribute to the site’s production exceeding its consumption.  

Production in excess of consumption is discussed later in this section. 

 

Figure 7-1:  SDG&E Site—Stable Consumption, and Net Exporter 
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The site presented in Figure 7-2 has a decline in consumption, going from a mean daily pre-

kWh of 39.2 kWh to 29.0 kWh per day.  The PV production at this site satisfies 80 percent of 

the average daily consumption.  Looking at the load shape for the site in Figure 7-2, there is a 

significant decline in electric usage in the summer following the installation of the PV 

system.  The decline in the electric usage appears to be due to a declining cooling load.  The 

decline in the central air conditioning (CAC) load could be due to several factors, including 

behavioral changes, changes in weather, installation of energy efficiency measures, or a 

remodel at the time of the PV installation.4 

 

Figure 7-2:  PG&E Site—Declining Consumption5 

 

 

 

                                                 
4  For sites included in the phone survey it is possible to determine if they have a central air conditioner.  The 

phone survey, however, did not determine if households installed a new air conditioner, if they remodeled 

their homes or changed the electricity consumption behavior at the time of PV installation.  Future analyses 

should incorporate these types of changes into the analyses. 
5  The May total consumption is very small and may be due to an inaccurate date for the PV installation.  

During the analysis of billing and PV generation data it became apparent that the date the PV system begins 

producing electricity needs more careful attention by all three utilities.  Future analyses would benefit from 

better information on the date the PV system is producing electricity. 
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The site presented in Figure 7-3 has an increase in consumption, going from a mean daily 

pre-kWh consumption of 40.3 kWh to 63.5 kWh per day.  The PV production at the site 

satisfies 47 percent of the average daily post-consumption.  The increase in the customer’s 

load appears to be associated with an increase in the summer and winter consumption.  The 

increase in the electric load could be due to several factors including: behavioral changes 

leading to increased CAC and electrical appliance usage; warmer summer leading to 

increased CAC usage; increase in the number of people in the household; or a remodel at the 

time of the PV installation that added square footage to the house and perhaps a central air 

conditioner. 

 

Figure 7-3:  SCE Site—Increasing Consumption 

 
 

Conclusions 

From these select examples, it is evident that providing a combination of utility billing usage 

and solar generation can provide insight to the customer and the IOU on the interaction of 

electricity usage and solar production on a monthly basis.  Currently, many IOU customers 

can examine their usage over time, but do not have an easy way to combine this with their 

solar generation.  As the number of customer’s with solar increases, having this kind of data 

available to a residential or nonresidential customer may contribute to improved operation of 

solar panels (which we will explore in Section 9) and reduction in energy usage for the entire 

premise.  We examine this in the following section on load profiles at the premise level. 
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Solar Productions’ Share of Consumption 

Combining the utility billing and PV production data enables the evaluation team to 

determine PV productions share of household consumption (utility billing + PV production).  

Table 7-3 and Figure 7-4 illustrate the distribution of household consumption and PV 

production by consumption deciles.6  The distribution of household consumption and 

production indicate that average PV production increases with increase in consumption, but 

PV production increases more slowly than consumption.  As consumption rises from the 

lowest 10 percent to the highest 10 percent PVs share of consumption falls from 88 percent 

to 52 percent.  For households with consumption in the lowest 10 percent, the average 

monthly electricity consumption is 335 kWh and the average PV production is 293 kWh.  For 

these households, PV production covers 88 percent of their electricity consumption.  

Households in the top 10 percent of the consumption distribution average 2,584 kWh of 

electricity consumption per month and their PV production averages 1,343 kWh per month.  

For households in the top 10 percent of consumption, their PV system only covers 52 percent 

of their electricity consumption. 

 

Table 7-3:  PV Production and Household Consumption 

Consumption 

Deciles 

Monthly PV 

Production 

(kWh) 

Average 

Size of 

System kW 

Post PV Monthly 

Total 

Consumption 

(kWh) 

Share PV 

Production 

1 293 2.4 335 88% 

2 339 2.7 497 68% 

3 378 3.2 610 62% 

4 448 3.4 722 62% 

5 505 3.7 852 59% 

6 552 4.2 989 56% 

7 599 4.5 1,123 53% 

8 696 5.1 1,320 53% 

9 731 5.3 1,573 47% 

10 1,343 9.5 2,584 52% 

 

                                                 
6  The data in this subsection only include information on CSI residential participants with 12 months of PV 

production data during the 12 months following the system’s installation.  Household consumption is the 

sum of the PV production and the household utility electricity consumption. 
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Figure 7-4:  PV Production and Household Consumption by Consumption 
Deciles* 

 
* The deciles of consumption are represented along the horizontal axis. 
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Table 7-4 presents the average PV production and household consumption for the quartiles of 

consumption by IOU.  These data indicate that the PV production share of consumption falls 

with consumption quartiles for all three IOUs.  These data also indicate that share of 

consumption fulfilled by PV production is highest in SDG&E’s territory for all four 

consumption quartiles.  The high number of days of sunshine and the temperate weather in 

San Diego may account for the higher PV share of consumption or households and 

contractors may be choosing to size the PV systems to cover a larger share of consumption 

within SDG&E’s service territory.7 

 

Table 7-4:  PV Production and Household Consumption by IOU 

IOU Quartile Sites 

Monthly PV 

Production 

(kWh) 

Post PV 

Monthly 

Consumption 

(kWh) 

Share PV 

Production 

PG&E 0 149 295  434  68% 

PG&E 1 150 406  714  57% 

PG&E 2 150 525  1,045  50% 

PG&E 3 149 837  1,786  47% 

SCE 0 48 394  513  77% 

SCE 1 48 556  876  64% 

SCE 2 48 640  1,218  52% 

SCE 3 48 1,010  1,921  53% 

SDG&E 0 24 396  387  102% 

SDG&E 1 25 521  640  82% 

SDG&E 2 25 635  951  67% 

SDG&E 3 25 1,117  1,951  57% 

 

                                                 
7  The relationship between consumption and production were also examined by income.  Unfortunately, 

restricting the analysis to phone surveyed sites with billing data and income information available led to a 

distribution with few sites in lower or higher income groupings.  Due to the small sample sizes, the 

relationship between income, consumption, and production is not presented here.  
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Negative Utility Billing Sites 

The utility billing data also enabled the team to determine the share of residential CSI 

participant sites in the sample with negative utility electricity consumption bills.8  Negative 

utility bills are a consequence of PV production exceeding household electricity consumption 

during a monthly billing cycle.  During the period of this analysis (2007-2009), CSI 

participants were limited to sizing their systems to their home’s energy consumption needs.  

Negative utility bills, however, does not imply that the system’s yearly production exceeds 

yearly consumption, negative bills imply that the household’s PV production exceeds the 

household’s electricity consumption in a given month.  This behavior is examined further on 

a daily basis in the profile analysis, Section 8.  

 

Some concern has emerged among vested parties that CSI participant households with 

negative utility electricity consumption will have less incentive to install energy efficiency 

measures or to limit their electricity usage following the installation of PV systems.  While a 

longer time horizon is likely necessary to determine if PV generation reduces future energy 

efficiency installations or increases energy consumption, the first step to analyzing this 

question is to determine the share of CSI households where production exceeds consumption 

and for how many months the household production is in excess of consumption. 

 

Table 7-5 lists the distribution of sites with negative utility billing data during the first year 

following the PV system’s installation.9  For PG&E, of the 799 sites with billing data, 56 

percent of sites never have a month in which PV production exceeds household consumption 

leading to a negative utility consumption bill.  For SCE, 63 percent of the 344 sites never 

have negative utility billing data while 47 percent of SDG&E’s 169 sites in this sample have 

no negative billing data.  PG&E and SCE sites have a similar distribution of residences with 

six or more months of negative bills:  7.7 percent and 8.1 percent, respectively.  The number 

of SDG&E households with six or more months with negative bills is considerably higher at 

22.5 percent.  The higher incidence of households with six or more months of negative bills 

in SDG&E’s service territory may be due to the combination of consistent sunshine with a 

                                                 
8  For the purposes of this analysis, a negative utility bill occurs when the PV production exceeds the 

household’s electricity consumption.  The residential billing analysis is not calculating residential monetary 

bills associated with electricity consumption.  Negative utility bills, and the period of negative bills, are 

strictly focused on PV production and utility electricity consumption, not the monetary values of customer 

bills. 
9  The data in this section use the 12 months of billing data following the installation of the PV system.  If the 

site did not have a full 12 months of utility billing data following the installation (perhaps because their 

installation was too recent), the site was included in the analysis and the available billing data was utilized.  

Therefore, some of the systems listed as 1, 3, or 6 months of negative utility bills could actually develop into 

sites with longer streams of negative bills. 
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temperate climate or a tendency to oversize systems within SDG&E’s territory (see Figure 

7-5 below for a distribution of months with negative utility bills).10   

 

Table 7-5:  Residential Participant Sites with Negative Billing Data 

IOU Months Negative 

Count of 

Sites 

Percent of 

Total 

Mean Monthly 

Negative Utility 

Usage (kWh) 

PG&E 0 449 56.2%  

 1 139 17.4% -84.1 

 3 150 18.8% -157.6 

 6 55 6.9% -253.7 

 9 6 0.8% -300.1 

SCE 0 210 62.9%  

 1 45 13.5% -109.7 

 3 52 15.6% -159.2 

 6 22 6.6% -205.1 

 9 4 1.2% -502.6 

SDG&E 0 79 46.7%  

 1 22 13.0% -116.2 

 3 30 17.8% -154.3 

 6 28 16.6% -207.4 

 9 10 5.9% -246.1 

 

Table 7-5 also lists the average size of the negative utility monthly billing data.  For all three 

utilities, the average size of the negative monthly billing data increases as the number of 

negative months within the year grows.  For PG&E, sites with only one month of negative 

billing data averaged 84.1 kWh of PV production in excess of consumption, while SCE 

households’ excess production averaged 109.7 kWh and SDG&E CSI participants’ average 

was 116.2 kWh.  For sites with nine months of PV production in excess of energy 

consumption, PG&E site’s monthly average excess production is 300 kWh, SCE site’s 

produce 502.6 kWh in excess of their monthly energy consumption and SDG&E 

participant’s excess production is 246.1 kWh per month.   

 

PV units installed under the CSI program are intended to be sized to be less than or equal to 

the household’s annual electricity consumption.  The observed increase in the average 

                                                 
10  The higher share of SDG&E households with six or more months of negative utility billing consumption 

may be due to a larger share of households with large systems relative to the household consumption having 

six or more months of post installation data. 
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monthly value of negative bills as the number of negative months rises could indicate that 

larger sized systems are responsible for the majority of the negative utility bills.  With this 

hypothesis, we examined the system size distribution for those with negative bills. 

 

Table 7-6 lists the distribution of negative months by the size of the system.  The table also 

lists the average size of the negative monthly bills by system size and the number of months 

of negative bills during the first year following the PV system’s installation.  For CSI 

participants in the billing analysis sample, 16 percent of household systems were sized up to 

2.5 kW, 39 percent were 2.5-4 kW, 35 percent were 4 to 7 kW, and only 10 percent of 

systems were larger than 7.5 kW.   

 

The distribution of months of negative utility bills across PV size shows both similarities and 

differences by the size of the system.  Similarities across system size include the finding that 

the highest share of sites by each size grouping never experiences a negative utility bill and 

all system size grouping have sites with 9-12 months of negative utility bills.  Fifty-eight 

percent of the smallest systems (less than 2.5 kW) never have a negative bill while one 

percent of the smallest systems have negative bills for 9-12 months.  For the largest sized 

systems (7.5 kW +), 40 percent of these systems do not have a negative utility bill during 

their first year of operation while 2 percent of the largest systems have negative bills for 9-12 

months.   

 

These data show that systems of all sizes can lead to situations where household PV 

production exceeds household electricity consumption.  Forty-two percent of systems smaller 

than 2.5 kW have months where their PV production exceeds the households consumption, 

38 percent of 2.5-4 kW systems have negative monthly utility bills, 45 percent of 4-7.5 kW 

systems and 60 percent of 7.5+ kW systems have months with PV production in excess of 

household consumption.  The largest sized systems have the highest share of households with 

excess monthly PV production, but the share of smallest sized systems with excess 

production is substantial. 

 

The largest difference in the distribution of months of negative utility bills illustrated in 

Table 7-6 is the average size of the negative utility consumption.11  Sites with the smallest 

size systems have negative net monthly utility bills (total household electricity consumption 

minus PV production) that range from -51 to -174 kWh.  The average negative net monthly 

utility bill, for households with negative bills, increases with the size of the system.  For 

households with 2.5-4 kW systems, the range of average negative monthly bills is from -69 

                                                 
11  In the context of this discussion, a negative utility bill implies that the household’s PV production exceeds 

their household electricity consumption for the month.  The average monthly negative utility usage listed in 

Table 7-6 is the average across negative bills, it does not incorporate the utility consumption for nonnegative 

months. 
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to -210 kWh.  For the largest systems (7.5+ kW), the range of the average negative monthly 

bills begins at a more negative level than the extreme for smallest sized systems.  For the 

largest sized systems, the range of negative bills is from -184 kWh to -656 kWh. 

 

The distribution and number of sites with negative monthly bills illustrated in Table 7-6 

shows that all sized systems can lead to negative monthly bills and that the average size of 

the excess monthly PV production grows with the size of the system.  Larger systems, on an 

individual basis, can contribute more excess electricity production than smaller sized 

systems.  Given that the majority of the systems are sized between 2.5-7.5 kW, however, the 

total excess monthly production from mid-sized systems is likely to exceed the total excess 

production from the larger sized systems. 



2009 CSI Impact Evaluation 

Residential Billing and Production Data Analysis  7-13 

 

Table 7-6:  Negative Billing Data by PV Unit Size 

Months 

with 

Negative 

Utility 

Usage 

PV Unit Size Category 

Up to 2.5 kW 2.5 - 4 kW 4 - 7.5 kW 7.5 kW + All 

n 

% of 

Sites 

Mean 

Monthly 

Negative 

Utility 

Usage n 

% of 

Sites 

Mean 

Monthly 

Negative 

Utility 

Usage n 

% of 

Sites 

Mean 

Monthly 

Negative 

Utility 

Usage n 

% of 

Sites 

Mean 

Monthly 

Negative 

Utility 

Usage 

n % 

Tot 

Sites 

Mean 

Monthly 

Negative 

Utility 

Usage 

0 124 58% 0 312 62% 0 253 55% 0 49 40% 0 738 57% 0 

1,2 29 14% -51 67 13% -69 80 18% -94 30 24% -184 206 16% -93 

3, 4, 5 34 16% -74 77 15% -103 91 20% -160 30 24% -391 232 18% -158 

6, 7, 8 22 10% -113 42 8% -174 28 6% -229 13 10% -616 105 8% -230 

9-12 3 1% -174 8 2% -210 7 2% -395 2 2% -656 20 2% -314 

 212 16% -79 506 39% -111 459 35% -151 124 10% -354 1,301 100% -153 
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Table 7-7 lists the most common month with negative billing data by utility during the 

analysis period.  Not surprisingly, the largest number of negative utility bills occurs in the 

spring.  During the spring, sunshine is abundant, yet temperatures are relatively low, 

contributing to a period with high PV production and limited CAC loads.  For PG&E, 17.8 

percent of the CSI negative utility bills occurred in May while the most common month for 

negative utility bills for SCE and SDG&E is April.   

 

Table 7-7:  Most Common Month with Negative Billing Data 

IOU Month Count Percent of Total 

Mean Monthly 

Negative Utility 

Usage (kWh) 

PG&E May 218 17.8% -194 

SCE Apr 84 18.6% -234 

SDG&E Apr 65 14.5% -248 

 

Figure 7-5, Figure 7-6, and  

Figure 7-7 illustrate the monthly distribution of negative bills for the three IOUs.  The 

distribution of monthly negative utility bills shows both similarities and differences across 

the three utilities.  For all three utilities, the distribution of negative bills is low during the 

winter when PV production is lower, rising during the spring when sunshine is abundant and 

loads are low, and then falling as the late summer CAC loads rise.  For PG&E the rise in 

negative bills occurs later during the spring as the increased summer sunlight is later to hit 

the northern part of the state and the high share of negative bills lasts longer into the summer 

for PG&E than for SCE.  The earlier rise is SCE’s incidence of negative bills and the quicker 

decline may be due to the South’s earlier spring and the more substantial air conditioning 

load in Southern and Central California.  SDG&E’s share of negative bills is relatively flat 

across the spring, summer, and fall months when compared to the other two utilities, perhaps 

due to the sunny but relatively temperate climate in San Diego.   

 

 



2009 CSI Impact Evaluation 

Residential Billing and Production Data Analysis 7-15 7-15 

Figure 7-5:  PG&E Negative Utility Billing Data Distribution by Month  

 
 

 

Figure 7-6:  SCE Negative Utility Billing Data Distribution by Month  
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Figure 7-7:  SDG&E Negative Utility Billing Data Distribution by Month  

 
 

Based on this and the CAISO peak in September 3, 2009, as well as the IOU peaks of 

September 3, 2009 for SDG&E and SCE and July 14, 2009 for PG&E, it may be likely that 

the most PV systems were not net exporting during that month.  However, this is dependent 

on the host’s load profile examined in our next Section.  In addition to the peaks, from 

Section 5 we also examined the top 100 CASIO hours listed below again in Error! 

Reference source not found..  There is minimal overlap between the months with the most 

peak hours (September) and the peak months of export across the differ IOUs (April and 

May).  

 

Table 7-8:  Months of Top 100 CAISO Demand Hours 

Month Hours 

July 10 

August 36 

September 54 

 

In the load profile section (Section 8), the evaluation team explicitly examines a few sites on 

these peak days and months to analyze this interaction between usage, PV generation, and 

energy export. 
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Yearly Net Negative Residential Participants 

The above discussion centers on the number of months a CSI participant’s PV production 

exceeds their household consumption, leading to negative monthly utility energy 

consumption.  A few months of negative monthly utility energy consumption, however, does 

not necessarily lead to a site having net negative utility energy consumption for the year.  A 

site with net negative yearly utility consumption can incorporate both months with positive 

and negative utility energy consumption.  Net negative yearly consumption implies that the 

size of utility consumption for months with positive utility consumption is less than the 

excess PV production during the months with negative utility consumption. 

 

California recently passed legislation (AB 920) enabling households with excess yearly PV 

production, or yearly net negative utility bills, to sell the net surplus to the utility.  The ability 

to sell the yearly excess will provide these households with incentive to reduce their energy 

consumption and increase their supply of excess PV production to the grid.   
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Currently, there is little publicly available information on the distribution of yearly net 

negative residential customers or the average size of these customers’ contributions to the 

grid.  Table 7-9 lists the CSI participant households with net negative yearly utility 

consumption and those with positive yearly utility consumption.  The data presented in this 

table is limited to sites with at least 12 months of post installation utility bills.12  This 

restriction is necessary to determine if the household is a yearly net negative household. 

 

Table 7-9:  Distribution of Monthly Utility Consumption before and After PV 
Installation by Utility and Yearly Net Negative Status 

Utility 

12 Months 

Net 

Negative 

Utility 

Bills 

Pre/ 

Post 

PV 

Period Sites 

Monthly 

Average 

Utility 

Bill 

(kWh) 

Monthly 

Average 

Min 

(kWh) 

Monthly 

Average 

Max 

(kWh) 

Month 

SD13 

(kWh) 

Share of 

PV Sites 

with 12 

Month 

Net 

Negative 

Average 

PG&E N Pre 660 998 82 4,788 590   

PG&E N Post 684 491 1 4,271 405   

PG&E Y Pre 21 566 84 2,224 549   

PG&E Y Post 23 -179 -1,675 -2 341 3% 

SCE N Pre 231 1,131 107 5,204 665   

SCE N Post 241 544 4 3,080 454   

SCE Y Pre 10 682 332 2,036 517   

SCE Y Post 13 -83 -217 -6 68 5% 

SDG&E N Pre 75 1,156 120 4,366 803   

SDG&E N Post 83 429 0 3,462 623   

SDG&E Y Pre 20 663 184 2,348 565   

SDG&E Y Post 23 -118 -460 -4 101 22% 

 

Comparing the pre monthly average utility bills across households with and without 12 

months of net negative utility bills, households with net negative yearly utility bills have 

substantially lower pre-installation consumption than non-negative households.  For PG&E 

net negative households’ average monthly consumption prior to PV installation is 566 kWh 

while non-negative households averaged 998 kWh per month.  For SCE net negative 

households’ pre consumption averaged 682 kWh and the non-negative households’ monthly 

                                                 
12  The analysis was first limited to sites with 12 months of post billing data.  The sites used to create the pre 

billing average monthly consumption used the restricted data set and further limited the pre monthly average 

to those sites with 12 months of pre billing data.  Comparing the number of observation in Table 7-9 with 

those in Table 7-5 illustrates the reduction in samples sizes when sites are limited to those with 12 months of 

post installation data. 
13 SD = Standard Deviation  
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average was 1,131 kWh.  Similarly, for SDG&E, net negative households’ averaged 663 

kWh per month while the average for non-negative households’ was 1,156 kWh.  Lower 

levels of pre-installation energy consumption appears to increase the probability that a 

household sizes their system enabling them to have yearly net negative utility consumption. 

 

In PG&E’s service territory, 23 households within our sample have yearly net negative 

consumption.  The 23 households comprise 3 percent of all PG&E households included in 

this analysis.14  The average monthly value of the negative utility consumption is -179 kWh.  

The sample of PG&E net negative households includes one very large negative household 

averaging -1,675 kWh of monthly excess PV production.  If this household is removed from 

the group of PG&E households, the average monthly value of the negative utility 

consumption is -110 kWh.15   

 

In SCE’s territory, 13 CSI households from our sample of households with billing data have 

yearly net negative consumption.  The 13 households comprise 5 percent of our sample of 

SCE CSI participant households with 12 months of post installation billing data.  The 

average monthly value of the households’ negative utility consumption is -83 kWh. 

 

In SDG&E’s territory, 23 households, from our sample of households with billing data, have 

yearly net negative consumption.  The 23 households comprise 22 percent of our sample of 

SDG&E CSI participant households in this analysis.  The higher share of SDG&E 

households with yearly net negative utility bills relative to SCE and PG&E is consistent with 

the higher share of SDG&E households with at least one month of negative utility billing 

data (see Table 7-5).   

 

                                                 
14  To be included in this analysis, a household was required to have been included in the billing sample and to 

have 12 month of post PV installation billing data. 

15  The available billing data did not include any pre PV installation data for this very large net negative 

household.  If the PV system was sized to the previous load, it is possible that the house changed ownership, 

leading to our inability to match pre and post installation meters and the lower post installation 

consumption.  A lower post installation load could also be associated with substantial changes in household 

usage due to changes in electrical appliances or behaviors. 
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The data in Table 7-9 shows that yearly net negative households have a lower level of pre 

installation consumption than non-negative households.  To determine if the size of the 

household’s pre-CSI average monthly consumption is related to the size of the yearly net 

negative average monthly surplus production, these households were divided into four pre-

consumption groupings:  small consumption households that had less than 500 kWh of pre-

installation average monthly consumption, medium consumption households that used 500-

1,000 kWh of pre-installation average monthly electricity, larger consuming households that 

averaged more than 1,000 kWh per month, and a group of households that did not have pre-

installation billing data.   

 

Table 7-10 lists the average monthly negative bill for yearly net negative households by pre-

installation usage group.  The largest group of yearly net negative households are households 

with the smallest pre-installation average monthly consumption.  The yearly pre-installation 

consumption of this group of households is closer to the average across all households in 

California (approximately 7,100 kWh per year for single family homes) than the average for 

CSI households (approximately 12,000 kWh per year, see Table 7-22).16   

 

Table 7-10:  Size of Average Monthly Bill for Yearly Net Negative Households 
by Pre-CSI Average Monthly Consumption 

 

Sites 

Pre Monthly 

Average Bill 

(kWh) 

Post Monthly 

Average Bill 

(kWh) 

Pre Monthly Average < 500 kWh 28 302  -87 

Pre Monthly Average 500-1,000 kWh 14 637  -90 

Pre Monthly Average > 1,000 kWh 9 1,620  -182 

Less than 12 Month Pre Consumption 8   -320* 
*If the largest surplus producer is removed from this group of sites, the average monthly bill falls to -112 kWh. 

 

As shown in Table 7-10, the 28 households with low levels of pre-installation consumption 

produced an average monthly surplus of -87 kWh.  The size of the average monthly surplus 

for the 14 households with 500-1,000 kWh of pre-installation consumption is approximately 

equal to the surplus achieved by the smaller households, -90 kWh.  Together, these 

households accounted for an average net monthly surplus of 3,696 kWh ((28 * 87) + (14 * 

90)). 

 

                                                 
16  The yearly average consumption for single family households in California is derived from the California 

Statewide Residential Appliance Saturation Survey Final Report, June 2004.  Section 5 of this report states 

that the typical household in California consumes approximately 5,914 kWh per year.  The larger 

consumption referenced above (7,100 kWh per year) is for single family households which have a higher 

average consumption level than the combination of single family, multi family, and mobile home 

households.   
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For yearly net negative households with pre-installation consumption equal to or larger than 

the CSI average (1,000 kWh per month), the size of the monthly average net negative surplus 

is approximately double the surplus achieved by smaller households.  Within our sample of 

households, the number of households in the larger pre-installation consumption group 

though is small (nine sites) relative to the number of smaller household (42 sites) with yearly 

surpluses.  Within our sample of households with 12 months of post installation billing data, 

the total average monthly surplus achieved by the smaller households (3,696 kWh) exceeds 

the average monthly surplus from the larger households (9 * 182 = 1,628 kWh).  

 

Table 7-10 also includes eight households with 12 months of post installation data but less 

than 12 months of pre installation data.  The average monthly surplus for these sites is 320 

kWh.  These sites, however, include one extremely large yearly net negative site contributing 

an average surplus of 1,625 kWh per month.  If the extremely large site is removed, the 

average net surplus for these sites falls to 112 kWh.   

 

The lack of pre billing data, in combination with the substantial surplus production of these 

eight households, led the team to try to determine potential causes for the surplus production.  

One possibility for the surplus production was that the systems were not sized for the current 

occupants, that the house had new homeowners and the PV was installed either shortly prior 

to or shortly after the home changed ownership.  Unfortunately, the phone survey does not 

include information on when the current residents moved into the home.  To test the 

hypothesis of new home ownership, these eight sites were researched on Zillow.com to 

determine the date of the most recent change in home ownership.  Of the eight sites, two 

were not found on Zillow, four sites were built or had new owners within a year and a half of 

the solar installation, and the other two were not new home owners.  The high incidence of 

new home ownership in this group of yearly net negative homes may explain our inability to 

link these homes to their previous billing data and it may have contributed to the excess 

sizing of the homes’ PV systems.  We investigate this as well in Section 10 and the interplay 

of energy efficiency and PV systems. 
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Table 7-11 lists our sample of yearly net negative utility consumption and net positive utility 

consumption sites by IOU and the size of the PV system.  For this table, the extremely large 

PG&E site has been removed from the sites presented in the table.  The data presented in the 

table indicates that they average system size for yearly net negative and net positive sites are 

comparable.  Yearly net negative sites do not have larger systems installed, on average, than 

yearly net positive sites.  Given the data presented in Table 7-9 and Table 7-11, our sample 

of yearly net negative sites tend to be sites with lower levels of pre-installation consumption 

who install average size systems.  The combination of lower levels of consumption and 

average sized systems increases the opportunity for the sites to produce excess electricity. 

 

Table 7-11:  Yearly Net Negative and Positive Sites by IOU and System Size 

  Yearly Net Negative Sites Yearly Net Positive Sites 

 IOU Sites Mean 

System 

Size (kW) 

Mean 

kWh 

Sites Mean 

System 

Size (kW) 

Mean 

kWh 

PG&E 22 4.39 -110.6 684 4.15 491.09 

SCE 13 4.74 -82.9 241 4.72 543.8 

SDG&E 23 4.64 -118.1 83 4.96 428.46 

 

 

Tier Analysis 

Program participants installed and sized their PV systems for a number of reasons.  One 

strong motivator is the utility rate tier and the financial benefits of moving down a tier.17  

Each utility has a tier structure, by which participants who use more electricity pay higher 

rates.  Each utility operates the tier structure differently and, while not all participants are 

enrolled in rate structures with tiers, most are.   

 

Phone survey responses (See Sections 4 and 11) suggest that the many customers are 

motivated financially with the goal of reducing their utility bill.  As such, participants may 

install PV panels in order to reduce their tier and, by extension, their price per kWh. 

 

To help understand the effects of this motivator, the evaluation team performed an analysis 

of the effect of the PV system installation on the participants’ tier groups.  It includes both 

participants and nonparticipants.  The comparison to nonparticipants ensures that the changes 

observed are not attributable only to weather or economic effects.  The analysis includes 

those respondents who are in tier-based rate structures and have utility billing data available 

for the summers of 2007 and 2009.  It includes only participants who installed PV systems in 

                                                 
17 Section 11 explores in-depth the motivation to “go solar”. 
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200818, in order to have a clean comparison of changes in net (utility-supplied) energy 

consumption between the pre- and post-PV installation period.   

 

This analysis does not include Time-of-Use (TOU) rates.  While the number of TOU 

customers is increasing, and those with PV installations clearly benefit from a TOU rate 

structure that favors off-peak consumption, our sample did not have enough of these 

customers to support the analysis presented in this section.   

 

Table 7-12 shows the summer tier structure for each California utility.  Each customer is 

assigned a baseline kWh, which varies depending on their climate zone and the season.  A 

customer who does not exceed the baseline is in Tier 1, and pays the baseline rate.  Tiers are 

structured in “buckets”, such that a PG&E customer in Tier 5 would pay 12 cents per kWh 

for their first 100 percent of baseline, 14 cents for the next 30 percent, 29 cents for the next 

70 percent, and so on.  PG&E and SCE have five tiers, while SDG&E has four tiers.   

 

Table 7-12:  Residential Summer Tier Structures for California Utilities*  

Tier 

Percent of 

Baseline Usage PG&E 19 SCE 20 SDG&E 21 

1 0%-100% 0.12¢ 0.05¢ 0.13¢ 

2 101% - 130% 0.14¢ 0.07¢ 0.15¢ 

3 131% - 200%  0.29¢ 0.16¢ 0.28¢ 

4 201% - 300%  0.42¢ 0.19¢ 0.30¢ 

5 Over 300%  0.50¢ 0.23¢   

*  Excludes fixed charges 

 

For the purposes of this analysis, a “zero net energy” group is included to represent those 

who consumed zero electricity from the utility or who were net electricity producers during 

the summer of 2008.  This is not a utility rate tier, but simply a convention used here to 

quantify customers whose energy use is met entirely by their PV system.  Some of these 

participants were net producers in summer and net consumers in winter.   

 

                                                 
18   Systems installed between the Fall of 2007 and the Spring of 2009 are considered “installed in 2008” for our 

purposes, as they have a full summer of billing data before and after the PV installation.   
19  PG&E. Electric Schedule E-1 Residential Services.  CPUC Sheet 27332-E. Advice Letter 3238-E. Effective 

May 1 2008 
20  SCE.  Schedule D Domestic Service.  CPUC Sheet No. 46574-E.  Effective March 1 2010 
21  SDG&E. Schedule DR Residential Service.  Advice Letter 2135-E.  CPUC Sheet No. 21531-E.  Effective 

January 1 2010 
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Pre and Post PV Tiers  

Customers move from one tier to another by reducing or increasing their usage.  This can 

occur for many reasons, including installing or removing energy using equipment, changing 

behavior, weather impacts, or when customers install alternative energy systems like PV.  

The following charts show how participant and nonparticipant data changed between the 

summers of 2007 and 2009. 

 

To clarify further, a customer that is in Tier 3 has used all of the energy allotted to him in 

Tiers 1 and 2, and is now using the energy allotted in Tier 3.   

 

Figure 7-8 shows a comparison of 2007 and 2009 summer tier status for PG&E program 

participants and nonparticipants.  In 2007, participants used slightly more electricity than 

nonparticipants, with participants having a higher representation in Tier 5.  For 

nonparticipants, there were very little changes in their utility electric consumption between 

2007 and 2009.  Nearly the same percentage of nonparticipants is in each tier during both 

time periods.  This suggests that there were no significant behavior, weather, or other usage 

changes that spanned the nonparticipant population.   

 

Figure 7-8:  PG&E Participant and Nonparticipant Tiers—Summer 2007 & 2009 
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For participants, however, tier status changes dramatically.  In 2007, there were a large 

number of participants in Tiers 4 and 5, but in 2009 there were very few participants in these 

tiers.  The number of participant households in Tiers 1 and 2 went up significantly in 2009, 

and about 13 percent of participants report zero or negative usage (net production) for the 

summer of 2009. 

 

Figure 7-9 shows a comparison of 2007 and 2009 summer tier status for SCE program 

participants and nonparticipants.  A significantly higher percentage of participants were in 

Tier 5 in 2007 than nonparticipants, suggesting that SCE program participants are more 

likely to be high electricity users than nonparticipants.  For nonparticipants, only minor 

changes are apparent in their utility consumption between the summers of 2007 and 2009.  In 

2007, almost 60 percent of participants were in Tier 5, while only about 4 percent of 

participants were in Tier 5 in 2009.  About 6 percent of participants report zero or negative 

usage in summer 2009. 

 

Figure 7-9:  SCE Participant and Nonparticipant Tiers—Summer 2007 & 2009 

0%

10%

20%

30%

40%

50%

60%

70%

2007 Tier 2009 Tier 2007 Tier 2009 Tier

Part (n=87) NonPart (n=94)

P
e
r
c
e
n

t 
o

f 
T

o
ta

l 
C

u
st

o
m

er
s

Zero Net Energy Tier 1 Tier 2 Tier 3 Tier 4 Tier 5
 

 



2009 CSI Impact Evaluation 

7-26 Residential Billing and Production Data Analysis 

Figure 7-10 shows a comparison of 2007 and 2009 summer tier status for SDG&E program 

participants and nonparticipants.  In 2007, participants and nonparticipants used about the 

same amount of electricity, as reflected in their tier status.  There were little changes in utility 

electric consumption between 2007 and 2009 for nonparticipants.  For participants, however, 

the number of households in Tiers 4 and 5 goes almost to zero in 2009.  For participant 

households, Tiers 1 and 2 went up significantly, and about 32 percent of participants went to 

zero net energy for the summer of 2009. 

 

Figure 7-10:  SDG&E Participant and Nonparticipant Tiers—Summer 2007 & 
2009 
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Individual Tier Shifts 

Having looked at numbers of customers in tiers before and after PV installation, the 

evaluation team looked at the changes in tiers or tier shift for individual customers.  For 

instance, were households with zero or negative utility electricity usage primarily former Tier 

1 customers, or were they former Tier 5 customers?   

 

Table 7-13 shows the tier shifts for individual PG&E program participants and 

nonparticipants.  As expected, the vast majority of nonparticipants remained in the tier in 

which they started.  For participants, about 75 percent dropped one, two, or three tiers –with 

similar distribution among these three tier reductions.  The single largest participant group 
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dropped from Tier 3 to Tier 1.  About 3 percent of participants dropped all the way from Tier 

5 to zero net energy use (meaning that their cumulative summer usage was entirely supplied 

by their PV system).  This group has an average system size of 9 kW. 

 

Table 7-13:  PG&E Individual Tier Shifts Summer 2007 & 2009 

2007 Tier 2009 Tier 
Participants 

(n=144) 
Nonparticipants 

(n=328) 

5 5 0% 11% 

5 4 2% 4% 

5 3 11% 0% 

5 2 4% 0% 

5 1 2% 0% 

5 Zero Net Energy 3% 0% 

SubTotal:* 21% 15% 

4 5 0% 3% 

4 4 1% 17% 

4 3 11% 4% 

4 2 11% 0% 

4 1 2% 0% 

4 Zero Net Energy 1% 0% 

SubTotal:* 26% 24% 

3 5 0% 1% 

3 4 0% 4% 

3 3 10% 21% 

3 2 6% 5% 

3 1 16% 1% 

3 Zero Net Energy 3% 0% 

SubTotal:* 34% 32% 

2 5 0% 0% 

2 4 0% 0% 

2 3 0% 8% 

2 2 1% 7% 

2 1 5% 2% 

2 Zero Net Energy 1% 0% 

SubTotal:* 7% 17% 

1 5 0% 0% 

1 4 0% 0% 

1 3 0% 1% 

1 2 1% 1% 

1 1 5% 11% 

1 Zero Net Energy 5% 0% 

SubTotal:* 11% 13% 

Total: 100% 100% 

* Subtotal values may not add up exactly due to rounding. 
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Table 7-14 shows the tier shifts for individual SCE program participants and nonparticipants.   
  

Table 7-14:  SCE Individual Tier Shifts Summer 2007 & 2009 

2007 Tier 2009 Tier 
Participants  

(n=87) 
Nonparticipants  

(n=94) 

5 5 4% 24% 

5 4 11% 9% 

5 3 22% 2% 

5 2 13% 0% 

5 1 8% 0% 

5 Zero Net Energy 
 

0% 

SubTotal:* 58% 34% 

4 5 0% 11% 

4 4 3% 21% 

4 3 6% 8% 

4 2 5% 1% 

4 1 11% 0% 

4 Zero Net Energy 1% 0% 

SubTotal:* 25% 41% 

3 5 0% 0% 

3 4 0% 2% 

3 3 0% 9% 

3 2 2% 4% 

3 1 5% 1% 

3 Zero Net Energy 
 

0% 

SubTotal:* 7% 16% 

2 5 0% 0% 

2 4 0% 0% 

2 3 0% 0% 

2 2 0% 3% 

2 1 2% 1% 

2 Zero Net Energy 2% 0% 

SubTotal:* 4% 4% 

1 5 0% 0% 

1 4 0% 0% 

1 3 1% 1% 

1 2 0% 0% 

1 1 1% 4% 

1 Zero Net Energy 3% 0% 

SubTotal:* 5% 5% 

Total: 100% 100% 

* Subtotal values may not add up exactly due to rounding. 

 

As expected, the vast majority of nonparticipants remained in the tier in which they started.  

Similar to PG&E, about 25 percent of participants dropped one tier, about 25 percent 

dropped two tiers, and about 25 percent dropped three tiers.  The single largest participant 
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group dropped from Tier 5 to Tier 3.  In SCE’s rate structure, the biggest rate decline is 

between Tiers 3 and 2 (from 16 cents to 7 cents per kWh).  About 44 percent of program 

participants made this drop from Tiers 3 to 5 to zero net energy and Tiers 1 to 2. 

 

Table 7-15 shows the tier shifts for individual SDG&E program participants and 

nonparticipants.  As mentioned above, SDG&E has only four tiers.  The majority of SDG&E 

nonparticipants remained in the same tier in 2009 and 2007.  About 36 percent of participants 

dropped two tiers, and about another 36 percent dropped three tiers.  The single largest 

participant group dropped from Tier 4 to Tier 1.  In SDG&E’s rate structure, the biggest 

monetary rate reduction is between Tiers 3 and 2 (from 28 cents to 15 cents per kWh).  

About 83 percent of program participants made this drop (from Tiers 3-4 to Tiers 0-2).  

SDG&E had the largest percentage of tier zero participants in 2009, with them starting (in 

2007) in Tiers 4, 3, and 1 about evenly. 
  

Table 7-15:  SDG&E Individual Tier Shifts Summer 2007 & 2009 

2007 Tier 2009 Tier 
Participants  

(n=53) 
Nonparticipants  

(n=55) 

4 4 4% 53% 

4 3 
 

7% 

4 2 18% 0% 

4 1 25% 0% 

4 Zero Net Energy 10% 0% 

SubTotal:* 58% 60% 

3 4 0% 11% 

3 3 0% 16% 

3 2 0% 4% 

3 1 18% 0% 

3 Zero Net Energy 12% 0% 

SubTotal:* 29% 31% 

2 4 0% 0% 

2 3 0% 0% 

2 2 0% 2% 

2 1 1% 0% 

2 Zero Net Energy 
 

0% 

SubTotal:* 2% 2% 

1 4 0% 2% 

1 3 0% 0% 

1 2 
 

2% 

1 1 
 

4% 

1 Zero Net Energy 10% 0% 

SubTotal:* 11% 7% 

Total: 100% 100% 

* Subtotal values may not add up exactly due to rounding. 
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Tier Analysis Summary 

Tier status seems to provide a strong motivator for PV installation.  Most customers who 

install PV were in the higher tiers prior to the installation, and thus had significant dollar-

saving potential from offsetting electricity usage by installing PV.  Most CSI participants 

began in the higher tiers, then move to the lower tiers after PV installation. 

 

Comparing participants to nonparticipants, it becomes apparent that weather and economic 

factors did not significantly change tier status for nonparticipants between 2007 and 2009.  

Therefore, it can be concluded that PV installation, combined with any adopted energy 

efficiency measures, caused the significant tier and bill reductions seen in the participant 

population. 

 

Solar Generation, Electricity Consumption, and Negative Utility Bills 

Using the billing and PV generation data it is possible to combine the discussion of the share 

of household consumption (utility + PV generation) fulfilled by PV generation with the 

analysis of the distribution of negative utility bills.  Table 7-16 lists the household 

consumption, PV generation, and PV as a share of consumption for households with 12 

months of PV generation data by utility and the number of months of negative utility billing 

data.   

 

As anticipated, the PV generation share of consumption for households with no negative 

utility billing months is substantially lower (44 percent) than the share for households with 

even only one month (62 percent) of negative utility bills.  The data presented in Table 7-16 

shows that PV’s share of consumption for households with 6 months of negative utility bills 

averages 96.8 percent across all utilities while households with 9 months of negative utility 

bills average PV production is 138.9 percent of their consumption. 
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Table 7-16:  PV Generation as a Share of Consumption by IOU and Number of 
Months of Negative Bills 

IOU 

Number of 

Months 

of Negative Reads Sites 

Avg. Monthly 

Consumption 

(kWh) 

Avg. Monthly 

PV Generation 

(kWh) 

PV as Percent 

of Consumption 

PG&E Zero 333 1,159 495 42.7% 

PG&E One 107 927 553 59.7% 

PG&E Three 110 781 555 71.0% 

PG&E Six 43 509 480 94.3% 

PG&E Nine 5 318 525 164.8% 

PG&E All 598 994 515 51.8% 

SCE Zero 117 1,283 619 48.3% 

SCE One 28 1,110 750 67.6% 

SCE Three 30 820 650 79.3% 

SCE Six 15 687 678 98.6% 

SCE Nine 2 639 823 128.7% 

SCE All 192 1,132 650 57.4% 

SDG&E Zero 34 1,303 543 41.7% 

SDG&E One 9 929 627 67.4% 

SDG&E Three 21 1,104 886 80.3% 

SDG&E Six 25 665 658 99.0% 

SDG&E Nine 10 537 718 133.7% 

SDG&E All 99 988 670 67.8% 

Total Zero 484 1,199 528 44.0% 

Total One 144 962 596 61.9% 

Total Three 161 831 616 74.1% 

Total Six 83 588 569 96.8% 

Total Nine 17 485 674 138.9% 

Total All 889 1,023 562 54.9% 

 

The data presented across all utilities or as “Total” in Table 7-16 and illustrated in Figure 

7-11 shows that the average household consumption falls as the number of months of 

negative bills rises while PV generation remains relatively constant.  Households with no 

negative utility bills have an average monthly consumption of 1,199 kWh and a monthly 

production of 528 kWh.  Households with three months of negative bills have an average 

monthly consumption of 831 kWh and their monthly PV production is 616 kWh.  In 

comparison, households with nine months of negative bills have an average monthly 

consumption of only 485 kWh while their monthly PV production averages 674 kWh.  These 
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data indicated that households with no negative bills have higher electricity consumption and 

that PV systems, while sized with household consumption, may have either designed limits, 

or be limited by other factors such as the available roof space.  

 

Figure 7-11:  PV Generation and Consumption by the Number of Months of 
Negative Bills* 

 
*The number of months of negative bills is represented along the horizontal axis. 
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Figure 7-12 illustrates the PV generation share of household consumption by utility and the 

number of months of negative bills.  The figure illustrates that the average PV share of 

consumption is higher for households in SDG&E’s service territory.  The higher SDG&E PV 

share is also shown in the data presented in Table 7-16 where SDG&E’s average PV 

consumption share is 67.8 percent, while SCE’s share is 57.4 percent, and PG&E’s share is 

51.8 percent. 

 

Figure 7-12:  PV Generation as a Share of Consumption by IOU and Number of 
Months of Negative Bills* 

 
* The number of months of negative bills is represented along the horizontal axis. 
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Changes in Energy Consumption 

Using the residential billing and PV generation data it is possible to calculate the household 

energy consumption for the 12 months prior to PV installation and for the 12 months after the 

system’s installation.  Table 7-17 lists the number of sites with billing data by utility and the 

number of sites with 12 months of billing prior to and after the installation of PV.  

 

Table 7-17:  CSI Participant Sites with 12 Months of Pre- and Post-Installation 
Billing Data 

IOU 

Total Sites with 

Billing Data 

Sites with 12 

Months of Pre- and 

Post-Billing Data 

Share of Sites with 

12 Month Pre and 

Post 

PG&E 799 681 85.2% 

SCE 334 243 72.8% 

SDG&E 169 95 56.2% 

 

For the sites with 12 months of pre- and post-installation billing data and PV generation data, 

Table 7-18 lists the ratio of utility bills divided by the sum of post-utility bills and PV 

generation or the ratio of pre- and post-electricity consumption.  If the household does not 

change its energy consumption following the installation of PV, the ratio of pre- and post-

electricity consumption will be one.  The ratio of pre- and post-installation consumption is 

greater than one for all three utilities.  Therefore, the average 12 months of post-installation 

consumption are less than the energy consumption during the 12 months prior to PV 

installation.  For all three IOUs, the post-PV installation average household consumption 

(utility bills plus solar production) is less than the pre-PV household consumption. 

 

Table 7-18:  Ratio of Pre- and Post-Electricity Consumption by Utility 

IOU 

Sites with 12 Months of 

Pre- and Post-Billing Data 

Pre-Utility Bills Divided by 

Post-Utility Bills and 

Generation 

PG&E 681 1.13 

SCE 243 1.07 

SDG&E 95 1.07 
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Table 7-19 lists the distribution of pre- and post-electricity consumption by utility.  The 

results indicated that for PG&E and SDG&E over 40 percent of sites have pre- and post-PV 

electricity consumption that are within 10 percent of each other, while only approximately 27 

percent of sites in SCE have pre-electricity consumption within 10 percent of post-

consumption.  For all three IOUs, it is more common for pre-consumption to exceed post-PV 

installation consumption.   

 

Table 7-19:  Pre- and Post-Electricity Consumption Distribution by Utility 

Utility 

PG&E 

Site 

PG&E 

% of 

Sites 

SCE 

Site 

SCE 

% of 

Sites 

SDG&

E Site 

SDG&E 

% of 

Sites 

Pre is Less than 50% of Post 6 0.9% 11 4.6% 1 1.1% 

Pre is 50% to 90% of Post 140 20.6% 76 31.4% 14 14.7% 

Pre- and Post are within 10%  292 42.9% 66 27.3% 44 46.3% 

Pre is 110% to 150% of Post 196 28.8% 73 30.1% 33 34.7% 

Pre is more than 150% of Post 47 6.9% 16 6.6% 3 3.2% 

 

Table 7-20 lists the average monthly consumption for the 12 months prior to and post-PV 

installation for those sites with 12 months of pre- and post-utility bills and 12 months of post-

PV production data.  For all three utilities, the size of the average increase or decrease in 

consumption is relatively small.  PG&E’s average monthly consumption falls by 

approximately 30 kWh, SCE’s rises by 44 kWh and SDG&E’s falls by 52 kWh.  Using a t-

test for differences in means, the pre-/post-difference in consumption is not statistically 

significant for SDG&E but is statistically significant for PG&E and SCE.  The statistical 

significance of PG&E and SCE is largely a function of their larger sample sizes and their 

slightly smaller consumption standard deviations. 

 

Table 7-20:  Pre- and Post-Average Consumption by Utility 

Utility 

Monthly 

Observations 

Average 

Consumption Standard Deviation 

PG&E Pre PV 8172 984.4 643.9 

PG&E Post PV 8172 955.1 680.9 

SCE Pre PV 2904 1086.0 750.9 

SCE Post PV 2904 1130.1 831.6 

SDG&E Pre PV 1140 1052.0 809.6 

SDG&E Post PV 1140 1000.9 839.8 
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There are many reasons why pre- and post-installation consumption may differ.  Pre-

installation consumption may exceed post-installation consumption due to the following: 

 

 Conservation following the PV installation, 

 Energy efficiency measures installed following the installation of PV, 

 Major retrofit that reduces energy consumption, 

 Weather’s influence on consumption, 

 Macro-economic or recessionary influences on consumption, 

 Inaccurate date associated with the installation of PV, and 

 Missing or incomplete PV generation data. 

 

Post-installation consumption may exceed pre-installation consumption due to the following: 

 

 Behavioral change associated with the knowledge that you are producing so you 

are “allowed” to use more, 

 Price effect due to the lower tier price of electricity following PV installation, 

 Major retrofit that increases energy consumption, 

 Weather’s influence on consumption,  

 Inaccurate date associated with the installation of PV, and  

 Inaccurate PV generation data. 

 

Looking at the pre- and post-installation consumption values, it is not possible to determine 

the cause for the apparent fall in average electricity consumption following the installation of 

a PV system.  In our next section, we examine explicitly how this sample moves within the 

billing tier structures used by each of the IOUs pre- and post-solar using a control group of 

nonparticipants. 

 

The following section will present the methodology and results associated with a SAE billing 

analysis that distinguishes among the alternative causes for consumption increase or decrease 

following the installation of PV.   

 

 

7.3  Billing Analysis Methodology and Data 

The objective of the CSI residential billing analysis is multi-faceted.  The primary focus of 

the billing analysis is to determine the realized reduction in utility energy consumption from 

the installation of PV systems.  The billing analysis will also compare the usage of CSI 

participant and nonparticipants to determine if the post-installation usage of CSI participants 

presents evidence of behaviorally induced increases in consumption, decreases in 

consumption, or no change in consumption.  The analysis will also analyze the first-year 
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energy impacts for energy efficiency measures installed under the 2007-2009 IOU 

programs.22   

 

The billing analysis uses a statistically adjusted engineering (SAE) model to estimate the 

gross realization rate for PV installation and the first-year energy impacts for energy 

efficiency measures.  The billing analysis is specified using CSI participants and 

nonparticipants.  The analysis uses customer billing data, independent variables gathered 

during the phone survey, CSI PowerClerk data that are used to help determine timing of PV 

installation and PV generation for the non-metered systems, energy generation data 

associated with PV installation, and IOU program tracking data to determine the timing of 

the installation of energy efficiency measures and the savings associated with the installed 

efficiency measures.  The models are estimated separately by utility. 

 

The realization results for the CSI generation data and the energy efficiency savings of the 

billing regression analysis are estimated as ratios, termed “SAE coefficients,” of realized 

impacts for the PV generation and engineering energy efficiency impact estimates.  These 

realized impacts represent the fraction of the generation and energy efficiency impacts 

actually observed or detected in the statistical analysis of the billing data.  The SAE 

coefficients are estimated for PV generation and an aggregated measure of the household’s 

energy savings for energy efficiency measures.23  The billing analysis also incorporates 

individual and time fixed effects and individual household information collected during the 

phone surveys.  This analysis uses the estimated coefficient on the determinants of 

consumption for participants and nonparticipants to determine if CSI participants increase or 

decrease their energy consumption relative to CSI nonparticipants. 

 

As discussed in detail below, the billing regression analysis was conducted on a sample of 

phone surveyed participants and nonparticipants.  Incorporating nonparticipants into the 

billing analysis helps to control for macro-economic influences and changes in society wide 

perceptions of energy and the environment that may influence the relationship between 

energy consumption, PV generation, energy efficiency measures, and household 

characteristics.  The control group was chosen to match closely with the CSI participant 

sample using data collected during the phone survey including the household square footage, 

the presence of a pool or spa, and the home’s zip code.24 

                                                 
22  The energy efficiency measures analyzed as part of this analysis are limited to those receiving downstream 

rebates from the IOU residential energy efficiency programs. 
23  The realization rate for energy efficiency measures is an aggregate impact for all energy efficiency installed 

at the home.  The model does not attempt to estimate the separate realization rates for each unique energy 

efficiency measure. 
24  The control group development did not include the home’s utility electricity consumption.  At the time the 

control group was chosen, the team did not have access to either the participants’ or the nonparticipants’ 

utility billing data. 
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The model is dependent on extensive billing data.  The evaluation team requested billing data 

that would extend 12 months prior to the first participant installation of PV systems under the 

CSI program and as long after the installation of the PV system as possible.25  The first step 

of the modeling process develops the dependent variable as the monthly utility electricity 

consumption in a given period.   

 

The monthly utility consumption is largely explained by the site’s average monthly 

consumption (the site specific fixed effect), the level of monthly PV production, the 

engineering estimates of savings from the installation of energy efficiency measures, the 

influence of weather, and household characteristics include the presence of high intensity 

electrical appliances, the home’s square footage, and the number of people in the household.  

The estimated coefficient on the PV generation and the engineering estimates of saving are 

the SAE realization rates.  The estimated realization rates describe the share of generation 

and energy efficiency savings observable in the utility bills. 

 

Data Sources for the SAE Billing Analysis 

The billing regression analysis uses data from several different data sources:  The PV Meter 

generation data or the ratio estimate of PV generation, the PowerClerk installation data, the 

energy efficiency program tracking databases from PG&E, SCE, and SDG&E, their monthly 

billing data, phone survey data, weather data, and 2006-2008 evaluation adjustments to the 

utility ex ante savings assumptions.26  A summary of the data elements used in the regression 

analysis are presented below. 

 

PV Metered Generation Data 

PV generation data were provided by several third parties.  A list of these data providers is 

provided in Section 3.  The majority of the generation data for this analysis (by site count,) 

came from exempt data providers who were not required to provide generation data as part of 

the CSI program.  For all CSI participants nearly 50 percent of installed capacity and 13 

percent of installed systems (nearly 3,200) have metered data.  For the SAE billing analysis, 

the generation data was merged onto the monthly billing data.  Using site level billing and 

generation data, it is possible to compare the household electricity consumption prior to the 

installation of a PV system with their post-PV energy consumption.  See Section 3 for more 

information on the metered generation data. 

                                                 
25  The CSI evaluation covers solar installations from 2007-2009.  Given the need for post-installation billing 

data, most of the sites analyzed in the billing and production data review underwent PV installation in 2007, 

2008, or very early in 2009. 
26  Adjustment to utility ex ante savings assumptions are a results of the 2006-2008 California Statewide 

Evaluation Studies.  The SAE billing analysis used the ex post savings from the evaluations if the installed 

measure was evaluated.  If the installed measure was not evaluated (a “pass through” measure or a measure 

new to the 2009 program) the billing analysis used the utility claimed savings value. 
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PowerClerk Data 

Power Clerk is the database used by the CSI Program Administrators and the CPUC to track 

and manage all of the CSI installations through their lifecycle of applying for a CSI 

reservations to when they are complete and have received payment or they are a PBI system 

receiving their five-year payment stream.  Using the many date fields in Power Clerk, we 

have attempted to approximate when a PV system was installed given the paucity of explicit 

CSI interconnection dates for the earlier part of the program.  Power Clerk data were 

reviewed extensively in Section 2. 

 

Energy Efficiency Program Tracking Data 

The energy efficiency participant tracking systems for 2006-2009 for all three utilities 

contain information about energy efficiency program application; rebate and technical 

information about installed measures; rebate amounts; installation date; and ex ante energy 

savings estimates.  For the CSI billing analysis, the residential program tracking data were 

merged with the participant and nonparticipant phone survey data.  Merging these data 

enabled the team to determine the rebated energy efficiency measures installed and the date 

of the installations for each site.27  This dataset was also merged with the Evaluation 

Reporting Tool (ERT) for the 2006-2008 evaluations to determine the ex post savings values 

for the rebated energy efficiency measures.28  

 

                                                 
27  The energy efficiency program tracking databases include measures rebated through downstream programs 

from the 2006-2008 program cycle and through the third quarter of the 2009 program cycle.  The energy 

efficiency program tracking databases do not include site-specific information for measures rebated through 

upstream programs such as the residential CFL lighting program. 
28  For measures installed during the 2009 program cycle, the ex post savings value used in this analysis was 

the ex post savings from the 2006-2008 evaluations.  For new measures in the 2009 program cycle that were 

not evaluated during the 2006-2008 cycle, the ex ante value is carried forward. 
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Billing Data 

The three electric utilities provided billing data for the residential CSI participants with meter 

data and the CSI phone participants.  In addition, the utilities provided billing data for a set of 

residential non-CSI household who responded to the nonparticipant phone survey.  The 

billing data had bill read dates for December 2005 to December 2009.   

 

Merging the billing data with the PV generation data for the CSI participants was an 

important data quality analysis step during the billing analysis.  This process made it possible 

to identify discrepancies between recorded PV installation date and observed installation data 

within the billing data.29  The PV installation date was adjusted to be consistent with the 

billing data and PV generation data was back filled using the ratio estimation method 

discussed in Section 3.   

 

Weather Data 

For the SAE billing analysis, daily heating and cooling degree days were obtained for sixteen 

weather stations within California.  The weather data were associated with consumption 

based on the monthly read dates found in the billing data.  Once the appropriate degree days 

were identified for each billing month of consumption, they were summed to a monthly value 

and used in the analysis to help explain weather sensitivity in household energy consumption.   

 

Telephone Survey Data 

Phone surveys were undertaken for a sample of CSI participants and nonparticipants.30  The 

data collected in the phone survey supplies information on household appliances, household 

square footage, and the number of individuals in the household for each site covered by the 

billing regression.  The phone survey information is used during the billing analysis to 

explain household energy consumption.  The phone survey data were merged with the PV 

production, energy efficiency program tracking, billing, and weather data.   

 

Data Censoring 

Following the merge of the many data sets used in the SAE billing analysis, multiple data 

screens were applied to the dataset prior to undertaking the billing analysis.  Table 7-21 lists 

the types of data censoring and the number of sites affected for each utility. 

                                                 
29  The Power Clerk includes many dates relating to the installation of the PV system.  None of the dates 

currently recorded, however, represent when the PV system began producing electricity.  For the SAE 

billing analysis Itron used the earliest date in the Power Clerk data, the presence of an anomalous bill, and 

changes in utility energy consumption to set an estimated installation date.  Following the development of 

the estimated installation date, all sites were reviewed manually to determine if the installation date looked 

appropriate. 
30  Section 4 describes the phone surveys for CSI participants and nonparticipants. 
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 Given the need to have an adequate quantity of pre- and post-PV installation 

consumption data, sites with less than six months of pre- or post-installation data 

were deleted from the modeling dataset.   
  

 Sites were censored if they had installed multiple PV systems. 
  

 Sites were eliminated if the post-PV installation year’s energy consumption 

exceeded the previous year’s consumption by more than 40 percent or if the post-

installation consumption had fallen by more than 40 percent.  This screen was 

necessary due to the lack of information on changes in household composition or 

major home remodels that could account for large increases or decreases in energy 

usage.   

 

Table 7-21:  Participant Data Censoring 

  

Sites 

Surveyed 

Surveyed 

Sites with 

Billing 

Data 

Sites Censored 

Sites in 

the 

Final 

Sample 

Not 

enough 

Pre 

Data 

Not 

Enough 

Post 

Data 

More Than 

One 

Application 

Too 

Much 

Change 

PG&E 308 272 1 12 0 11 248 

SDG&E 126 122 2 1 2 8 109 

SCE 205 199 9 15 2 22 151 

All 434 394 12 28 4 41 357 

 

For PG&E the three data screens reduced the surveyed participant sample from 272 data 

points to 248, for SDG&E the screens reduced the surveyed participant sample from 122 data 

points to 109, while SCE’s participant sample fell from 199 sites to 151.  The data screens 

did not change the size of the nonparticipant sample.   

 

Nonparticipant Sample 

The SAE billing analysis incorporates the phone-surveyed participant and nonparticipant 

sample.  The nonparticipant sample was included in the model to control for unobservable 

influences occurring in society that may influence energy consumption and the realization 

rate for PV installations.  The nonparticipant sample helps to control for the potential 

influence of the 2008-2009 recession and increased concerns about global warming on 

energy consumption.  The nonparticipants also help to control for the potential influence of 

increased energy efficiency savings associated with the CSI audit.   

 

The nonparticipant sample was chosen to be similar to the participant sample based on 

household square footage, the presence of a pool or spa, and by zip code.  During the 
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development of the nonparticipant sample, the team did not have access to utility billing data 

for either the participants or the nonparticipants.   

 

Table 7-22 lists the average household monthly consumption and energy efficiency savings 

by utility and CSI participation status.  The average consumption listed in Table 7-22 

indicates that the CSI participant households have higher average consumption than 

nonparticipant households.  While this result was not anticipated given the care taken to 

construct the nonparticipant households, it is not overly surprising since CSI participation is 

positively linked to higher utility bills.  These results indicate that households that were 

chosen to be similar prior to the receipt of billing data differed markedly in their 

consumption.   

 

Table 7-22:  CSI Participant and Nonparticipant Consumption and Energy 
Efficiency Savings 

Utility Sites 

Average 

Monthly 

Consumption 

all Sites 

(kWh) 

Sites with 

Energy 

Efficiency 

Average 

Monthly 

Consumption 

for Sites 

Installing 

Energy 

Efficiency 

(kWh) 

Average 

Monthly 

Energy 

Efficiency 

Savings 

(kWh) 

Energy 

Efficiency 

Share of 

Consumption 

PG&E CSI 

Participant 
248 1,018 66 936 34 3.7% 

PG&E 

Non-

participant 

383 816 97 855 39 4.6% 

SCE CSI 

Participant 
156 1,135 140 1,132 36 3.2% 

SCE Non-

participant 
143 898 34 1,070 79 7.4% 

SDG&E 

CSI 

Participant 

109 1,012 26 1,050 28 2.7% 

SDG&E 

Non-

participant 

69 790 16 758 27 3.5% 

 

Table 7-22 also lists the average monthly consumption for household installing energy 

efficiency measures, the number of households within the sample that installed energy 

efficiency measures, and the average monthly saving from energy efficiency measures.  The 
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average monthly consumption for households installing energy efficiency measures closely 

resembles the consumption for all phone-surveyed households.   

 

For all samples other than SCE CSI participants, the data depicted in Table 7-22 indicate that 

approximately 25 percent of the sampled households participated in the IOU energy 

efficiency programs at some point during the years 2006-2009.  For example, 26.6 percent of 

PG&E CSI participants installed energy efficiency measures recorded in PG&E’s energy 

efficiency tracking databases and 25.3 percent of PG&E’s sample of nonparticipant 

households installed rebated energy efficiency measures.   

 

For PG&E and SDG&E, the share of households participating in the utility’s energy 

efficiency programs is independent of their CSI status.  SCE’s CSI participants, however, had 

a 90 percent participation rate in the SCE energy efficiency rebate programs.  The substantial 

difference between SCE’s energy efficiency participation rate and those for PG&E and 

SDG&E CSI participants is due to SCE’s decision to record the audit required for CSI 

participants as part of their energy efficiency savings.  SCE generally recorded audit 

participation and attributed energy efficiency savings to the audit.  SDG&E and PG&E did 

not count the audit as participation in their energy efficiency programs and, therefore, their 

energy efficiency savings did not attribute savings to the audit. 

 

The average monthly savings from energy efficiency measures is small relative to the 

household energy consumption, ranging from 2.7 percent to 7.4 percent of consumption.  

SDG&E CSI participant and nonparticipant households had the lowest share of energy 

efficiency savings relative to household consumption, 2.7 to 3.5 percent.  The low levels of 

energy efficiency savings relative to consumption may make it difficult to detect the energy 

efficiency savings in household billing data.31 

 

 

7.4  SAE Billing Model Specification 

The model is specified as a statistically adjusted engineering billing analysis (SAE) using 

both CSI participants and nonparticipants.  The SAE model uses the PV generation and 

energy efficiency measure level savings as an independent variable to help estimate current 

usage levels.32  The realization rates from the billing analysis will help to determine if the PV 

generation data and the ex post energy efficiency savings values need to be further adjusted 

due to savings realized in the site level bills. 

                                                 
31  SAE billing analysis are typically undertaken on measures or programs with 5 to 10 percent savings relative 

to household consumption. 
32  The PV generation data includes metered PV generation and ratio estimated PV generation data.  The 

energy efficiency priors are largely ex post energy efficiency savings values from the 2006-2008 residential 

energy efficiency evaluations.  The ex post energy efficiency savings are from the 2006-2008 ERT. 
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Model Structure  

Given the differences in monthly PV generation, the billing regression analysis estimates 

separate models by IOU.  The separate IOU models will provide the team with regression ex 

post realization rates for PV and energy efficiency measures by utility and delivery 

mechanism.  The team designed similar models for each IOU.   

 

The approach used to estimate realized savings for PV generation and energy efficiency 

measures is a monthly SAE framework.  The model structure explains the household’s 

monthly utility energy usage as a function of a site specific and time dependent fixed effect, 

weather, the PV generation, ex post energy efficiency savings, and other characteristics of the 

household.  The model was estimated by utility using the population of participants and 

nonparticipants with usable billing, tracking, and survey data. 

 

Model Specification 

The model specification is written as: 

 

itit
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itiitiitiit
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itiitiitiit

itiitiitiit
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Where the following definitions apply: 

 

itkWh  = The monthly utility electricity consumption for site 

i in month t33 

itPVGen  = monthly PV generation for site i in month t 

itit PartPVEESav   = the monthly energy efficiency savings for site i 

where site i is a CSI participant  

                                                 
33  The dependent variable in the billing regression model is the household’s monthly calendarized utility 

consumption.   
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itit NonPartEESav   = the monthly energy efficiency savings for site i 

where site i is not a CSI participant  

itHDD  = the number of heating degree days in month t for 

site i34  

itCDD  = the number of cooling degree days in month t for 

site i  

iit PeopleHDD #  = the number of heating degree days in month t for 

site i times the number of people in the household 

for site i 

iit PeopleCDD #  = the number of cooling degree days in month t for 

site i times the number of people in the household 

for site i 

iit SQFTHDD   = the number of heating degree days in month t for 

site i times the housing square footage for site i 

iit SQFTCDD   = the number of cooling degree days in month t for 

site i times the housing square footage for site i 

iit CACCDD   = the number of cooling degree days in month t for 

site i times a binary variable (0, 1) indicating the 

presence of a central air conditioner at site i 

itiit PartPVPostCACCDD   = the number of cooling degree days in month t for 

site i times a binary variable (0, 1) indicating the 

presence of a central air conditioner at site i times 

a binary variable (0, 1) indicating that site i is a 

CSI participant site and the PV system is installed 

iiti PartPVPostCAC   = a binary variable (0, 1) indicating the presence of a 

central air conditioner at site i times a binary 

variable (0, 1) indicating that site i is a CSI 

participant site and the PV system is installed and 

it is summer time (June, July, August, or 

September) 

iit EHeatHDD   = the number of heating degree days in month t for 

site i times a binary variable (0, 1) indicating the 

presence of a non-natural gas heater at site i 

itiit PartPVPostEHeatHDD   = the number of heating degree days in month t for 

site i times a binary variable (0, 1) indicating the 

presence of a non-natural gas heater at site i times 

                                                 
34  The HDD and CDD are calculated using a 65 degree basis.  All temperatures cooler than 65 lead to 

additional heating degree days while temperatures warmer than 65 lead to additional cooling degree days. 
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a binary variable (0, 1) indicating that site i is a 

CSI participant site and the PV system is installed 

iti PartPVPostEHeat   = a binary variable (0, 1) indicating the presence of a 

non-natural gas heater at site i times a binary 

variable (0, 1) indicating that site i is a CSI 

participant site and the PV system is installed and 

it is winter time (November, December, January, 

or February) 

iit ESpaHDD   = the number of heating degree days in month t for 

site i times a binary variable (0, 1) indicating the 

presence of an electric heated spa at site i 

itiit PartPVPostESpaHDD   = the number of heating degree days in month t for 

site i times a binary variable (0, 1) indicating the 

presence of an electric heated spa at site i times a 

binary variable (0, 1) indicating that site i is a CSI 

participant site and the PV system is installed 

iti PartPVPostESpa   = a binary variable (0, 1) indicating the presence of 

an electric heated spa at site i times a binary 

variable (0, 1) indicating that site i is a CSI 

participant site and the PV system is installed 

iit ESpaCDD   = the number of cooling degree days in month t for 

site i times a binary variable (0, 1) indicating the 

presence of an electric heated spa at site i 

itiit PartPVPostESpaCDD   = the number of cooling degree days in month t for 

site i times a binary variable (0, 1) indicating the 

presence of an electric heated spa at site i times a 

binary variable (0, 1) indicating that site i is a CSI 

participant site and the PV system is installed 

iit EPoolHDD   = the number of heating degree days in month t for 

site i times a binary variable (0, 1) indicating the 

presence of an electric heated pool at site i 

itiit PartPVPostEPoolHDD   = the number of heating degree days in month t for 

site i times a binary variable (0, 1) indicating the 

presence of an electric heated pool at site i times a 

binary variable (0, 1) indicating that site i is a CSI 

participant site and the PV system is installed 

iiti PartPVPostEPool   = a binary variable (0, 1) indicating the presence of 

an electric heated pool at site i times a binary 

variable (0, 1) indicating that site i is a CSI 

participant site and the PV system is installed 
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iit EPoolCDD   = the number of cooling degree days in month t for 

site i times a binary variable (0, 1) indicating the 

presence of an electric heated pool at site i 

itiit PartPVPostEPoolCDD   = the number of cooling degree days in month t for 

site i times a binary variable (0, 1) indicating the 

presence of an electric heated pool at site i times a 

binary variable (0, 1) indicating that site i is a CSI 

participant site and the PV system is installed 

t  = a time series fixed effect  

i  = a site specific fixed effect  

 

Each coefficient in the model shows the impact on the household’s consumption given a one-

unit change in the explanatory variable that it describes.  The estimated coefficient on the PV 

production variable is an SAE realization rate showing the average share of PV production 

observed in household billing data.   

 

The model estimates SAE coefficients for energy efficiency measures installed at the 

household.35  Participants in the CSI program underwent audits to provide them with 

additional information on energy conservation and energy efficiency.  Given the additional 

audit information, the realization rate for energy efficiency measures is estimated separately 

for CSI participants and nonparticipants.   

 

The model controls for the impact of weather on energy consumption and the interaction of 

weather and major weather sensitive household measures.  The model includes variables that 

interact with multiple independent variables, including weather, weather sensitive measures, 

and a binary variable designed to indicate that the household is a CSI participant and the PV 

system is installed.   

 

The estimated coefficients on the weather interaction terms are interpreted as the energy 

consumption from a one-unit change in heating or cooling degree days for participant 

households, with the household appliance, following the installation of PV.  These variables 

are designed to capture changes in the use of weather sensitive household measures 

following the installation of PV systems.  Positive, statistically significant coefficients on 

these measures would indicate that CSI participants are more sensitive to weather, increasing 

their usage of energy intensive measures following the installation of their PV systems.  If 

                                                 
35  The energy efficiency savings values used in the analysis are the ex post savings from the 2006-2008 energy 

efficiency evaluations.  The ex post savings from the 2006-2008 evaluations were also applied to like 

measures installed in 2009.  The model does not control from energy savings from energy efficiency 

measures installed in the household outside the downstream utility programs. 



2009 CSI Impact Evaluation 

7-48 Residential Billing and Production Data Analysis 

these coefficients are insignificant, CSI participants do not modify their usage of energy 

intensive weather sensitive measures relative to nonparticipants following the installation of 

their PV systems.  If the coefficients on these variables are statistically significant and 

negative, the model results would imply that CSI participants are decreasing their usage of 

energy intensive weather sensitive measures relative to nonparticipants after their PV 

systems were installed.  Weather is also allowed to influence electricity usage through its 

interactive effect with square footage and the number of people in the household.    

 

The model specification was first analyzed using ordinary least squares (OLS).  The residuals 

showed evidence of heteroskedasticity.36  The presented results correct for heteroskedasticity.  

 

Model Estimates 

This section presents the results from the model estimation.  The consumption in month t was 

used as the dependent variable in the SAE model.  The PV generation in month t and the 

engineering estimates of energy efficiency savings; weather; weather interacted with energy 

intensive and weather sensitive measures; and weather, measure, post-PV interaction 

variables were used to explain the site consumption.   

 

 

                                                 
36  When using OLS, one of the assumptions is constant variance of the error terms.  Heteroskedasticity occurs 

if the error terms exhibit non-constant or different variances.  Heteroskedasticity does not bias the 

coefficient estimates but it does lead to an under estimation of the standard error if not corrected for during 

the modeling.  The results presented here incorporate weighted least squares to correct for 

heteroskedasticity. 
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Table 7-23 lists the coefficient estimates for the SAE model for PG&E, SCE, and SDG&E.   

 

Table 7-23:  SAE Model Estimate 

 PG&E SCE SDG&E 

Independent Variable 

Coefficient 

Estimate 

Standard 

Error 

Coefficient 

Estimate 

Standard 

Error 

Coefficient 

Estimate 

Standard 

Error 

itPVGen  -0.987* 0.006 -0.974* 0.011 -1.001* 0.010 

itit PartPVEESav   -0.616* 0.123 -0.300* 0.097 -0.871* 0.213 

itit NonPartEESav   -0.575* 0.068 -0.153 0.086 -0.780* 0.176 

itHDD  -0.119* 0.021 -0.290* 0.039 -0.046 0.100 

itCDD  -0.611* 0.041 -0.113** 0.057 -0.540* 0.160 

iit PeopleHDD #  0.035* 0.004 -0.024* 0.009 -0.043* 0.015 

iit PeopleCDD #  0.148* 0.009 -0.062* 0.011 0.008 0.022 

iit SQFTHDD   0.00007* 0.000006 0.0002* 0.00001 0.00005** 0.00002 

iit SQFTCDD   0.0003* 0.00001 0.0003* 0.00002 0.00027* 0.00004 

iit CACCDD   0.844* 0.020 1.030* 0.032 1.111* 0.041 

itiit PartPVPostCACCDD   0.027 0.040 -0.106** 0.056 -0.501* 0.190 

iti PartPVPostCAC   5.687 10.208 42.765* 16.423 76.906** 35.304 

iit EHeatHDD   0.132* 0.009 0.057** 0.029 0.475* 0.034 

*  represents statistical significance at the 1% level 

** represents statistical significance at the 5% level. 
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Table 7–23:  SAE Model Estimate (continued) 

 PG&E SCE SDG&E 

Independent Variable
 

Coefficient 

Estimate 

Standard 

Error 

Coefficient 

Estimate 

Standard 

Error 

Coefficient 

Estimate 

Standard 

Error 

itiit PartPVPostEHeatHDD   -0.146* 0.033 -0.209** 0.106 -0.125 0.149 

iti PartPVPostEHeat   67.839* 14.776 -29.340 33.908 19.130 27.828 

iit ESpaHDD   0.082* 0.017 0.126* 0.026 0.123* 0.046 

itiit PartPVPostESpaHDD   0.191* 0.046 -0.151 0.085 -0.220 0.179 

iti PartPVPostESpa   -32.180** 15.078 17.853 17.395 5.230 31.437 

iit ESpaCDD   -0.109* 0.039 0.062 0.042 -0.216* 0.066 

itiit PartPVPostESpaCDD   0.105 0.117 -0.029 0.093 0.736* 0.221 

iit EPoolHDD   -0.127* 0.049 0.266* 0.076 -0.132 0.096 

itiit PartPVPostEPoolHDD   0.025 0.115 0.149 0.155 -0.497 0.469 

iti PartPVPostEPool   -118.815* 34.387 52.304 36.922 109.849 78.176 

iit EPoolCDD   -0.559* 0.128 -0.320* 0.077 -0.491* 0.164 

itiit PartPVPostEPoolCDD   1.148 0.257 0.237** 0.111 0.667 0.491 

 R Squared 0.979 R Squared 0.978 R Squared 0.978 

*  represents statistical significance at the 1% level 

** represents statistical significance at the 5% level. 
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The R squared values for all three utilities are approximately 98 percent, indicating that the 

model explains nearly all of the variability in utility consumption.  The realization rate of PV 

systems installed in SDG&E’s, PG&E’s, and SCE’s service territories is approximately 100, 

98.7, and 97.4 percent, respectively.  The realization rates are precisely estimated.  These 

realization rates provide strong support for the metered and ratio developed estimates of PV 

production.  The estimated realization rates are interpreted to mean that 97.4-100 percent of 

the PV generation is observable in the bills. 

 

Key Model Estimates Explained 

Each coefficient in the model shows the impact on the household’s consumption given a one-

unit change in the explanatory variable that it describes.  If the energy efficiency measures 

reduce electricity consumption as described in the ERT tables, the estimated coefficients 

would equal negative one.   

 

The estimated coefficients for all energy efficiency variables are negative and statistically 

significant.  The realization rates for the energy efficiency measures installed in SDG&E’s 

territory are 0.87 for CSI participants (EESave * PartPV) and 0.78 for nonparticipants 

(EESave * Nonpart).  These estimated coefficients indicate that the model finds or realizes 

87 percent and 78 percent of the estimated savings from energy efficiency measures in the 

customers’ billing data.  In PG&E’s territory, the energy efficiency realization rates are 62 

percent for CSI participant and 58 percent for nonparticipants.  In SCE’s service territory, the 

energy efficiency realization rates are only 30 percent for CSI participants and 15 percent for 

nonparticipants.  The energy efficiency realization rates are statistically significant for 

participants in all three IOUs.  The energy efficiency realization rates are statistically 

significant for non-participants in SDG&E and PG&E and are marginally significant for 

nonparticipants in SCE’s service territory.   
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The realization rates imply that, for SDG&E, 87 percent of the energy efficiency savings 

reported in the ERT tables were observed in the CSI participant bills and 78 percent of the 

reported savings were observed for nonparticipants.37  The lower realization rates for PG&E 

and SCE relative to SDG&E may be a function of the distribution of measures installed.38  

The finding that all six realization rates are less than 100 percent should be viewed with 

caution given that the ratio of energy efficiency savings to consumption was less than 5 

percent for all three utilities and that energy efficiency was not the focus of this analysis. 

 

The model also included independent variables to control for the influence of weather, the 

interaction of weather and the number of people in the household, the interaction of weather 

and square footage, and the interaction of weather with major electrical measures in the 

household.  The estimated coefficients on the level of weather are counter intuitive while the 

interactive terms are more informative.   

 

The estimated coefficient on cooling degree days (CDD) interacted with the presence of a 

central air conditioner finds that participant and nonparticipant households with air 

conditioners use statistically significantly more electricity on hot summer days than 

households without air conditioners.39  For example, an increase in the day’s average 

temperature from 65 to 66 degrees would cause a household with a central air conditioner to 

use 1.12 kWh more energy than a household without an air conditioner for the day in 

SDG&E’s territory.  If the 1 degree-increase in the daily average temperature occurs for each 

day of the month, the household with CAC would use 33.4 kWh more in a 30-day month 

than the household without air conditioning.   

 

For SCE households, a 1 degree-increase in the daily average temperature increases the daily 

usage for a home with air conditioning by 1.03 kWh or 30.9 kWh per month relative to a 

SCE household without air conditioning.  In PG&E’s service territory, a 1 degree-increase in 

                                                 
37  The ERT is the 2006-2008 evaluation reporting tool.  The ERT includes the gross ex post per unit energy 

savings values incorporated into this analysis. 
38  A review of the end use level saving per application by utility revealed that PG&E and SCE have many 

more households that recycled refrigerators and installed pool pumps than occurred in SDG&E participant 

and nonparticipant samples.  If the recycled refrigerator savings are based on the assumption that the 

refrigerator is not replaced, but many households replace the refrigerator, the ERT savings would be high 

relative to the reduction in household electricity usage.  The replacement of recycled refrigerators with new 

refrigerators would contribute to a lower realization rate.  Similarly, if the pool pump savings assume a 

reduction in pool pump run times that were not actually undertaken in this sample of participants, the ERT 

savings would not be observable in the billing data.   
39  The CDD are calculated on a 65 degree basis.  If a day’s average temperature is higher than 65 degrees, the 

day’s CDD are augmented by the number of degrees the average temperature exceeds 65.  The monthly 

CDD is the sum of the daily CDD. 
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temperature increases the daily usage for a home with air conditioning by 0.84 kWh or 25.2 

kWh per month relative to a household without air conditioning.   

 

The model includes two variables interacting PV participation with the presence of a central 

air conditioner.  The first PV/CAC interaction term is a binary variable (0/1) indicating that it 

is summer time, the household has a central air conditioner, and the household has installed a 

PV system.  The coefficient on this variable will show if the household increases or decreases 

their CAC consumption of electricity after the PV system is installed apart from the influence 

of weather on CAC consumption.  The second variable interacts with PV, CAC, and CDD.  

The coefficient on this variable will show the influence of a 1 degree-increase in the cooling 

degree days on the CAC electricity consumption for a household with a PV system.40 

 

The positive, statistically significant estimated coefficient on the interaction of central air 

with post-CSI participation indicates that households with air conditioners use their CACs 

more in the summer following the installation of their PV systems, than nonparticipant and 

pre-PV participant households, regardless of the weather.  For households with CAC in 

SDG&E’s territory, following the installation of solar, their monthly kWh usage increased by 

approximately 77 kWh during the summer months.41  This increase in usage was independent 

of the temperature.  For households with CAC in SCE’s territory, following the installation 

of their PV system, their monthly electricity consumption increased by approximately 43 

kWh during the summer months.42   

 

The estimated increase in CAC usage following PV installation, however, is counter 

balanced in SDG&E’s and SCE’s territories by the estimated coefficient on the interaction of 

central air with post-CSI participation and cooling degree days.  For SDG&E and SCE the 

models find a statistically significant negative relationship between weather and CAC 

electricity usage for CSI participant households following the installation of their PV 

systems.  The estimated coefficient on the interaction of weather, CAC, and the post CSI 

participant dummy variable implies that a 1 degree-increase in daily average temperature in 

SDG&E territory causes post-PV households with air conditioning to use 0.501 kWh less per 

day and 15.03 kWh less per month than a household with air conditioning that does not have 

PV installed.  In SCE’s territory, a 1 degree-increase in average daily temperature is 

associated with 0.106 kWh less per day or 3.18 kWh less per month for households with 

                                                 
40  The influence of CDD on CAC consumption for a nonparticipant household or for a participant household 

prior to the installation of their PV system is measured by the coefficient on the CDD/CAC interaction term.  

The influence of CDD on CAC consumption for a participant household following the installation of their 

PV system is measured by the sum of the coefficients on CDD/CAC and CDD/CAC/PVPart. 
41  For SDG&E, the summer months are July, August, and September.  The summer months were chosen 

looking at the monthly distribution of CDD. 
42  For SCE, the summer months are June, July, August, and September.  The summer months were chosen 

looking at the monthly distribution of CDD.   
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CAC and PV systems relative to SCE households with CAC and no PV system.  In PG&E’s 

territory, the model did not find a statistically significant relationship between weather, CAC 

usage, and post PV installation.   

 

Following the installation of their PV system, households appear to generally use their air 

conditioner more, but their usage is less sensitive to increases in temperature.  For CSI 

participant households in SDG&E’s territory, the reduced weather sensitivity in CAC usage 

counteracts the general increased CAC usage if the average daily temperature is 5.2 degrees 

higher every day of the month.  Therefore, if the average daily temperature were 5.3 degrees 

higher every day of the month, a nonparticipant household with a central air conditioner will, 

on average, use more electricity than a similar CSI participant household.  For SCE 

households, the average daily temperature would have to be 13.5 degrees higher every day of 

the month for the reduced weather sensitivity to counteract the general increase in CAC 

usage.   

 

The model’s findings show that CAC usage for CSI households is less sensitive to the 

weather than CAC usage for nonparticipant households.  On very hot days, CSI participants 

increase their air conditioning consumption less than is observed in the nonparticipant 

sample.  The CAC interactive terms for SDG&E and SCE support the hypothesis that CSI 

households increase their general usage of air conditioning following the installation of the 

PV systems.  Perhaps because CSI households have increased their general usage of air 

conditioning following PV installation they increase their usage less as the temperature 

increases relative to nonparticipants with CAC. 
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Figure 7-13 and Figure 7-14 illustrate the impact of PV installation and extreme weather on 

the loads estimated for two households with CAC in SDG&E’s service territory.  The graphs 

in Figure 7-14 are simulated load profiles derived from applying the SAE coefficients to a 

participant and nonparticipant household in SDG&E’s territory.  The participant and 

nonparticipant household chosen for the simulation both have a central air conditioner.  

Figure 7-13 is simulated under actual weather for 2007 and 2008.  Figure 7-14 is simulated 

under extreme summer weather for 2007 and 2008. 

 

In both figures, the load profiles of the two households look similar prior to the installation of 

the PV system.  Following the installation of the PV system, the illustrations show that the 

usage for the two households (CSI participant and nonparticipant) diverges during the 

summer months.  For the summer months in on Figure 7-13 (July, August, and September), 

after the PV system is installed the CSI participant’s monthly total electricity consumption is 

approximately 120 kWh less than the monthly consumption for the nonparticipant.43  During 

the post installation summer of 2008, the CSI participant’s reduced CAC weather sensitivity 

more than offsets the general increase in CAC usage.   

 

To highlight the influence of the CSI participant’s reduced CAC weather sensitivity on the 

relative load profiles of the two households, the graph in Figure 7-14 illustrates the same two 

households’ simulated loads under extreme weather.  In this figure, the average daily 

temperature in July is 5 degrees higher than in Figure 7-13, 7 degrees higher in August, and 3 

degrees higher in September.  The electricity consumption for both households rises in the 

summer months relative to the load profiles in Figure 7-13.  Under the extreme summer 

conditions prior to the installation of the system, both households increase their loads by a 

similar amount.  Following the installation of the system, however, the extreme weather 

causes the load of the PV household to increase by less than of the load for the nonparticipant 

household.  Under the extreme weather simulation, the CSI participant’s consumption is 175 

kWh less than the nonparticipant’s consumption in August 2008.   

 

                                                 
43  Under actual weather, the model predicts that the participant’s electricity consumption will be 661 kWh 

while the nonparticipant’s consumption is forecast to be 779 kWh during August 2008. 
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Figure 7-13:  SDG&E Simulated Loads for Participant and Nonparticipant Sites 
with Actual Summer Weather 

 
 

Figure 7-14:  SDG&E Simulated Loads for Participant and Nonparticipant Sites 
with Extreme Summer Weather 
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Increases in temperature have further reduced the consumption of the CSI participant relative 

to the nonparticipant.  For the two households illustrated above, prior to the installation of the 

PV system, the CSI participant and the nonparticipant had similar electricity usage in August 

of 2007.  Following the installation of the PV system, the CSI participant uses approximately 

120 kWh less in August of 2008 than the nonparticipant.  If the load is forecast using extreme 

weather for August 2008, the consumption for the CSI participant is forecast to be 

approximately 175 kWh less than the nonparticipants’ consumption.  The model’s finding 

suggest that average CSI participant in SDG&E’s service territory who has a CAC system 

uses less total electricity following the installation of their PV system relative to a similar 

nonparticipant household.  The coefficients on the various interaction variables indicate that 

the change in electricity consumption following the installation of the PV system is a 

combination of an increase in general CAC usage combined with a decrease in weather 

sensitivity. 

 

In PG&E’s service territory, the estimated coefficient on the interaction of CAC with post 

CSI participation (CACXPartPVPost) variable and the interaction of CAC, post CSI 

participation and weather are insignificant.  CSI participants in PG&E’s territory also show 

much less sensitivity in their CAC usage to increases in the temperature.   

 

The estimated coefficients on heating degree days interacted with the presence of electric 

heat and CSI participation present a story in PG&E that is similar to what is found for CAC 

in SCE and SDG&E.  The estimated coefficients on the various electric heating variables 

indicate that, in general, PG&E CSI household use their electric heaters more following the 

installation of their PV systems.  Participant sites with electric heat in PG&E’s territory 

increase their electricity consumption following the installation of PV such that their usage is 

estimated to increase by 67.8 kWh per month.  On cold days, CSI participants appear to 

decrease their electricity consumption associated with electric heating relative to the 

nonparticipant sample.  The relative insensitivity to the weather for CSI participant following 

PV installation may be due to their higher level of general usage.  Every 1 degree-reduction 

in average daily temperature in PG&E’s territory will lead to a reduction of 0.146 kWh per 

day to an electric heated post-PV installation household (4.38 kWh per month).   

 

The estimated coefficients on a set of variables interacting weather, electric pool and electric 

spa heating, and post-PV participation present limited and mixed influences of PV on the 

electric consumption of these potentially high-energy consuming measures.  Within 

SDG&E’s service territory, there is limited evidence that household’s increase their usage of 

their electrically heated spas on hot days following the installation of PV systems.  Within 

SCE, there is evidence that CSI households increase their usage of their electric pool heaters 

on warm days following the installation of their PV systems.  Within PG&E’s service 

territory, there is evidence that household’s decrease their usage of their electrically heated 
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spas and pools following the installation of their PV systems.  Given the limited and different 

findings concerning the influence of PV systems on the use of electric heaters for spas and 

pools, additional study with potentially larger samples of households with these measures are 

needed prior to drawing conclusions on the influence of PV systems on their usage. 

 

 

7.5  Overall Conclusions and Key Findings 

The billing data and the billing analysis model illustrate the sizeable influence of PV systems 

on residential utility energy consumption.  The billing data illustrates that individual 

household energy consumption can rise, fall, or remain unchanged following the installation 

of PV systems.   

 

Comparison of the sites with 12 months of pre- and post-installation billing data indicates 

that, on average, household electricity consumption falls after the installation of PV system 

for sites in PG&E and SDG&E service territories.  The average fall in electricity 

consumption, however, is only statistically significant in PG&E’s territory.  Comparison of 

the 12 month of pre- and post-installation billing data indicates that, on average, the 

household electricity consumption has a small, statistically significant increase following PV 

installation in SCE’s territory. 

 

Comparison of the level of pre- and post-PV installation household electricity consumption, 

however, does not provide an explanation of why or how consumption changes.  To 

determine the variables influencing changes in electricity consumption, the team estimated an 

SAE billing model.  The model was designed to use utility electricity consumption, PV 

generation, energy efficiency savings, weather, household characteristics, major electrical 

measures within the household and a nonparticipant sample to try to determine the realization 

rate on PV generation, to determine if PV installation leads to statistically significant changes 

in consumption, and if it does lead to changes in consumption, how it influences electrical 

consumption. 

 

The estimated realization rate for the quantity of energy generated by PV systems, indicates 

that the generation estimates are largely supported by the estimated coefficients, 

approximately 97-100 percent of the ex ante generation is realized in the billing analysis.  

The analysis finds that after the installation of PV systems, household energy use associated 

with CAC usage increases while the weather sensitivity of CAC usage falls for CSI 

households in SCE’s and SDG&E’s territory.   

 

The use of billing analysis to analyze the influence of PV and possible behavioral post-PV 

influences on energy consumption is groundbreaking and important.  Future analyses, 

however, would benefit from additional information on other changes that may be occurring 
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in the household simultaneously with the installation of the PV system.  For example, while 

the phone survey included information on CAC, pools, spas, and electric heating, participants 

and nonparticipants were not questioned about possible changes in these electric measures or 

changes in the household’s usage of the measures.   

 

Future analysis will also be impacted by legislation (AB920) allowing for the payment of 

excess generation from the utilities.  Before the legislation, sites with PV had no monetary 

motivation to decrease their electrical usage and become net exporters.  With this change, the 

use of CAC on hot days may decline more if CSI participants find compensation from the 

utilities for excess generation a more powerful motivator than being comfortable.  Examining 

the motivation behind why customers “went solar” in Section 11 of this impact evaluation 

may provide insights in the likely future effects of current solar legislation. 
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8  
 
Solar Load Profiling Analysis  

 
8.1  Load Profiling Analysis Objectives  
As with other generation resources, the value of PV generation is highest at time of system 
peak and at other hours where the system is strained.  The main purpose of this section is to 
provide seasonal, climate zone, and time-of-day dimensions to the relationship between 
energy use and PV generation at the customer level, with an emphasis on high system 
demand hours. 
 
This section also quantifies the amount of electricity imported from and exported to the grid 
by PV customers, and compares these imports to their whole premise consumption and other 
similar customers where the data permits it.  On average, exports to the grid offset some but 
not all of the energy imported from the grid.   
 
All estimates discussed in this section are ex post results for calendar year 2009.  
Extrapolation to other years requires careful consideration of weather and other effects that 
were not considered in this analysis.  For example, a warmer year may result in higher 
seasonal loads that may or may not be proportional to the corresponding increase in 
generation.   
 
In this section, the terms “total consumption” and “premise use” refer to gross electricity use 
(that is, electricity from all sources).  The term “imports” refers to electricity use from the 
grid.  
 
 
8.2  Key Findings  
Key findings from the analysis include the following: 
 
Residential  

On average, CSI program participants have much higher daily loads than the average utility 
customer without PV does.  However, customers with PV generation consume less energy 
from the grid during on-peak hours than their non-PV counterparts.  The data also show that 
the impact at the time of system peak is not as pronounced as it is during other hours of the 
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day, because the system peak occurs in the late afternoon and solar generation peaks in the 
early afternoon and then drops rapidly in the late afternoon hours.   
 
The residential data from SDG&E and PG&E show that, even if customers use all of the 
energy generated by their PV system, they do not use it on an hour-by-hour basis.  Rather, 
there are constant electricity exchanges with the grid (imports and exports) that eventually 
offset each other out on a net energy basis.  On average, PG&E residential customers 
imported 24.9 kWh per day and exported 10 kWh per day, for a net use of 14.9 kWh per day 
from the grid.  SDG&E customers imported 22.7 kWh and exported 8.3 kWh for a net use of 
14.4 kWh per day from the grid.  These offsets, made possible through Net Energy Metering, 
are an important component of the cost-effectiveness of PV, particularly for residential 
customers.  
 
Residential PV systems in SDG&E’s service territory supplied 55 percent of the energy used 
at SDG&E host premises in 2009.  An average of 29 percent of the actual output of these 
systems was used at the premises in “real time.”  This varies with location: systems in the 
Coastal zone supply an average of 48 percent of the premises use, while systems in the 
Inland zone supply an average of 60 percent.  This also varies with the season—in the 
summer’s hottest months, PV systems produce a higher percentage of the premises needs (an 
average of 59 percent), compared to the winter (39 percent).  
 
As discussed in Section 7, California recently passed legislation (AB 920) enabling 
households with excess yearly PV production, or yearly net negative utility bills, to sell the 
net surplus to the utility.  The ability to sell the yearly excess will provide these households 
with an incentive to reduce their energy consumption and increase their supply of excess PV 
production to the grid.   
 
Nonresidential 

In general, load patterns of nonresidential customers are more consistent on a day-to-day 
basis than the residential load patterns since they are primarily driven by business hours, 
shifts, and industrial processes.  The nonresidential data provided by SDG&E, PG&E, and 
SCE show that these customers are more likely to use all of the electricity generated on-site.    
 
The observed nonresidential loads generally coincide with the PV generation during the 
daytime hours, and whether the customer exports the excess load in “real time” largely 
depends on PV capacity in relation to the load at the site.   
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8.3  Data Sources for the Load Profiling Analysis  
The load profile analysis utilized the following data sources:  
 
Residential PV Statistical Samples  

PG&E and SDG&E each have a load research sample of Residential PV customers.  These 
samples provide a clear picture of total PV generation on an hourly basis.  The SDG&E 
sample contains three data streams for each sample point: imports, exports, and generation.  
These data streams allow the construction of hourly premise use.  The PG&E sample 
contains two data streams for each sample point:  imports and exports.  The PG&E sample 
does not include total house consumption.  SCE does not have a residential PV load research 
sample; therefore it was not included in the residential part of this section’s evaluation. 
 
Residential and Nonresidential Import/Export Load Data for CSI Participants 

The three utilities provided data for nonresidential CSI customers participating in this study’s 
survey sample.  Because data were not available for all of the nonresidential sites in the 
survey sample, these data does not constitute a formal statistical sample.   
 
Dynamic Load Profiles  

Dynamic load profiles1 are mandated by the CPUC2 and published by the California utilities.  
Dynamic load profiles published by California utilities are in the public domain.  The utilities 
assisted this project by providing them for a timeframe that was no longer publicly available 
(SDG&E) or by providing a consolidated file that is easier to use for this project than the 
public version (PG&E).  For the CSI evaluation, these profiles are used to compare average 
population energy use with average PV customer energy use.   
 
Population Data Summaries  

SDG&E provided two residential summaries that the evaluation team used to prepare the 
data for this analysis: one was a set of PV customer counts by climate zone and rate, which 
was used to calculate expansion weights for SDG&E’s residential PV sample, and the other 
one was single-family average consumption by month, which was used to scale SDG&E’s 
2009 residential dynamic load profiles to make them comparable to the average residential 
PV customer.  
 
PG&E’s residential summaries were prepared by the evaluation team based on solar 
installations tracking data and load data from cost of service studies provided by PG&E.  The 
                                                 
1  Dynamic load profiles are daily kW averages based on statistical samples, at the rate class level.  
2  Dynamic load profiles are required by Decision 97-08-56 and other preceding decisions.  Their mandated 

use is to be utilized in Direct Access settlements to prorate a customer’s bill into hourly usage.  Other parties 
utilize them for forecasting and research.   
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first one was used to calculate weights for PG&E’s residential PV sample, and the second 
was used to scale PG&E’s 2009 dynamic load profiles to make them comparable to the 
average residential PV customer.  
 
 
8.4  Examples of Individual Residential Sites  
The examples in this section illustrate the relationship between PV generation and premise 
use at an individual level.  In particular, they show that generation and usage do not coincide 
perfectly for most residential premises, which results in customers importing and exporting 
power throughout the day.  This is supported by the evaluation team’s analysis at a system 
and distribution level in Sections 5 and 6, respectively.  Customer loads (including imports 
from the grid, exports, PV generation, and total premise load) on the system peak day are 
presented given the significance of the residential class contribution to system peak for 
ratemaking, system planning, and forecasting.  These profiles also provide a framework to 
explain the aggregate statistics presented later in this section.   
 
A feature common among most residential PV customers is that, even if the PV system 
generates less electricity than the customer uses in a year, there are frequent imports from 
and exports to the grid, which eventually cancel each other out.  We make frequent reference 
to electricity use “in real time” to describe when the customer uses the electricity produced 
by the PV system at the customer’s premise, instead of “trading” power with the grid as 
dictated by the customer’s usage pattern.  
 
The average residential solar customer generates 55 percent of its total energy use and about 
29 percent of its energy use in real time. 
 
Example of an Average Customer (SDG&E “Customer 1”) 

This first example shows a solar customer for which solar generation as a percent of total use 
and of real time use are very close to the average.  As mentioned above, the average 
residential solar customer generates 55 percent of its total energy use, and about 29 percent 
of its energy use in real time.  
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This customer’s total annual usage from both sources (grid and PV system) was 10,700 kWh 
in 2009.  The customer’s PV system produced 6,700 kWh, or about 63 percent of his total 
electricity use.  However, as is the case with most residential customers, PV generation is a 
curve that rises and falls with sunlight, while energy use is driven mostly by the occupancy 
schedule at the premise.  On an hourly basis, this customer’s PV system supplied 27 percent 
of the power used at this premise in real time, or 43 percent of the total PV generation was 
used at the premise.  The rest was imported/exported to the grid.  This is illustrated in Table 
8-1. 
 

Table 8-1:  SDG&E Customer 1—Annual Energy Use and PV Generation 

PV Generation  6,700 kWh 
+ Total Imports  7,800 kWh 
- Total Exports  3,800 kWh 
= Total Energy Use at the Premise 10,700 kWh 
 
PV generation as percent of total use  
6,700 kWh / 10,700 kWh  

63% 

PV generation as percent of real time use at the premise 
(6,700 – 3,800) / 10,700  

27% 

Percent of PV generation used at the premise 
(6,700 – 3,800) / 6,700 

43% 

 
Figure 8-1 shows this customer’s load profiles for some select days in 2009.  The first profile 
corresponds to the day of the system peak.  The premise’s use (black line) peaks in the 
morning at about 11 kW.  It oscillates several times during the day, indicating that the 
presence of central air conditioning is likely.  PV generation (green line) starts at about 6 AM 
PST (7 AM PDT), increases gradually throughout the morning, peaks at about noon PST (1 
PM PDT), and goes back to zero shortly after 5 PM PST (6 PM PDT).  The other two lines 
represent the times when the customer is taking power from the grid (imports—blue line) or 
putting energy back on the grid (exports—red line).  This chart clearly shows that this 
customer alternates between importing and exporting power from the grid several times 
throughout the day.  
 
The second chart in Figure 8-1 is for a day when the customer shows very low consumption 
during the day, at the time that most of the day’s PV generation is taking place.  On a day 
like this, most of the energy output is going to the grid.   
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Figure 8-1:  SDG&E Customer 1—Examples of Daily Load Profiles 
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Figure 8-2 presents the same information as above but averaged by month, across four of the 
12 months of the year.  For example, the first chart in Figure 8-1, corresponding to the 2009 
system peak in September, is one of the 30 days that was averaged to produce the chart 
labeled “September 2009” in Figure 8-2.   
 
The monthly summaries in Figure 8-2 illustrate that the relationships discussed above are 
similar throughout the year:  this customer has frequent imports and exports.  Most of the 
customer’s consumption is in the evening, when the PV systems do not have any output.  The 
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premise uses 43 percent of the PV system’s generation as it is produced—an amount 
equivalent to 27 percent of the premise’s total use.  Exports are about 60 percent of the total 
energy produced at the premise.  It is noteworthy that on the day of the system peak3, this 
customer’s highest demands were between 8 and 11 kW—very high for a residential 
customer.  This customer’s highest average demands in September were around 4 kW, one-
third to one-half of those observed on the day of the system peak.    
 

Figure 8-2:  SDG&E Customer 1—Examples of Monthly Load Profiles 
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3  SDG&E and CAISO 2009 system peak occurred on September 3, between 2 and 3 PM PST (3 to 4 PDT)   
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Example of a Customer with PV Generation as Percent of Total Use Lower 
than Average (SDG&E “Customer 2”) 

This example shows a solar customer whose solar generation, as a percent of total use and of 
real time use, is lower than the average.  The average residential solar customer generates 55 
percent of her total energy use, and about 29 percent of her energy use in real time.  
 
Table 8-2 includes this customer’s total energy usage and PV system production.  The 
customer’s total annual usage from both sources (grid and PV system) was 9,100 kWh in 
2009.  The PV system produced 3,300 kWh, or about 36 percent of her total electricity use.  
As mentioned above, PV generation is a curve that rises and falls with sunlight, while energy 
use is driven mostly by the occupancy schedule at the premise.  On an hourly basis, this 
customer’s PV system supplied 22 percent of the power used at this premise in real time.  
This represents 61 percent of her total PV generation.   
 
Compared to Customer 1, Customer 2 utilizes a larger percentage of her PV system’s output 
in real time.  Customer 2 utilized 61 percent of all the power generated by the system as it 
was generated, while Customer 1 utilized 43 percent.   
 

Table 8-2:  SDG&E Customer 2—Annual Energy Use and PV Generation 

PV Generation  3,300 kWh 
+ Total Imports  7,100 kWh 
- Total Exports  1,300 kWh 
= Total Energy Use at the Premise 9,100 kWh 
  
PV generation as percent of total use  
3,300 kWh / 9,100 kWh  

36% 

PV generation as percent of real time use at the premise 
(3,300—1,300) / 9,100  

22% 

Percent of PV generation used at the premise 
(3,300 – 1,300) / 3,300  

61% 
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Figure 8-3:  SDG&E Customer 2—Examples of Daily Load Profiles 
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Figure 8-3 shows this customer’s load profiles for a selected few days in 2009.  The first 
profile corresponds to the day of the system peak.  The premise’s use (black line) peaks in 
the evening at about 6 PM.  It oscillates several times during the day as our first customer, 
indicating that the presence of central air conditioning is likely.  PV generation (green line) 
starts at about 6 AM, increases gradually throughout the morning, peaks at about 11 AM, and 
becomes very low close to 4 PM.  The other two lines represent the times when the customer 
is taking power from the grid (imports—blue line) or putting energy back on the grid 
(exports—red line).  On the day of the system peak, this customer had very low imports.   
 
The second chart is a typical day for this customer.  There is pronounced load in the morning 
and the evenings that suggest that this customer is likely to have electric water heating.  
During the day, imports are minimal, and PV output in excess of the premise’s requirements 
is exported to the grid.   
 
The monthly summaries in Figure 8-4 illustrate that the relationships discussed above are 
similar throughout the year.  Most of the customer’s consumption is in the evening, when the 
PV systems do not have any output.  The premise uses 61 percent of the PV system’s 
generation as it is produced—an amount equivalent to 22 percent of the premise’s total use.  
Exports are about 40 percent of the total energy produced at the premise.  It is noteworthy 
than on the day of the system peak, this customer’s highest demand was about 2.5 kW.  This 
customer’s highest average demands in September were less than 2 kW, reflecting very 
consistent usage patterns.    
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Figure 8-4:  SDG&E Customer 2—Examples of Monthly Load Profiles 
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Example of a Customer with PV Generation as Percent of Total Use Higher 
than Average (SDG&E “Customer 3”) 

This example shows a solar customer whose solar generation, as a percent of total use and of 
real time use, is higher than the average.  As mentioned above, in SDG&E’s service area the 
average residential solar customer generates 55 percent of his total energy use, and about 29 
percent of his energy use in real time.  
 
Table 8-3 includes this customer’s total energy usage and PV system production.  This 
customer’s total annual usage from both sources (grid and PV system) was 20,400 kWh in 
2009.  The PV system produced 16,800 kWh, or about 82 percent of the residence’s total 
electricity use.  On an hourly basis (in real time), this customer’s PV system supplied 43 
percent of the power used at this premise.  This represents 52 percent of his total PV 
generation.   
 
Customer 3 utilizes a similar percentage of the PV system’s output in real time as Customer 
1—slightly over 40 percent.  
 

Table 8-3:  SDG&E Customer 3—Annual Energy Use and PV Generation 

PV Generation  16,800 kWh 
+ Total Imports  11,700 kWh 
- Total Exports  8,100kWh 
= Total Energy Use at the Premise 20,400 kWh 
  
PV generation as percent of total use  
16,800 kWh / 20,400 kWh  

82% 

PV generation as percent of real time use at the premise 
(16,800 – 8,100) / 20,400  

43% 

Percent of PV generation used at the premise 
(16,800 – 8,100) /16,800  

52% 

 
Figure 8-5 shows this customer’s load profiles for two select days in 2009.  The first profile 
corresponds to the day of the system peak.  The premise’s use (black line) peaks early in the 
day at about 7 kW.  PV generation (green line) starts at about 6 AM, increases gradually 
throughout the morning, peaks at about noon, and comes back down close to zero at about 6 
PM.  The other two lines represent the times when the customer is taking power from the grid 
(imports—blue line) or putting energy back on the grid (exports—red line).  While the load 
at this premise is substantially larger than average, the PV system offsets most of it, resulting 
in some low imports and exports that are, on average, higher than the imports.   
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Figure 8-5:  SDG&E Customer 3—Examples of Daily Load Profiles 
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The second chart is a typical day for this customer.  While the customer’s day loads are 
higher than average, they do not exceed the PV system’s output, resulting in virtually no 
imports while the system is generating electricity.  PV output in excess of the premise’s 
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requirements is exported to the grid.  Consumption in the evening hours is a substantial 
amount of the premise’s total use.     
The monthly summaries in Figure 8-6 illustrate that the relationships discussed above are 
similar throughout the year.  A high percentage of the customer’s consumption is in the 
evening, when the PV systems do not have any output.  During the day, the premise’s energy 
use is higher than average but tends to stay within the PV system’s output, resulting in 
exports that are high, and in very low imports.  The premise uses 52 percent of the PV 
system’s generation as it is produced—an amount equivalent to 43 percent of the premise’s 
total use.  It is noteworthy that while this customer can exhibit demands that are above 8 kW, 
its highest average demand is about 5 kW.      
Figure 8-6:  SDG&E Customer 3—Examples of Monthly Load Profiles 
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8.5  Comparison of Residential Energy Use:  Average Customer 
Versus Average PV Customer 
In order to compare average energy use between residential customers with and without PV 
systems, the team utilized SDG&E’s and PG&E’s residential PV sample and dynamic load 
profiles.  The dynamic load profiles are a representation of all of these utilities residential 
customers, including multi-family homes.  In order to provide a comparison to the single-
family homes with PV, the team scaled the dynamic load profiles utilizing monthly usage 
summaries for single-family residences.  It is important to note that this comparison group, 
all single-family homes, is not equivalent to the comparison group utilized in the preceding 
Section 7 where the nonparticipant group was chosen to match the CSI participant group on 
other demographic characteristics.  
 
The dynamic load profiles used to calculate the average load profiles for SDG&E and PG&E 
single-family home (“average customer”) for this comparison reflect an average of all 
residential customers in SDG&E’s service territory scaled for the average single-family 
home.  There are some significant differences.  For example, the average single-family 
detached home in California is 1,784 square feet whereas the average CSI participating home 
is 2,525 square feet, about 40 percent larger than the average.  For this reason, usage and load 
differences between the overall average of customers and PV customers are greater than the 
billing analysis comparison between CSI participants and a representative sample of 
nonparticipants whose homes sizes are comparable to CSI participants.  
 
As explained earlier in this section, the residential PV sample supplied by SDG&E includes 
whole house use, while PG&E’s does not.  Because of this, the summaries and graphs 
reported for each utility are different.   
 
SDG&E Residential Single-Family Average Energy Use  

Table 8-4 compares average residential single-family customers to PV customers.  In 2009 
residential solar customers used about 59 percent more energy from both sources (PV and 
grid) than the average single-family non-solar customer did.  This difference is greater 
among coastal customers (63 percent) than among inland customers (53 percent).  Factors 
such as square footage and income levels are likely to influence the difference between solar 
customers and other single-family residential customers. 
 
When compared on a season by season basis, PV customers used 70 percent more energy on 
average during the months of June to September of 2009 than average residential customers.  
This difference was 59 percent during the months of November and December.   
 
Table 8-4 also shows that, on average, residential PV systems supplied 55 percent of the 
energy used at SDG&E host premises in 2009.  An average of 29 percent of the actual output 
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of these systems was used at the premises in “real time.”  The rest was exported to the grid at 
times of low demand, and imported back at times of high demand.   
 
This varies with location: systems in the Coastal zone supply an average of 48 percent of the 
premises use, while systems in the Inland zone supply an average of 60 percent.  This also 
varies with the season—in the summer’s hottest months, PV systems produce a higher 
percentage of the premises needs (an average of 59 percent), compared to the winter (39 
percent).  
 

Table 8-4:  SDG&E 2009 Residential Single-Family Average Energy Use by 
Season 

 
Average Customer 

Energy Use from Grid 

Average Solar Customer 
Energy Use from Both Sources 

(Solar and Grid) 
 Overall Coastal Inland Overall Coastal Inland 
 Calendar Year 2009 
kWh per day 20.1 19.0 21.5 32.0 31.1 33.0 
Min kW 0.5 0.4 0.5 0.6 0.5 0.5 
Max kW 1.8 1.7 2.0 4.1 4.2 4.6 
Average kW 0.8 0.8 0.9 1.3 1.3 1.4 
% kWh supplied by PV 55% 48% 60% 
% kWh supplied by PV in real time 29% 25% 33% 
 

 
Average Customer  

Energy Use from Grid 

Average Solar Customer  
Energy Use from Both Sources 

(Solar and Grid) 
 Overall Summer Winter Overall Summer Winter 

 
Calendar 
Year 2009 

Monthly 
Average 
June to 

Sept 

Monthly 
Average 
Nov to 

Dec 

Calendar 
Year 2009 

Monthly 
Average 
June to  

Sept 

Monthly 
Average 
Nov to  

Dec 
kWh per day 20.1 20.9 19.8 32.0 35.6 31.4 
Min kW 0.5 0.5 0.5 0.6 0.6 0.6 
Max kW 1.8 1.8 1.5 4.1 4.1 2.8 
Average kW 0.8 0.9 0.8 1.3 1.5 1.3 
% kWh supplied by PV 55% 59% 39% 
% kWh supplied by PV in real time 29% 33% 22% 
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Table 8-5 expands on the comparison between average customers and PV customers by 
climate zone by including a seasonal dimension.  On average, inland systems produce 62 
percent of the energy consumed at the household during the months of June to September, 
but only 45 percent of the energy consumed during the months of November and December.  
For coastal systems, these numbers are 55 percent and 33 percent, respectively.   
 

Table 8-5:  SDG&E 2009 Residential Single-Family Average Energy Use by 
Season and Location 

 
Average Customer—Coastal 

Energy Use from Grid 

Average Solar Customer—Coastal 
Energy Use from Both Sources 

(Solar and Grid) 
 Overall Summer Winter Overall Summer Winter 

 
Calendar 
Year 2009 

Monthly 
Average 
June to 

Sept 

Monthly 
Average 
Nov to 

Dec 

Calendar 
Year 2009 

Monthly 
Average 
June to  

Sept 

Monthly 
Average 
Nov to  

Dec 
kWh per day 19.0 19.2 19.2 31.1 33.9 31.6 
Min kW 0.4 0.4 0.5 0.5 0.6 0.6 
Max kW 1.7 1.7 1.4 4.2 4.2 3.0 
Average kW 0.8 0.8 0.8 1.3 1.4 1.3 
% kWh supplied by PV 48% 55% 33% 
% kWh supplied by PV in real time 25% 30% 19% 

 

 
Average Customer—Inland 

Energy Use from Grid 

Average Solar Customer—Inland 
Energy Use from Both Sources 

(Solar and Grid) 
 Overall Summer Winter Overall Summer Winter 

 
Calendar 
Year 2009 

Monthly 
Average 
June to 

Sept 

Monthly 
Average 
Nov to 

Dec 

Calendar 
Year 2009 

Monthly 
Average 
June to  

Sept 

Monthly 
Average 
Nov to  

Dec 
kWh per day 21.5 23.0 20.6 33.0 37.8 32.5 
Min kW 0.5 0.5 0.5 0.5 0.6 0.6 
Max kW 2 2.0 1.5 4.6 4.6 2.9 
Average kW 0.9 1.0 0.9 1.4 1.6 1.3 
% kWh supplied by PV 60% 62% 45% 
% kWh supplied by PV in real time 33% 36% 25% 
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Figure 8-7 provides a graphical representation of the salient feature described in Table 8-4 
and Table 8-5:  that customers with PV systems, whose homes are on average 40 percent 
larger, use 59 percent more energy than the average single-family residential customer.   
 
While the early morning and evening hours have a very similar shape, it is also apparent that 
solar customers use a higher percentage of their total energy use during the daytime hours 
than non-solar customers do. 
 

Figure 8-7:  SDG&E 2009 Residential Single-Family Average Energy Use 
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PG&E Residential Single-Family Average Grid Energy Use 

Table 8-6 compares the use of grid energy for the average single-family home, and that of 
PV customers.  For PV customers, this table does not reflect their total electricity use—only 
the electricity they take from and supply to the grid.  This table shows that solar customers 
take more energy from the grid than the average single-family residential customer.  Part of 
this is offset by their exports to the grid.  As explained in a later section of this report, a large 
part of on-peak energy use for solar customers is supplied by the PV system, and a large part 
of imports occur in the evening hours, when the PV system is not generating electricity.  For 
example, the first panel of Table 8-6 shows that on average, single-family residential 
customers consumed 21.6 kWh per day in 2009.  All of this energy is from the grid.  The 
second panel of Table 8-6 shows that PV customers consumed an average of 24.9 kWh per 
day from the grid, but put back 10 kWh per day -a net use of 14.9 kWh per day.   
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Compared to customers in the inland climate zone, solar customers in the coastal climate 
zone take less energy from the grid and also supply less energy to it.  Table 8-7 shows that 
coastal customers imported an average of 22.8 kWh per day from the grid, and exported 9 
kWh per day, for an estimated average net use of 13.8 kWh per day.  Inland customers 
imported an average of 27.8 kWh per day and exported 11.4 kWh per day for an estimated 
net use of 16.4 kWh per day.  
  

Table 8-6:  PG&E—2009 Residential Single-Family Average Energy Use from 
Grid 

 
Average Customer 

Energy Use from Grid 
 Overall Coastal Inland 
 Calendar Year 2009 
kWh per day 21.6 18.6 24.8 
Min kW 0.5 0.4 0.5 
Max kW 2.2 1.8 3.0 
Average kW 0.9 0.8 1.1 

 

 
Average Solar Customer 

Energy Use from Grid (Imports) 
Average Solar Customer 

Energy Supplied to Grid (Exports) 
 Overall Coastal Inland Overall Coastal Inland 
 Calendar Year 2009 
kWh per day 24.9 22.8 27.8 10.0 9.0 11.4 
Min kW 0.0 0.0 0.0 0.0 0.0 0.0 
Max kW 3.5 3.6 5.4 2.8 2.6 3.9 
Average kW 1.0 1.0 1.2 0.4 0.4 0.5 
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Table 8-7: PG&E—2009 Residential Single-Family Average Energy Use from 
Grid by Season 

 
Average Customer 

Energy Use from Grid 
Average Solar Customer 

Energy Use from Grid (Imports) 
 Overall Summer Winter Overall Summer Winter 

 
Calendar 
Year 2009 

Monthly 
Average 
June to 

Sept 

Monthly 
Average 

November 
to 

December 

Calendar 
Year 2009 

Monthly 
Average 
June to  

Sept 

Monthly 
Average 

November 
to  

December 
kWh per day 21.6 24.3 21.8 24.9 26.7 28.5 
Min kW 0.5 0.5 0.5 0.0 0.0 0.1 
Max kW 2.2 2.2 1.6 3.5 3.5 2.7 
Average kW 0.9 1.1 1.0 1.0 1.1 1.2 

 

 
Average Solar Customer—Coastal 
Energy Use from Grid (Imports) 

Average Solar Customer—Coastal 
Energy Supplied to Grid (Exports) 

 Overall Summer Winter Overall Summer Winter 

 
Calendar 
Year 2009 

Monthly 
Average 
June to 

Sept 

Monthly 
Average 

November 
to 

December 

Calendar 
Year 2009 

Monthly 
Average 
June to  

Sept 

Monthly 
Average 

November 
to  

December 
kWh per day 22.8 20.7 29.4 9.0 12.0 4.2 
Min kW 0.0 0.0 0.1 0.0 0.0 0.0 
Max kW 3.6 2.7 2.7 2.6 2.3 1.6 
Average kW 1.0 0.9 1.2 0.4 0.5 0.2 

 

 
Average Solar Customer—Inland 
Energy Use from Grid (Imports) 

Average Solar Customer—Inland 
Energy Supplied to Grid (Exports) 

 Overall Summer Winter Overall Summer Winter 

 
Calendar 
Year 2009 

Monthly 
Average 
June to 

Sept 

Monthly 
Average 

November 
to 

December 

Calendar 
Year 2009 

Monthly 
Average 
June to  

Sept 

Monthly 
Average 

November 
to  

December 
kWh per day 27.8 35.5 28.4 11.4 13.1 6.2 
Min kW 0.0 0.0 0.0 0.0 0.0 0.0 
Max kW 5.4 5.4 2.8 3.9 3.9 2.2 
Average kW 1.2 1.5 1.2 0.5 0.5 0.3 
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8.6  Residential Energy Use at Time of System Peak 
Given the significance of peak day hourly loads in ratemaking, system planning, forecasting, 
and other utility functions, the hourly loads of the system peak day were specifically 
analyzed.   
 
For both utilities included in this analysis, the average PV customer load drawn from the grid 
is lower than that of the average customer between the hours of 9 AM and 4 PM for SDG&E, 
and between 9 AM and 5 PM for PG&E.  Therefore, PV customers are clearly not using as 
much electricity from the grid at system peak as they would have without PV. 
 
For comparison purposes, the evaluation window determined by the CPUC for California’s 
residential Demand Response programs is 2 PM to 6 PM.  This implies that the contribution 
of these solar systems does not fully cover this critical system peak period.  As with all 
customers, changes in behavior patterns and appliance schedules can reduce PV customer 
impacts during the times of greater system strain.   
 
SDG&E Peak Day Energy Use  

In 2009, SDG&E peaked on September 3, during the hour from 2 PM to 3 PM PST (3 PM to 
4 PM PDT).  Figure 8-8 displays the difference between the average residential load profile 
(represented by the black line), the average residential PV customer whole house use (red 
line) and the average PV customer load served by the utility (blue line).4   
 
While the average PV customer’s use is substantially higher than the average single-family 
residential customer in SDG&E’s service area, the average PV customer load drawn from the 
grid is lower than that of the average customer between the hours of 9 AM and 4 PM PST 
(10 AM to 5 PM PDT).   
 
During the system peak hour, the average residential customer demand was 1.7 kW, while 
the average PV customer demand was 3.0 kW.)  However, the average PV customer’s grid-
supplied demand was only about 1.3 kW—an amount similar to that of the average 
residential customer.  Therefore, the PV customers were on average not using as much 
electricity from the grid at system peak as they would have without PV.  
 

                                                 
4  The differences in the line “smoothness” is due to the PV profile is in 15 min intervals and the residential 

average is hourly and the residential average is a much larger sample population. 
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Figure 8-8:  SDG&E Residential Average Energy Use on September 3, 2009 
(System Peak at Hour Ending 3 PM PST) 
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The residential class peaked a few days earlier—on August 29, during the hour from 4 PM to 
5 PM PST (5 PM to 6 PM PDT).  As is expected, the contribution of PV at that time of day 
was lower than it was at the time of the system peak.  
 
During the SDG&E residential class peak, the average residential customer demand was 1.8 
kW, while the average PV customer demand was over twice that much (3.8 kW).  The 
average PV customer’s grid-supplied load was about 2.6 kW; i.e., the grid supplied about 70 
percent of the average PV customer’s use at the time of the class peak.  Because of the strong 
influence of work schedules on the residential class peak, these tend to be later than system 
peaks—and at a time when the contribution of PV to the premise’s electricity use is low. 
 
PG&E Peak Day Energy Use  

In 2009, PG&E peaked on July 14, 2009 during the hour from 3 PM to 4 PM PST (4 PM to 5 
PM PDT).  The figure below displays the difference between the average residential load 
profile (represented by the black line), and the average PV customer load served by the utility 
(blue line).   
 
At the time of system peak, the average PV customer load drawn from the grid is lower than 
that of the average customer between the hours of 9 AM and 5 PM PST (10 AM to 6 PM 
PDT).  At the time of system peak, the average residential customer demand was 1.7 kW, 

Pacific Standard Time
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while the average PV customer’s grid-supplied demand was only about 1.1 kW –about two 
thirds that of the average residential customer.   
 

Figure 8-9:  PG&E Residential Average Energy Use on July 14, 2009 (System 
Peak at Hour Ending 4 PM PST) 
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The PG&E residential class peak occurred from 5 PM to 6 PM PST (6 PM to 7 PM PDT) on 
June 28, 2009.  At this time, the average residential customer demand was 2.2 kW.  The 
average PV customer’s grid-supplied load was 2.4 kW.  For PG&E, we do not know what 
was the average demand from both sources (PV and grid).  However, (a) PV customers use 
more energy from all sources than non-PV customers, and (b) as noted above, solar 
generation has a reduced capacity to assist in meeting the residential class peak, this usually 
occurs later in the day, when PV generation is already declining with the sunlight.   
 
 
8.7  Residential PV Load Profiles by Climate Zone 
This section provides a more detailed look at the differences between the whole premise 
energy use and the PV system’s output for SDG&E’s and PG&E’s coastal and inland climate 
zones.  
 
Peak Day and Average Day Energy Use by Climate Zone 

The differences in energy use between the coastal and inland zones in SDG&E’s service 
territory are illustrated in Figure 8-10. 
 
 

Pacific Standard Time
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Figure 8-10:  SDG&E 2009 Average Summer Weekday and System Peak Day 
Profiles by Climate Zone 
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The two charts on the right correspond to September 3, 2009 (the day of SDG&E’s and the 
CAISO’s system peak from 2 PM till 3 PM PST).  The two charts on the left correspond to 
the average summer weekday.   
 
On the day of the system peak, the maximum demand attained in the warmer inland zone is 
only about 0.5 kW higher than in the coastal zone—about a 10 percent difference.  However, 
the inland load shape peaks earlier and has higher usage during the day.   
 
Inland PV systems have higher output than coastal systems.  On the day of the system peak, 
most of the energy produced is consumed at the premise.  The systems are insufficient to 
meet the day’s load, requiring imports of a significant part of the premise’s load, especially 
in the hours after the PV system’s output peaks, around 1 PM PST (2 PM PDT).   
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The average weekday reveals a similar relationship: the maximum premise demand is similar 
for both zones, but total energy use is higher in the inland zone.  While premises in the 
coastal zone reach an average high demand of 2 kW in the evening hours, the inland zone 
reaches the same demand shortly after noon, and sustains it until the evening hours.  On 
average, PV generation in both areas is higher than the premises’ requirements in the 
daytime.   
 
The differences in imports and exports between the coastal and inland zones in PG&E’s 
service territory are illustrated in Figure 8-11.  The profiles are averages over all customers in 
the PV sample.  On the system peak day, as well as on summer weekdays, some households 
are importing from the grid, while others are exporting, resulting in an average profile for 
both imports and exports.   
 
The two charts on the left correspond to July 14, 2009 (the day of PG&E’s system peak 3 
PM—4 PM PST).  The two charts on the right correspond to the average summer weekday.   
 
On the day of the system peak, imports reach their highest level in the evening.  The inland 
load shape peaks earlier and has higher imports during the day than coastal systems.    
 
PV systems in both climate zones have similar levels of exports, peaking at about 2 kW.  
While it is visible on the exports shape that on the day of the system peak PV customers used 
more of their PV generation, this difference is not very pronounced.   
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Figure 8-11:  PG&E 2009 Average Summer Weekday and System Peak Day 
Import and Export Profiles by Climate Zone 
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SDG&E Load Duration Analysis  

Figure 8-12 illustrates the load duration5 curve by climate zone.  This curve depicts the 
hourly energy supplied to or taken from the grid, for the 8,760 hours that comprise 2009.  
The hours are sorted from lowest to highest kW, not by date and time.   
 

Figure 8-12:  SDG&E—Percent of 2009 Hours Generation Met/Did Not Meet 
Whole Premise Load, By Climate Zone  
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These curves illustrate that in 2009, the average system in the Coastal zone produced more 
energy than the residence could consume in that hour for about 20 percent of the hours.  The 
highest excess amount was almost 2 kW.   
 

                                                 
5  The Association of Edison Illuminating Companies (AEIC) Load Research Manual defines the load duration 

curve as “a curve or chart showing the total time (or percent of time) within a specified period during which 
the load equaled or exceeded the load shown.  The curve or chart is represented by ordered pairs derived by 
sorting the loads in descending order for a specified period, usually a day, week, month, or year.  The sorted 
loads are represented on the y-axis as their actual value, or as a percentage of the maximum load value 
during the period.  The values on the x-axis represent the time or percentage of time the demands were 
sustained at or above that level.  The time values on the x-axis are derived by numbering the sorted load 
values from 1 and incrementing by 1 to the total number of time intervals in the period.  The x-coordinates 
are represented as the actual assigned number or the number divided by the total time intervals in the 
period.”  (page G-10)  
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For Inland systems, the number of hours where generation was exceeding consumption was 
slightly higher, surpassing 25 percent of the hours.  The highest excess amount was almost 
2.5 kW.   
 
 
8.8  Examples of Individual Nonresidential Sites  
SDG&E, PG&E, and SCE provided data for selected CSI nonresidential participants.  The 
specific customers presented in this section were selected as examples to represent a variety 
of business types as well as customers with a variety of load characteristics and how their 
average load relates to their PV capacity.  Table 8-8 lists the selected sites that are presented 
in this section, their business type (using NAICS codes), the PV system size, the average kW 
hourly load during 2009, and the ratio of the PV system size to the average kW load. 6   
 
In order to protect the confidentiality of large customers, this section does not report the 
utility where the customer is located.   
 

Table 8-8:  Selected Examples of Nonresidential Sites  

Business Type (NAICS) of Selected Example 
Customers PV Size Avg kW 

Ratio 
PV Size 

/ Avg 
kW 

Department Store  140 120  1.2  
Brewery 280 260  1.1  
Correctional Institution 746 204  3.7  
Office Supplies and Stationery Store 65 35  1.9  
Merchant Wholesaler 996 1,461  0.7  
Dried and Dehydrated Food Manufacturer 955 739  1.3  
Winery 284 219  1.3  
Data Processing, Hosting, and Related Service 194 803  0.2  

 
Example of a Department Store  

Figure 8-13 includes two charts:  the first one is for September 3, 2009, which is the CAISO 
system peak day, and the other one is for a weekday that is representative of most other 
weekdays (April 22, 2009).  As is expected for this type of establishment, the load is very 
flat, and driven mostly by the store’s schedule.  Even though these two days had very 
different temperatures, the “natural” demand appears to be fairly stable, in the 200 kW range.  

                                                 
6  The North American Industry Classification System (NAICS) is the standard used by Federal statistical 

agencies in classifying business establishments for the purpose of collecting, analyzing, and publishing 
statistical data related to the U.S. business economy.  
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On the day of the CAISO system peak, the store’s demand is drastically reduced from about 
3 to 5 PM PST (4 to 6 PDT)—a common window for demand response in California.  The 
demand after the demand response event is higher than the “typical” demand because the 
building is recovering from increased heat accumulation during the demand response event.  
At the time that the demand response is starting, PV generation is already declining.  When 
the demand response event ends, PV generation is close to zero.  However, it is clear from 
observing the import line, which increases as PV generation falls, that PV contributed to 
reduce the site’s imports during the demand response event.   
 
The PV system installed at this site is rated at 140 kW, and it produces that much during the 
hours of highest system output.  It has the effect of reducing the amount of load served by the 
utility.  The exports are minimal (about 1 percent of the system’s total output), as the store 
uses virtually all of the of the PV system’s generated electricity in real time.  
 

Table 8-9:  Example Department Store—Annual Energy Use and PV Generation 

PV Generation  267,100 kWh 
+ Total Imports  782,700 kWh 
- Total Exports  2,100 kWh 
= Total Energy Use at the Premise 1,047,800 kWh 
  
PV generation as percent of total use  25 % 
PV generation as percent of real time use at the premise 25 % 
Percent of PV generation used at the premise 99 % 
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Figure 8-13:  Example Department Store Selected Daily Load Profiles 
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Example of a Brewery  

Figure 8-14 includes two charts:  the first one is for the 2009 CAISO system peak 
(September 3), and the other one is for a weekday that is representative of most other 
weekdays (March 27, 2009).  On the day of the system peak, the facility’s maximum demand 
reaches 450 kW, while it stays at less than 400 kW on an average day.  
 
The PV system is rated at 280 kW.  It supplies close to 20 percent of the energy utilized at 
this site.  It has the effect of reducing the amount of load served by the utility.  The exports 
are minimal (about one percent of the system’s total output), as this facility uses virtually all 
of the of the PV system’s generation as it is produced.  
 

Table 8-10:  Example Brewery—Annual Energy Use and PV Generation 

PV Generation  443,300 
+ Total Imports  1,836,000 
- Total Exports  4,000 
= Total Energy Use at the Premise 2,275,500 
  
PV generation as percent of total use  19 % 
PV generation as percent of real time use at the premise 19 % 
Percent of PV generation used at the premise 99 % 
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Figure 8-14:  Example Brewery Selected Daily Load Profiles 
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Example of a Correctional Institute 

Figure 8-15 includes two charts:  the first one is for the 2009 CAISO system peak 
(September 3), and the other one is for a day that is representative of most other days (August 
16, 2009).  The load ranges from around 200 kW to about 400 kW during the late morning, 
and reaches almost 500 kW on the day of the system peak.    
 
The PV system installed at this site is rated at 746 kW, but produces a maximum of around 
600 kW.  This system can serve the customer’s entire load and export the excess for most of 
the daylight hours when the PV system is generating electricity.  This customer used 61 
percent of the PV generated load at the premise.  Its load shape is complimentary to a PV 
generation load shape with an early morning peak and a gradual reduction on premise energy 
use during the day.  This shape and the size of the PV system to the general load lead to the 
exports at this facility during the system peak. 
 

Table 8-11:  Example Correctional Institute—Annual Energy Use and PV 
Generation 

PV Generation  1,215,000 
+ Total Imports  1,045,000 
- Total Exports  475,000 
= Total Energy Use at the Premise 1,785,000 
  
PV generation as percent of total use  68% 
PV generation as percent of real time use at the premise 41% 
Percent of PV generation used at the premise 61% 
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Figure 8-15:  Example Correctional Institute—Selected Daily Load Profiles 
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Example of an Office Supply Store 

Figure 8-16 includes two charts—the first one is for the 2009 CAISO system peak 
(September 3), and the other one is for a day that is representative of most other days (July 3, 
2009).  As is expected, the load shape follows retail business hours, with loads during the 
night around 15 kW, and running almost flat at its high of almost 80 kW during the hours the 
store is operating (about 8 AM to 10 PM).   
 
The PV system installed at this site is rated at 65 kW.  It output about 60 kW on the day of 
the system peak, although close to 50 kW at the time of the system peak, which has the effect 
of reducing the customer’s load during the mid-day period when the customer’s load was 
highest.  This customer used 95 percent of the PV generated load at the premise, with PV 
generation comprising 39 percent of this customer’s total consumption.  
 

Table 8-12:  Example Office Supply Store—Annual Energy Use and PV 
Generation 

PV Generation  120,000 
+ Total Imports  192,000 
- Total Exports  6,000 
= Total Energy Use at the Premise 306,000 
  
PV generation as percent of total use  39% 
PV generation as percent of real time use at the premise 37% 
Percent of PV generation used at the premise 95% 
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Figure 8-16:  Example Office Supply Store Selected Daily Load Profiles 
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Example of a Merchant Wholesaler 

Figure 8-17 includes two charts—the first one is for the 2009 CAISO system peak 
(September 3), and the other one is for a day that is representative of most other days (April 
20, 2009).  This customer has very high loads throughout the day, about 1,400 kW on 
average, with a peak around 10 AM PST (11 AM PDT).   
 
The PV system installed at this site is rated at 996 kW.  On the two days presented here, the 
maximum output was slightly above 800 kW.  This reduces the customer’s load during the 
mid-day period when the customer’s load was highest and relatively flat.  This customer used 
all of the PV generated load at the premise, with PV generation comprising 14 percent of this 
customer’s total consumption.  
 
Compared to April 20, a milder day, this customer’s load reflects a declining pattern on 
September 3 (the day of the system peak) starting at about 11 AM.  It is highly likely that this 
customer was involved in demand response activity (including price response) throughout the 
day.   
 

Table 8-13:  Example Merchant Wholesaler—Annual Energy Use and PV 
Generation 

PV Generation  1,799,000 
+ Total Imports  11,004,000 
- Total Exports  0 
= Total Energy Use at the Premise 12,803,000 
  
PV generation as percent of total use  14% 
PV generation as percent of real time use at the premise 14% 
Percent of PV generation used at the premise 100% 
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Figure 8-17:  Example Merchant Wholesaler Selected Daily Load Profiles 
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Example of a Dried Food Manufacturer 

Figure 8-18 includes two charts:  the first one is for the 2009 CAISO system peak 
(September 3), and the other one is for a day that the evaluation team before reviewing the 
generation data thought it was representative of other days (March 12, 2009).  This customer 
has loads ranging from 600 kW to about 1,400 kW, and reaches to about 1,600 kW on the 
system peak day.  The load is highest in the morning around 8 AM, and exhibits a steady 
decline throughout the day.    
 
The PV system installed at this site is rated at 955 kW, but the highest output observed in 
these two days is around 800 kW.  This customer is unusual in that the PV generation load 
shape is very different in these two days.  The first generation shape, the PV system is 
showing its dual axis tracking generation capabilities.7  On the day of the system peak, PV 
generation was sustained at levels close to 800 kW for several hours more than on the March 
12, 2009 when we know that the dual axis tracking system was not operational.  Therefore, 
the system exhibits the more common “dome shape” associated with PV generation of a 
fixed system and we are able to observe the extended and greater generational benefits a 
tracking system can provide to the host location.   
 
This PV system effectively reduces the customer’s load during the mid-day period when the 
customer’s load was still high but declining.  This customer exports load on days where the 
load declines enough that the PV generation exceeds the entire load at the premise.  This 
customer used 88 percent of its PV generation, with PV generation comprising 33 percent of 
this customer’s total consumption.  
 

Table 8-14:  Example Dried Food Manufacturer—Annual Energy Use and PV 
Generation 

PV Generation  2,135,000 
+ Total Imports  4,598,000 
- Total Exports  257,000 
= Total Energy Use at the Premise 6,477,000 
  
PV generation as percent of total use  33% 
PV generation as percent of real time use at the premise 29% 
Percent of PV generation used at the premise 88% 

 

                                                 
7  Tracking systems comprise 0.4% of the systems and 8% of the installed rebated capacity. 
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Figure 8-18:  Example Dried Food Manufacturer Selected Daily Load Profiles 
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Example of a Winery 

Figure 8-19 includes two charts:  the first one is for the 2009 CAISO system peak 
(September 3), and the other one is for a day that is representative of most other days (May 
27, 2009).  This customer has loads ranging from 175 kW to almost 400 kW.  The base load 
for this customer is about 175 kW with an additional load of about 100 kW cycling on and 
off throughout the entire 24-hour period.    
 
The PV system installed at this site is rated at 284 kW (although the observed generation 
peaks at about 200 kW) and has the effect of reducing the customer’s load during the mid-
day period.  This customer used 99 percent of the PV generated load at the premise, with PV 
generation comprising 19 percent of this customer’s total consumption.  While the PV 
generation does reduce the overall site’s imports, its generation shape is very different than 
the whole premises load shape. 
 

Table 8-15: Example Winery—Annual Energy Use and PV Generation 

PV Generation  371,000 
+ Total Imports  1,550,000 
- Total Exports  3,000 
= Total Energy Use at the Premise 1,917,000 
  
PV generation as percent of total use  19% 
PV generation as percent of real time use at the premise 19% 
Percent of PV generation used at the premise 99% 
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Figure 8-19:  Example Winery Selected Daily Load Profiles 
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Example of a Data Processing and Hosting Service 

Figure 8-20 includes two charts—the first one is for the 2009 CAISO system peak 
(September 3), and the other one is for a day that is representative of most other days 
(September 24, 2009).  This customer has flat loads ranging from almost 700 kW to about 
1,200 kW both on a typical day and on the system peak day.  The highest loads are achieved 
during the day from 10 AM to 4 PM and vary little from day to day and from month to 
month. 
 
The PV system installed at this site is rated at 194 kW.  Its output is very close to its rated 
capacity, and has the effect of reducing the customer’s high load during the mid-day period.  
This customer used 100 percent of the PV generated load at the premise, with PV generation 
comprising 5 percent of this customer’s total consumption.  
 

Table 8-16:  Example Data Processing and Hosting—Annual Energy Use and 
PV Generation 

PV Generation  373,000 
+ Total Imports  6,665,000 
- Total Exports  0 
= Total Energy Use at the Premise 7,038,000 
  
PV generation as percent of total use  5% 
PV generation as percent of real time use at the premise 5% 
Percent of PV generation used at the premise 100% 
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Figure 8-20:  Example Data Processing and Hosting Service Selected Daily 
Load Profiles 
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8.9  Nonresidential PV Load Data Analysis Findings 
SDG&E, PG&E, and SCE provided data for selected CSI nonresidential participants.  Unlike 
the residential data, the nonresidential data available for this project does not correspond to 
statistical samples of PV customers.  Rather, it is for a group of CSI participants for which it 
was possible to match their settlements load interval data supplied by the utility to their PV 
generation data.  While this precludes statistically based estimates about nonresidential PV 
customers, it is possible to make observations about the characteristics of the establishments’ 
loads and how they are offset by the PV generation.  In general, nonresidential customers 
have usage patterns that are more predictable than residential customers, which in turn permit 
generalizations about some of the observed load patterns.   
 
The evaluation team examined the data to determine its completeness.  We utilized data that 
was complete for 2009 (PV generation and premise data), and that the premise data could be 
matched to the billing data received for these premises8.  The activity codes for the sites that 
were included in this analysis are listed in Table 8-17.   
 
 

                                                 
8  Comparison of load to billing data is a common step in load analysis.  Among other purposes, it ensures that 

the load data is properly matched to the premise where it was collected, and that it is not more or less than 
expected.   
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Table 8-17:  NAICS Code for CSI Nonresidential Sites Available for Load Data 
Analysis 

North American Industrial Classification System (NAICS) Code (4-digit) Count

1151 Support Activities for Crop Production 1 
2213 Water, Sewage and Other Systems 3 
3114 Fruit and Vegetable Preserving and Specialty Food Manufacturing 1 
3121 Beverage Manufacturing 5 
3344 Semiconductor and Other Electronic Component Manufacturing 1 
4239 Miscellaneous Durable Goods Merchant Wholesalers 1 
4243 Apparel, Piece Goods, and Notions Merchant Wholesalers 1 
4244 Grocery and Related Product Merchant Wholesalers 1 
4249 Miscellaneous Nondurable Goods Merchant Wholesalers 1 
4451 Grocery Stores 1 
4511 Sporting Goods, Hobby, and Musical Instrument Stores 2 
4521 Department Stores 9 
4529 Other General Merchandise Stores 5 
4532 Office Supplies, Stationery, and Gift Stores 6 
4931 Warehousing and Storage 1 
5122 Sound Recording Industries 1 
5182 Data Processing, Hosting, and Related Services 1 
5413 Architectural, Engineering, and Related Services 1 
6111 Elementary and Secondary Schools 1 
8131 Religious Organizations 1 
9211 Executive, Legislative, and Other General Government Support 1 
9221 Justice, Public Order, and Safety Activities 1 

      TOTAL 46 
 
This group of customers exhibits the following characteristics:   
 
PV generation.  The PV systems installed at these 46 sites have a rated capacity of 17.3 MW 
and generated 32,200 MWh in 2009.    
 
PV generation as a percent of total use.  The PV systems installed at these sites generated 
an average of 27 percent of all power consumed at the premises.  This ranges between 92 
percent for a school, to 5 percent for the data processing center illustrated in Figure 8-20.   
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PV generation as a percent of real-time use.  While this is not as common as it is with 
residential customers, even as the PV system in these nonresidential sites generate less 
electricity than the customer uses in a year, there are imports from and exports to the grid, 
which eventually cancel each other out9.  For example, the school described above produces 
92 percent of its electricity with the PV system.  However, only 50 percent of its real-time 
electricity use is coming from the PV system directly.  The rest is exchanged with the grid as 
the customer’s usage patterns require it.  These nonresidential customers real-time use ranged 
from 67 percent for the customer engaged in crop-related activities to 5 percent of their total 
use for the data processing center.     
 
PV generation in excess of premise use.  Twenty of the 46 sites analyzed do not produce 
excess energy, or their excess energy is low (2 percent or less of total system output.)  For the 
rest of the customers, energy exports range between 5 and 49 percent of total system output.  
On average, these customers exported about 21 percent of their PV system output in 2009, or 
6,900 MWh.   
 
 
8.10  Summary and Recommendations 
The load profiling analysis conducted on individual premise data confirms that customers 
with PV generation consume less energy from the grid during on-peak hours than their non-
PV counterparts.  This is true despite the fact that CSI program participants, on average, have 
much higher daily loads than nonparticipants.  However, the data also show that the impact at 
the time of system peak is not as pronounced as it is during other hours of the day, because  
the system peak occurs in the late afternoon and solar generation drops rapidly in the late 
afternoon hours.   
 
The residential data for SDG&E and PG&E show that in 2009, PV customers used less 
energy from the grid during system on-peak hours than customers that do not have PV 
systems installed.  In addition, SDG&E data show that residential customers with PV use 
more electricity from all sources than those that do not have PV systems.   
 
The residential data from SDG&E and PG&E show that, even if customers use all of the 
energy generated by their PV panels, they do not on an hour-by-hour basis.  Rather, there are 
constant electricity exchanges with the grid (imports and exports) that eventually offset each 
other out on a net energy basis.  On average in our sample, PG&E residential customers 
imported 24.9 kWh per day and exported 10 kWh per day, for a net use of 14.9 kWh per day 
from the grid.  SDG&E customers imported 22.7 kWh and exported 8.3 kWh for a net use of 
                                                 
9  We make frequent reference to electricity use “in real time” to describe when the customer uses the 

electricity produced by the panels at the customer’s premise, instead of trading power with the grid as 
dictated by the customer’s usage pattern. 
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14.4 kWh per day from the grid.  These offsets, made possible through Net Energy Metering, 
are an important component of the cost-effectiveness of PV.   
 
The nonresidential data provided by SDG&E, PG&E, and SCE show that these customers are 
more likely to use all of the electricity generated on site, and that if there are exports, the 
direction of the energy flow to the grid is less likely to change several times during the day.  
In general, load patterns of nonresidential customers are more consistent day-to-day basis 
than the residential load patterns since they are primarily driven by business hours, shifts, and 
industrial processes.   
 
The observed nonresidential loads generally coincide with the PV generation during the 
daytime hours, and whether the customer exports the excess load in “real time” largely 
depends on PV capacity in relation to the load at the site and in some cases the industry 
segment.  It may benefit policy makers to identify those industries that have a load shapes 
that are complimentary to solar PV and the local feeder (as reviewed in Section 6) to identify 
those sites that would benefit more from solar PV installations and potential exports than 
other sites.   
 
The export patterns of the residential customers depend on both the PV capacity in relation to 
the load as well as the day-to-day energy requirements of the home during the daytime hours.  
Residential loads are more stochastic than nonresidential loads, making it harder to predict 
when exports to the grid will occur.  However, similar to demand response programs, there 
may be an opportunity to encourage load shedding at a residential site to encourage more PV 
system exports.  These exports though need to be predictable and measurable to be of value 
to the IOUs. 
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9 
 
CSI Participant Activity Impacting PV Performance 

 

9.1  Introduction 

This section describes the performance, monitoring, and maintenance activities of the CSI 

participants, which directly impact PV system performance.  The motivation towards 

ensuring high yield production from a PV system lies primarily with the system owners that 

benefit financially from an efficient solar electric producing system.  In many instances, the 

system owners are the hosts of the solar system and, in some instances, the owner of the 

system is a party other than the host customer, such as in the case of Power Purchase 

Agreement (PPA) providers or PV system leases.  As part of this analysis, an attempt was 

made to identify factors that may influence monitoring and maintenance activities and 

thereby performance of systems.  

 

The observations were made using data from the CSI application database (PowerClerk), 

metered data (where available for sites), and through phone surveys of sampled residential 

and nonresidential participants as well as solar contractors.  A subset of the phone-surveyed 

subjects was also included in on-site inspections to collect detailed site observations, verify 

the PV system installation, and obtain additional data.  The sample and methodology for 

these data sources can be found in Section 4.   

 

 

9.2  Performance Monitoring 

Performance monitoring is the act of logging the production of PV systems over periods of 

time.  This can be accomplished through simple inverter display readings of instant or 

cumulative performance or through logging devices that can store or “stream” the data to 

local computers or over the internet to third party service providers.  The data can also be at 

various levels of resolution and recorded with varying levels of customization depending on 

the host customer’s motivation towards monitoring.  The CSI program requires participants, 

unless exempt, to sign up with eligible providers that can monitor systems with a goal to 

ensuring maintenance.  These minimum requirements were developed to increase owner 

knowledge of system performance and foster adequate system maintenance, thereby ensuring 

that ratepayer-funded incentives result in expected levels of solar generation.  
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Performance Monitoring and Reporting Services (PMRS) 

Signing up with a PMRS provider is a CSI program requirement for all Performance-Based 

Incentive (PBI) systems and is also required for all Expected Performance-Based Buydown 

(EPBB) systems, unless they claim exemption due to the cost of the services.1  The eligible 

PMRS providers are certified to provide equipment and data as prescribed by the CSI 

Handbook, but there are also other providers who provide similar services at varying levels 

of quality.  During the phone survey, both residential and nonresidential program participants 

were asked about their awareness of these performance monitoring services and their 

adoption of such.  The focus of this section is on EPBB participants and their adoption of 

PMRS.  In this sample group, they have the option of claiming an exemption. 

 

As shown in Figure 9-1, the distribution of PMRS adoption in the residential phone survey 

sample of EPBB customers was found to be 25 percent and relatively higher in the larger 

system size population.  Third party ownership had a dramatic impact on PMRS adoption, 

with 58 percent signing up for the service.   
 

Figure 9-1:  Residential Distribution of PMRS Adoption 
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1  If the five-year cost of PMRS is more than 1 percent of the system costs, EPBB systems are exempt.  
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In the nonresidential phone survey sample the PMRS adoption was relatively higher among 

the EPBB set at 44 percent, as shown in Figure 9-2.  The business type segmentation found 

that schools have a higher percent of PMRS adoption than the government/non-profit, 

industrial, or agriculture sectors, and other commercial businesses. 

 

Figure 9-2:  Nonresidential Distribution of PMRS Adoption 
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PMRS Awareness for EPBB Participants 

Residential Customers 

The residential phone survey asked EPBB participants whether their contractor discussed the 

availability of a PMRS at the time of solar panel installation.  As shown in Figure 9-3:  

PMRS Recommendations, more than half (54 percent) of the EPBB customers said their 

contractors did discuss the service.  Of those, 53 percent did sign up for a service.  However, 

if the contractor did not recommend or discuss the service, participants were very unlikely to 

sign up for such a service (99 percent did not have PMRS when the contractor did not discuss 

it with them).  This demonstrates a strong correlation between the solar contractor making a 

customer aware of a PMRS and its level of adoption. 

 

Figure 9-3:  PMRS Recommendations vs. Adoption—Residential EPBB 
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Nonresidential Customers 

In general, the nonresidential system owners tended to have a PMRS due to the monitoring 

requirement of receiving PBI payment.  However, among those systems that received an 
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EPBB incentive and can claim exemption from PMRS services, about 65 percent did not 

recall their solar contractor making them aware of such a service as shown in Figure 9-4.  Of 

those that did end up with a PMRS service, 47 percent did recall a conversation about it with 

their contractor.  Similar to the residential phone survey, the contractor conversation appears 

to be a high contributing factor to PMRS adoption. 

 

Figure 9-4:  PMRS Recommendations vs. Adoption—Nonresidential EPBB 
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The solar contractors’ perspective on the PMRS uptake was observed during the phone 

survey of 50 different solar contractors illustrated in Figure 9-5.2  Eighty-seven percent of the 

general installers responded that they seek the PMRS exemption for their EPBB customers, 

and 67 percent of the high volume installers did the same.  Only 15 percent of the high 

volume installers did not claim exemption, implying that their EPBB customers did sign up 

                                                 
2  For a summary of the contractor survey, please see Section 4 of this report. 
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for a PMRS.  However, none of the general installers indicated having any of their customers 

sign up for a PMRS by not claiming the exemption, and only 15 percent rarely filed for 

exemption.  

 

The contractors and participants’ responses indicate that there is a possible gap that can be 

bridged between contractor and customer communication; one that can enable higher 

adoption of monitoring services. 

 

Figure 9-5:  Solar Contractor Phone Survey Responses on Seeking PMRS 
Exemption for EPBB Customers 
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Benefits of Monitoring 

Monitoring provides many benefits, and for little cost compared to the total PV system cost. 

As discussed earlier in this section, the different types of monitoring offer varying levels of 
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benefits and one of the main benefits lies in the potential of timely identification of issues 

and repairs on the system that will minimize its losses in production.  Additionally, 

performance monitoring for a large number of systems allows regulators and policy makers 

to structure incentives and programs to achieve the desired results and performance as they 

impact the electrical grid they feed into.  It may also provide the utilities with valuable 

information and improved information as more PV systems are installed in their respective 

service territories, as reviwed in Sections 5 and 6. 

 

As can be seen in Figure 9-6, the residential phone survey participants without PMRS 

systems reported fewer repairs to their PV system (0.15 per year) than those with PMRS 

systems (0.24 repairs).  Based on this result, we are assuming that the increased reported 

repairs was due to the increased availability of data to the customers.  

 

Figure 9-6:  Distribution of Type of Monitoring and Performance Issue 
Identification for Residential Phone Survey Participants 

25%

74%

0.24

0.15

0%

10%

20%

30%

40%

50%

60%

70%

80%

PMRS No PMRS

EPBB Customers Monitoring type (n=578) Avg Repairs/site/Year

n=570

 



2009 CSI Impact Evaluation 

9-8 Participant Activity Impacting Performance 

The nonresidential phone survey participants identified more issues when there was 

monitoring, whether in-house or through a service.  In Figure 9-7, the systems with PMRS 

reported on average more than twice as many issues per year than those with in-house 

monitoring.  The group that did not have any kind of monitoring (56 percent of the EPBB 

customers) was not asked about the repairs and issues, but it is likely that they may have 

identified some issues from their monthly or annual NEM bill. 

 

In all cases there appears to be a good correlation between the identification of issues and the 

existence of performance monitoring.  The absence of issues with no monitoring is not a case 

of faultless systems but rather the inability to identify issues and thus repairs.   

 

Figure 9-7:  Distribution of Type of Monitoring and Performance Issue 
Identification for Nonresidential Phone Survey Participants 
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9.3  System Maintenance and Cleaning Activity 

The regular maintenance and cleaning of panels can go a long way in ensuring high yield of a 

system.  This is particularly critical for systems that are more prone to collecting dust over 

the dry summer, which is typical in California and coincides with the highest production 

periods.  

 

As shown in Figure 9-8, 55 percent of the residential phone survey participants reported 

regular maintenance and cleaning of panels.  A higher percentage was reported under the PBI 

structure; those participants presumably have a bigger motivation to maximize their 

production for the related financial incentive benefit.  The larger systems also tended to have 

a higher instance of maintenance, again with the motivation of larger investment and thus 

vested interest in high solar production.  The inland and coastal climate difference in the 

level of maintenance was also notable, which may be attributed to the potential higher 

production benefit in the inland versus coastal climates.   

 

Figure 9-8:  Regular Maintenance Performed—Residential Customers 
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A similar trend was seen in the nonresidential phone survey participants (Figure 9-9); out of 

the 76 percent that reported regular maintenance and cleaning of panels, a higher percentage 

of PBI system owners performed regular maintenance.  Larger systems reported more regular 

maintenance, as did the inland versus coastal systems.  

 

Figure 9-9:  Regular Maintenance Performed—Nonresidential Customers 
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As shown in Table 9-1, of the 55 percent of the residential and 76 percent of the 

nonresidential participants that did report regular cleaning and maintenance, more than a 

quarter reported cleaning more than four times a year in both groups. 

 

Table 9-1:  Frequency of Maintenance 

Frequency of Maintenance 

Residential 

(n=356) 

Nonresidential 

(n=327) 

Annually 6% 14% 

2 times a year 14% 18% 

1-4 times per year 37% 27% 

More than 4 times per year 38% 24% 

Don't know/PPA responsible for 5% 17% 

 

This indicates that a potential opportunity exists for the CSI program to educate customers on 

the influence of panel maintenance and cleaning.  As the table indicates, once the customers 

are familiar with the process, the vast majority will perform this work more often than once a 

year. 

 

 

9.4  PV System On-Site Inspections 

The installed capacity is usually the metric used to describe program goals and success in 

terms of kW or MW.  The capacity of a system as referenced in the CSI program is the CEC 

PTC AC rating of the system, which is calculated as CEC PTC DC rating of the modules in 

the system as a factor of the overall inverter efficiency, per the CEC certified equipment 

listing.  However, this capacity does not include the installation characteristics of the system 

(azimuth, tilt, tracking status, mounting offset) or its location and site conditions (shading 

and soiling).  The CSI incentive calculation for the EPBB incentive does include these 

factors though and the incentive paid is scaled to the installation, location, and site shading 

conditions, which encourages for design and installation of high performing systems.  The 

PBI systems, which are paid on the actual performance reported, are encouraged the same 

way, since they are paid what they produce and supply to the host.   

 

For systems that are monitored, the performance can be benchmarked by comparing the 

actual generation to the expected generation.  For the systems that are not monitored, ratio 

estimators are used (as described in Section 5 of this report) to estimate the production based 

on stratification of tilt and azimuth, location, incentive type, and PA region of systems with 

production data.   
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As part of this Impact Evaluation Study there was an opportunity through on-site inspections 

to take a closer look at a sample of PV systems both with and without monitoring to identify 

details on the systems and factors that may be influencing performance.  Understanding these 

factors would be useful in informing any policy and program requirements that could guide 

towards higher performing systems. 

 

Metered Sites and Performance Quartiles 

Table 9-2 shows the split between metered and non-metered systems by sector and incentive 

type for the 257 sites which were inspected on-site. 

 

Table 9-2:  Distribution of Metered Sites in the On-Site Inspection Sample 

 

No. of Sites Capacity (kW) 

Type Metered 

Not 

Metered Total Metered 

Not 

Metered Total 

NONRES 66 48 114 15468.9 1741.9 17210.8 

EPBB 15 48 63 418.2 1741.9 2160.1 

FiveYearPBI 51 0 51 15050.7 0.0 15050.7 

RES 87 56 143 431.4 292.0 723.4 

EPBB 65 56 121 284.9 292.0 577.0 

FiveYearPBI 22 0 22 146.4 0.0 146.4 

Total 153 104 257 15900.3 2033.9 17934.2 

 

When adequate metered data were available, a ranking methodology was used to compare the 

systems’ output relative to their similar peers in the close vicinity.  Systems in close vicinity 

with similar azimuth and tilt were grouped together and the comparison of their hourly 

performance binned them into the four performance quartiles.  

 

Systems that are ranked in the top quartile exhibited performance that placed them in the 75
th

 

percentile or higher compared to other similar systems, based on orientation, tilt, in the near 

vicinity.  Those in the top mid-quartile ranked systems were in the 50
th

 to 74
th

 percentile and 

low-mid and lowest quartiles followed the same breakdown.  The performance ranking 

included all systems in the CSI program that had adequate performance data to benchmark 

them and enough similar systems as peers to make the benchmarking relevant.  Therefore, 

not all systems with performance data or marked as metered were qualified to be ranked.  

More details on the performance ranking methodology can be found in Appendix H.  This 

method is seen as a suitable proxy to measure performance, in the absence of detailed 

metrological data (solar radiation and temperature) available for each site which could have 

been used to benchmark them against expected performance. 
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Table 9-3:  Performance Quartile Distribution of the On-Site Inspections 

  Lowest quartile 

Low-mid 

quartile 

Top-mid 

quartile Top quartile 

  n 

% of 

capacity n 

% of 

capacity n 

% of 

capacity n 

% of 

capacity 

Nonresidential 13 24.8% 9 21.5% 14 27.0% 14 26.6% 

EPBB 1 5.0% 2 37.2% 3 24.8% 3 33.0% 

PBI 12 25.5% 7 21.0% 11 27.0% 11 26.4% 

Residential 21 29.4% 17 21.6% 22 29.1% 16 19.8% 

EPBB 16 32.1% 15 29.3% 13 20.9% 12 17.7% 

PBI 5 24.6% 2 7.7% 9 44.0% 4 23.6% 

Total 34   26   36 

 

30 

  

Equipment and Installation 

The on-site inspection of the PV systems included verifying the equipment and the 

installation characteristics and conditions of the systems.  The equipment was verified as 

generally being consistent with the CSI application record.  However, the tilt and azimuth 

were most often found to be different from what was on record.  This could be attributed to 

the variation in use of instruments while measuring.  

 

To quantify the impact of the altered tilt and azimuth at the inspected sites, the annual 

production of the PV system based on the tilt and azimuth on record was compared to the 

annual production of the PV system tilt and azimuth as recorded on site.  Both the annual 

production values were based on tables generated by PVWatts
3
 which is the base engine for 

the CSI incentive calculation.   

 

For example, if the PV system was listed in the CSI database with a tilt and azimuth of 20 

deg and 210 deg respectively and was found to be 30 deg and 150 deg during on-site 

inspection, the change in annual production would be from 98 percent to 95 percent (of the 

maximum possible for the system).  The impact would therefore be a negative 3 percent in 

potential production for this system compared to what was on record.  Weighting this 

reduction by the rated capacity of the PV system provides the numbers listed in Table 9-4 

below.  These findings are not to be taken as absolute values, but a measure of the potential 

impact in terms of capacity and extent to which it is getting impacted by the change.  

 

The evaluation team found that 58 of the 257 sites inspected had variations in azimuth and 

tilt that would lead to potentially lower production and only six that would lead to higher 

                                                 
3  PVWatts is the NREL-developed base calculation engine that drives the EPBB incentive calculation values 

of production estimates. 
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production; the remaining 193 sites were found to have tilt and azimuth within the tolerance 

of deviation expected through measurements.  Table 9-4 lists the percentage of the site 

inspected capacity that would be impacted by these changes in azimuth and tilt observed.  

There was a 1.5 percent negative potential impact in the nonresidential installed capacity, 

while there was a 3.5 percent negative impact in the residential.  The positive impact was 

found to be very negligible.   

 

Table 9-4: Impact of Site Observed Change in Installation Characteristics 
(Azimuth and Tilt) 

Segment 

Positive impact  

weighted by capacity 

Negative impact  

weighted by capacity 

NonRes 0.0% -1.5% 

Res 0.2% -3.5% 

 

Array Shading 

The program goal and projections of performance are typically made in terms of unshaded 

performance of systems.  This is because determining the accurate impact of shading 

involves calculations that need to factor in the exact geometric analysis of the obstructions 

and the system design in terms of wiring and layout overlaid with the solar geometry at 

different times of the year.  PBI systems receive incentives on the actual system performance, 

which includes the impact of shading.  The EPBB systems that receive an upfront incentive 

also factor in the shading in terms of solar availability on the panels and scale the incentive 

accordingly. 

 

During the on-site inspections, information was collected on the shading condition of the 

systems to determine how much of the installed capacity is potentially prone to shading.  The 

observations were made on systems that were found to be more than minimally shaded4.  Of 

the 257 on-site inspections, 133 sites were found to have some level of observable shading.  

As seen in Table 9-5, more of the residential systems, both in terms of capacity and number 

of sites, have observable shading compared to nonresidential systems.  In addition, both 

residential and nonresidential EPBB systems represent a higher number of systems with more 

than minimal shading.  Since EPBB systems receive upfront incentives, it may be possible 

that they may be paying less attention to shading compared to PBI system owners who may 

be more motivated to ensure high performance to maximize incentive payment.   

 

                                                 
4  Minimal Shading: Arrays, which do not have any object that is closer than two times the height it projects 

above the array, are considered as minimally shaded.  Also, objects that are relatively north of the array and 

do not obstruct the solar access are exempt from the definition of obstructions. 
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The percentage of capacity potentially prone to impact by shading is not necessarily all 

shaded, but provides the degree to which the installed capacity could be potentially impacted 

by shade.  The actual impact of the shade on a system-by-system basis is not feasible to 

assess, due to the reasons stated above.  

 

Table 9-5:  On-Site Inspection Shading Observations 

Sector/Incentive type 

% of on-site inspected 

capacity potentially prone 

to more than minimal 

shading 

Number of on-site 

inspected systems 

potentially prone to more 

than minimal shading 

NONRES 19.7% 38 

EPBB 3.0% 24 

FiveYearPBI 16.7% 14 

RES 63.2% 95 

EPBB 49.6% 79 

FiveYearPBI 13.6% 16 

 

Array Soiling 

In general the soiling level was found to be low during the on-site inspections.  The 

observations were made during rainy season (January–March) and, therefore, the panels may 

have been cleaner than normal due to the rain.  Soiling, similar to shading, has a complex 

effect on the performance of a system, depending on the location, geometry, and layout of the 

system in terms of wiring.  However, it is a given fact that a clean system absent of soiling is 

going to perform better than a slightly soiled system, even though the effect may be small. 
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As seen in Figure 9-10, some heavily soiled systems were found in the lowest performer 

quartile only and the highest performing quartile had the higher proportion of low soiling to 

no soiling observed.  This could be an indicator of the attention to the cleanliness and 

maintenance of the systems that are contributing to overall higher performance versus their 

lower performing counterparts. 

 

Figure 9-10:  Soiling Related to Performance in the On-Site Inspected Systems 
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Instantaneous Performance Check 

The instantaneous performance checks during the on-site inspection of systems provided a 

quick look into the health of the systems, especially for the systems that did not have metered 

data. 5 

 

                                                 
5  Instantaneous performance check was performed during on-site inspections on systems by recording the 

production (kW) on a display, such as inverter of performance meter, and noting the corresponding solar 

incidence (W/m
2
) on the plane of the array and the ambient air temperature. 
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Table 9-6 lists the average difference in the instantaneous performance index to the expected.  

The instantaneous performance index was derived from the site-observed kW reading on the 

inverter display at measured conditions of solar radiation on plane of array and ambient 

temperature.  The expected performance index was derived from the field verification 

certification table used during the CSI site verification visits and is based on the look-up of 

corresponding site conditions recorded during the instantaneous check.6 

 

Table 9-6:  Instantaneous Performance Measure in the Performance Quartiles 

Average of Instantaneous Performance Index - 

Expected Performance Index  

(expressed as a % of rated capacity) 

Performance quartile 

Lowest quartile Top quartile 

Nonresidential 6.4% 13.5% 

Residential -2.5% 20.0% 

 

The expected performance index already has a degradation of over 20 percent for 

miscellaneous conditions that impact lower than rated capacity performance, to be 

conservative in the estimate.  The evaluation team’s assumption was that the instantaneous 

performance measure would be larger than the expected index.  A negative number in 

average difference between the on-site records of the index to the expected index at the same 

conditions shows exceptionally lower than expected performance, as would a relatively lower 

value number.  For example, the lowest quartile of nonresidential systems recorded an 

instantaneous performance that was on average only 6.4 percent better than estimate (which 

is already more than 20 percent below rated capacity), whereas the top quartile systems 

recorded on average 14 percent higher than expected performance.  In the residential sector 

the lowest quartile systems actually recorded an average of 2.5 percent below the estimate 

and the top quartile systems recorded 20 percent better than expected.  So overall, the top 

quartile systems are performing better than expected and it is only residential systems that are 

not.  Although the evaluation team did not perform a root cause analysis as to why this was 

the case, as discussed above, system tilt, azimuth, and panel soiling may be contributors.  

Proper installation and system monitoring are good measures to address this performance 

difference. 

 

 

                                                 
6  http://www.pge.com/includes/docs/word_xls/shared/solar/csi/form_fieldverificationcertification.xls 

http://www.pge.com/includes/docs/word_xls/shared/solar/csi/form_fieldverificationcertification.xls
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9.5  Conclusions and Recommendations 

The most significant finding with regard to participant activity is the importance of 

performance monitoring and maintenance to performance, overall health, and high yield of 

systems.  

 

Conclusions 

Monitoring 

 The phone surveys and on-site inspections identified the awareness of PMRS as 

the biggest factor in PMRS adoption, even in cases where the service was not 

required by the program or where there was an exemption based on cost. 
 

 The monitoring services were found to help in the timely identification and fixing 

of malfunction, thereby limiting the losses in production.  

 

Maintenance and Cleaning 

 Regular maintenance was higher among nonresidential (76 percent) participants 

than residential (55 percent). 
 

 System maintenance was also higher among the groups that had a higher financial 

motivation to improve the performance of the system, such as the PBI participants, 

owners of larger systems, and those located in the inland climate zone. 

 

On-Site Inspections 

 The installed equipment was mostly consistent with CSI database records.  
 

 The installation tilt and azimuth, when found to vary from the CSI database 

recorded numbers, tended to be in the direction with lower performance, in both 

residential and nonresidential systems. 
 

 A larger percentage of residential installed capacity was found to be prone to more 

than minimal shading compared to nonresidential systems. 
 

 A higher number of EPBB systems were found to be prone to more than minimal 

shading in comparison to PBI systems, indicating more financial motivation 

towards higher incentive through performance. 
 

 Systems with more soiling were found to be in the lower performance quartiles as 

compared to no soiling in higher performing quartiles, indicating attention to 

maintenance as a contributor in the long term performance of a system. 
 

 Instantaneous performance checks on systems found higher average performance 

in systems which were ranked in the higher quartiles for long-term performance, as 

compared to lower instantaneous performance among the systems in the lower 

quartile. 
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All these factors point to a more proactive approach on monitoring and maintenance for high 

performing systems, either by owners that have a financial interest in the ongoing high 

production of the system, such as third party PPA arrangement on EPBB systems, or owners 

with production-based PBI systems. 

 

Recommendations 

 Increase customer awareness of performance monitoring services.   

Given the higher likelihood that PMRS adoption occurs when the solar contractor 

reviews this option with the customer, a case can be made for providing more 

awareness in customers related to performance monitoring either through direct 

education or through the solar contractors who interface with the customers at the 

logical time (please also see Section 11 on training options).  
 

 Require long-term monitoring of system performance. 

Move the program towards requiring long-term monitoring of system 

performance, either through PBI or removing the cost-based exemptions for EPBB 

systems.  The availability of the monitoring services and their data on production 

of the system benefits the owners of PV systems in ensuring continued high yield 

and assists the program in determining the ongoing impact the systems are having 

on the transmission and distribution grid of the state.   
 

 Provide more education and outreach on benefits of system maintenance.   

The program could provide more education and outreach on benefits of system 

maintenance in order to ensure high yield from systems.  The on-site inspections 

found that soiling was very low or not present on high performing systems, and the 

phone surveys found that when maintenance was performed, it was done 

frequently enough to be of benefit.  Both these findings led to this 

recommendation. 
 

 Provide more education and outreach on shading.   

The program could provide more outreach and education to all potential system 

owners and solar contractors to better understand impacts of shading on system 

performance, as well as increase awareness, and thus avoidance of shade.  This 

recommendation was motivated by the on-site inspection finding that a significant 

portion of the installed capacity was prone to shade. 
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10 
 
CSI Impact on Participation in Energy Efficiency  

 

10.1  Overview   

This section presents analysis and findings related to the impact of the CSI program on 

participation in energy efficiency opportunities.  This includes general results regarding the 

rate of energy efficiency measure uptake in participant markets, and how it compares with 

activity in nonparticipant markets.  The research presented here investigates the role of the 

CSI energy efficiency requirements in motivating energy efficiency actions, and the degree 

to which there is integration in the markets for energy efficiency and PV generation.  Lastly, 

specific cases are reviewed to provide additional context for these statistically-based 

findings.  

 

The analysis and findings in this section utilize a combination of several data sources.  

PowerClerk tracking data together with the IOU rebate program tracking systems provide an 

accounting of rebated measure adoptions among participating sites.  These data were used in 

combination with the telephone survey and on-site inspection to verify measure installations 

and further qualify measures as energy efficient.  The phone survey also prompted and 

recorded other recent changes to the facility.  Both the phone survey and on-site data 

collection activities investigate the role of energy efficiency audits in measure adoption and 

the timing of installation relative to the audit and the PV system.   

 

As discussed previously, a closely matched group of nonparticipants are examined in an 

analogous way regarding uptake of energy efficiency measures (with the exception of on-site 

inspections).  Nonparticipant data was collected to provide some context for interpreting the 

level of measure and practice activity in the participant markets. 

 

We begin first with the residential sector, followed by the nonresidential.  These two are 

followed by results of interviews with solar contractors regarding their approach and 

perception of the market for energy efficiency and PV.  The section concludes with key 

findings and program design and delivery recommendations to support the continued 
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enhancement of an integrated approach to meeting the state‟s adopted loading order, which 

establishes energy efficiency as the first-priority resource.1  

 

 

10.2  Residential Market Analysis  

This section presents the residential sector results of the analysis of energy efficiency activity 

in CSI participant markets, and examines whether CSI program participation processes 

promote the integration of energy efficiency with PV installations. 

 

Energy Efficiency Measure Uptake, Residential Markets  

This subsection presents the residential energy efficiency measure uptake summary.  

Measure adoption rates are assessed and compared to the nonparticipant population.  The 

measures are also grouped into end use categories to compare the relative frequency of 

different types of measures.    

 

CSI participants and nonparticipants report installing similar numbers of energy efficiency 

measures prior to the start of the CSI program.  Figure 10-1 summarizes data from the phone 

surveys showing that in the 2006 through 2009 timeframe, CSI participants installed more 

energy efficiency measures than nonparticipants.  While this does not necessarily show 

causation (i.e. that CSI participation is what caused the participants to install a higher number 

of energy efficiency measures), the figure shows that the populations diverge in energy 

efficiency behavior in the years in which the CSI program was introduced and launched.   

                                                 
1 See http://www.cpuc.ca.gov/NR/rdonlyres/58ADCD6A-7FE6-4B32-8C70-

7C85CB31EBE7/0/2008_EAP_UPDATE.PDF Page 1 

http://www.cpuc.ca.gov/NR/rdonlyres/58ADCD6A-7FE6-4B32-8C70-7C85CB31EBE7/0/2008_EAP_UPDATE.PDF
http://www.cpuc.ca.gov/NR/rdonlyres/58ADCD6A-7FE6-4B32-8C70-7C85CB31EBE7/0/2008_EAP_UPDATE.PDF


2009 CSI Impact Evaluation 

Impact on Energy Efficiency Participation 10-3 10-3 

Figure 10-1:  Average Number of Self-Reported Efficiency Measures Adopted 
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From 2006-2009, CSI participants self-reported an average of five energy efficiency 

measures, compared with nonparticipants who reported an average of approximately 3.7 

energy efficiency measures.  It should be noted that these numbers are overall for the time 

periods and not per-year, so the smaller bars for 2006-2009 (compared to pre-2006) reflect a 

shorter time frame. 

 

Figure 10-2 shows while CSI participants have adopted more energy efficiency measures 

overall from 2006 through 2009, they install similar numbers of IOU rebated measures as 

nonparticipants.  Therefore, most of the difference in energy efficiency adoptions is due to 

the number of self-reported measures.  The CSI program does not appear to be influencing 

residential participants to participate more actively in the IOU rebate programs, which would 

show up as a rebated measure in the evaluation team‟s data.   
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Figure 10-2:  Measure Adoptions per Customer, Participants vs. 
Nonparticipants and Rebated vs. Self-Reported (2006-2009) 
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To explore what types of measures participants are installing, the measures were grouped 

into end use categories as shown below in Table 10-1. 

 

Table 10-1: Description of End-Use Groupings 

End Use Measure Description 

Appliance High efficiency refrigerators and freezers 

High efficiency dishwashers 

High efficiency clothes washers 

Other self reported appliances 

Lighting Compact fluorescent bulbs (CFLs) 

LED fixtures 

Fluorescent fixtures 

Photocells, occupancy/motion sensors 

Building shell Weather stripping 

Insulation 

Seal leaky ducts 

Water heating High efficiency water heaters 

Water heater tank and pipe insulation 

Low flow showerheads and fixtures 

Hot tub cover 

Cooling Central air-conditioning 

Ceiling fans 

Cool roofs 

Solar shades and window films 

Other High efficiency pool pump 

High efficiency furnace 

Other heating efficiency measures 
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Figure 10-3 shows the measure adoption and end use distribution for the residential program 

participants, segmented by climate zone (coastal versus inland), and a recent history of major 

renovation or construction (2005 or later).  New homes equipped with PV systems participate 

in a separate New Solar Homes Partnership program, but homes undergoing a major 

renovation or homes that were constructed shortly before the decision to install solar are 

included in the CSI participant population.   

 

Figure 10-3:  Self-Reported Measure Adoptions per Participant, by Building 
Age, End Use, and Climate Zone (2006-2009) 
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There is very little difference between inland and coastal regions in rates of measure uptake, 

though coastal tend to do more building shell measures than inland, and inland customers do 

more cooling.   

 

A large portion of participants have recently completed major renovations or construction (35 

percent), and there is a markedly higher measure uptake rate among these homes.  In fact, it 

is these recently renovated homes that are responsible for the participant measure adoption 

rate outpacing nonparticipants.  Homes not recently renovated have a measure uptake rate 

only marginally higher than nonparticipants (4.0 versus 3.8).  It is not too surprising that 
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there are more measures installed among recently renovated homes; major renovations likely 

incorporate many of the reported measures.  What is salient here is the high percentage of 

homes falling into this category and the dichotomous split in measure uptake, with non-

renovators on par with nonparticipants.   

 

Renovation is a special circumstance that affords a unique opportunity to influence or 

enhance the efficiency of equipment changes.  Already, renovators are more likely to respond 

to the CSI required audit.  As is discussed in more detail further on, while renovators outpace 

non-renovators in overall measures adoption by a ratio of 1.7 to 1, they outpace in audit-

influenced adoption by a ratio of more than 3 to 1.  Home renovation is an ideal time to 

provide energy efficient equipment and design information, and a better understanding of this 

important sub-segment of participants and their informational needs may further enhance 

energy efficiency uptake among CSI participants. 

 

Figure 10-4 below further explores the type and frequency of energy efficiency measures 

installed by participants and nonparticipants over the four-year analysis timeframe, 2006-

2009.  This graph shows all measures verified and reported in the phone survey.  

Approximately 1.1 appliance measures were reported installed by CSI participants, compared 

with 0.9 appliance measures by nonparticipants.  Appliances include dishwashers, clothes 

washers, refrigerators, freezers, and unplugging or removing second refrigerators or freezers.  

Furthermore, the lighting end use category shows the biggest difference between participant 

and nonparticipant adoption rates, 1.1 versus 0.7, respectively. 

 

Figure 10-4: Number of Measures Installed Per Participant by End Use, 2006-
2009 
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Figure 10-5 shows the statistically probable range (90 percent confidence interval) around the 

estimated adoption rate for each end-use group.  The bands do not overlap between 

participants and nonparticipants for most end-use groups, signifying that the difference in 

adoption rates between participants and nonparticipants is significant at a 90 percent 

confidence interval.  This is observed for all end-use groups, except for water heater 

measures.  Overall, appliances and lighting measures are most likely to be adopted among 

both participants and nonparticipants.  In all categories, participants adopt more measures 

than nonparticipants, with the largest gap in lighting and cooling. 

 

Figure 10-5: Measure Adoptions per Customer 2006-2009, Mean Values and 90 
Percent Confidence Intervals, by End-Use Group 
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Overall, appliances and lighting seem to exhibit higher uptake among the CSI participants 

than other measures and may be useful measures to pursue for improved integration of 

energy efficiency and PV. 

 

Measure Verification 

As part of the on-site inspections, inspectors attempted to verify whether energy efficiency 

measures were actually installed and, if installed, whether they were “truly” energy-efficient.  

A few of these measures were tracked and reported by the utility rebate programs, while most 

were self-reported on phone surveys.   
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For this study, an energy efficiency measure is defined as a measure that is more efficient 

than the unit it is replacing, is not adding to the building load (such as a second refrigerator), 

and is above current minimum energy standards for new equipment.  Equipment that meets 

but does not exceed current minimum efficiency standards is not considered energy-efficient.  

Equipment must be ENERGY STAR-rated, exceed current building codes, or be above 

industry standard to qualify.  The study is focused on measuring energy efficiency measure 

adoptions rates for the 2006 through 2009 period, covering the period leading up to PV 

system installation and providing a consistent timeframe for comparing participants and 

nonparticipants.  During the site visit, the date of installation was also verified, and 

installations taking place before 2006 are considered invalid per the study measurement 

objectives.   

 

Table 10-2 shows the percentages of energy efficiency measures which could be verified on-

site.  During the on-site survey, the surveyor verified the presence of each reported measure 

and further assessed whether the equipment qualified as a valid energy efficiency (EE) 

measure.  Overall, approximately 91 percent of energy efficiency measures (self-reported and 

program-tracked) were found to have been installed.  However, only about 68 percent of 

measures were verified to be valid installed energy efficiency measures per the criteria 

discussed above.  A comparison between columns 2 and 3 suggests that 18 percent of 

verified measures were not valid energy efficiency measures. 

 

Table 10-2:  On-Site Inspection Verification of Adopted Measures 

Measure Category Verified Valid EE Measure N 

Cooling 95% 84% 94 

Building Shell 93% 66% 72 

Lighting 90% 71% 200 

Appliance 86% 72% 138 

Water heating 77% 61% 160 

Other 77% 53% 92 

Overall 86% 68% 756 
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Figure 10-6 shows that the highest rate of measure verification is in the water heating end-

use group, with 84 percent of measures found present as a valid energy efficiency measure.  

These measures included high efficiency water heaters, low flow fixtures, and insulation on 

water heater tanks and pipes.  The lowest rate of verification was found for the cooling end 

use, which included high efficiency air-conditioning unit, ceiling fan, cool roof, and exterior 

solar screen measures.  This analysis does not include behavioral energy efficiency changes, 

such as regular cleaning of refrigerator coils and annual maintenance of air conditioning 

units, which generally could not be verified. 

 

Figure 10-6:  Percent of Energy Efficiency Measures Verified through On-Site 
Inspection (n=756 Measures) 
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The results of the on-site verification effort show that program participants believe they are 

being energy-efficient, but approximately 18 percent of verified installed energy efficiency 

measures were not found to be valid measures.  As shown below, some of these measures are 

discounted because they were installed prior to home-ownership or prior to 2006.  However, 

most were deemed “not EE measures” because they did not reduce household load, were not 

replacing less efficient equipment, or were not energy efficient.  
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Figure 10-7 shows reasons why measures were identified as not energy-efficient.  The 

category “not EE” refers to items that were reported to have been energy-efficient, but 

actually were not.  In other words, the participant thought that the measure was efficient but 

it was not ENERGY STAR or over-and-above building code.  “Additional” refers to items 

that were added to the existing equipment stock, not replacing anything, such as the 

installation of a second air conditioner.  The reason, “came with house” refers to energy 

efficiency measures that were already installed when the current homeowners purchased the 

house, thus not a new efficiency action.   

 

Figure 10-7:  Reasons Why Measures are Not Energy Efficient (n=756 
Measures) 
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This analysis shows that CSI participants pursued measures they believed were reducing their 

overall electrical use but in some cases were not.  This highlights a potential opportunity for 

improved education on effective energy efficiency measures to residential participants.  Solar 

contractors have a high touch point with participants in the CSI program and are well 

positioned to channel to information on energy use and efficiency to participants. 

 

Role of the Audit in Participant Measure Uptake, Residential Markets 

The figures and tables above show that participants adopt more energy efficiency measures 

than nonparticipants.  One reason for higher energy efficiency measure adoption rates may be 

the CSI program requirement to complete an energy efficiency audit.  In the following 
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section, the influence of the audit and other motivating factors behind the adoption of energy 

efficiency measures are explored. 

 

Figure 10-8 shows the reasons reported by participating customers for adopting energy 

efficiency measures.  Measures were most likely to be adopted to reduce customer energy 

consumption and utility bills.  The second most cited reason for adopting energy efficiency 

measures is related to home improvement reasons, followed distantly by a concern for the 

environment.  Non-energy reasons that were mentioned included home comfort or 

replacement-in-kind of existing equipment.  A minority of customers offered the audit as the 

primary reasons behind installation.  This does not preclude the audit from having been 

influential through its provision of information relating to energy savings, which would be 

more likely cited as the reason for the installation.  

 

Figure 10-8:  Reasons for Installing Energy Efficiency Measures (n = 966) 
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Reducing energy consumption and bills was most frequently cited for all types of measures, 

except for appliances.  Participants who installed appliance measures were most likely to cite 

home improvement reasons for their decision. 
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Data presented in the previous section demonstrates a significantly higher level of measure 

installation activity in the CSI participant segment relative to the nonparticipant segment.  

Next, we investigate the relationship between the decision to install energy efficiency 

measures and the CSI energy efficiency audit requirement.   

 

Figure 10-9 shows self-reported audit completion rates, by audit delivery type, among the 

surveyed participants, segmented by program administrator (PA).  Completion of the energy 

efficiency audit is confirmed by 60 percent of the residential participants surveyed, and this 

rate is similar across all three PAs.  Participants who did not confirm having an audit were 

typically unsure whether an audit occurred.  It appears that the audit was not a significant 

activity for these participants, and that program audit requirements may not be stringent 

enough to promote impactful energy audits that truly motivate participants to follow the 

loading order.   

 

Figure 10-9:  Self-Reported Audit Completion Rates by Audit Type 
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Figure 10-10 compares the influence of a remote audit (e.g. mail-in or online audit) with an 

on-site audit on self-reported and rebated measures.  The graph shows the average response 

to the following question: “On a scale of 0-10 (where 0 is not at all influential and 10 is 

extremely influential), how influential was the audit on your decision to make this action?”   

 

Overall, on-site audits appear to have a higher influence on residential decisions to install 

energy efficiency measures.  For participant self-reported measures (not rebated through an 

IOU program), the on-site audit is substantially more influential compared with a remote 

audit.  Moreover, the audit has a higher average influence on rebated measure adoptions than 

nonrebated measure adoptions, especially for remote audit recipients.  Among 

nonparticipants, the pattern more or less repeats; an on-site audit is more influential than a 

remote audit for self-reported measures, and audits are more influential for rebated measures 

than non-rebated.  Note, the number of nonparticipant datapoints available for audit 

recommended rebated measures is very small, and should be interpreted in this light.   

Figure 10-10:  Average Audit Influence on Recommended Measure Adoptions 
(0 to 10 Scale) by Audit Delivery and Measure Rebate Status 
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Figure 10-11 shows that across all end use categories, the vast majority of adopted measures 

were not recalled by participants as being recommended by the CSI audit.  “Other” measures, 

encompassing pool pump and heating measures, show a slightly higher rate of being 

recommended by the audit.  Cooling and building shell measures were least likely to be 

reported as audit recommended.  Since most measures were not recommended by the energy 

audit, the energy audit appears to have little influence on measure adoption. 

 

Figure 10-11:  Number of Measures Adopted Per Participant, by End Use 
(n=639) 
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Figure 10-12 below shows the percent of measures installed, by end use, that were 

recommended by the energy audit, along with the average response that participants gave to 

the question: “on a scale of 0-10, how influential was the audit on your decision to make this 

action?”  The examination of the percent of measure adoptions that were recommended 

effectively „normalizes‟ over the absolute frequency of adoptions, in order to showcase the 

relative importance of the audits within each end-use group.  Audits have the highest efficacy 

in the lighting and building shell end uses, with about 9 percent of all adoptions 

recommended by the audit.  Cooling has the lowest relative influence with about 3 percent of 

adoptions influenced by the audit.  The mean influence score among those that adopted is 

similar across the end-use groups.   

 

Figure 10-12:  Percent of Measures Recommended by Audit and Mean 
Influence Score (0 to 10 Scale), by End Use (n = 638) 
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Figure 10-13 shows the range in the number of measure adoptions per participant at the 90 

percent confidence interval.  The bands do not overlap between participants and 

nonparticipants, signifying that the difference between in adoption rates is significant at a 90 

percent confidence interval.  Within each group, the bands between those who do and do not 

remember their audits overlap, suggesting that there is little audit influence.   

 

Figure 10-13:  Measure Adoptions per Customer 2006-2009, Mean Values and 
90 Percent Confidence Intervals, by Audit and CSI Participation Status 
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Figure 10-14 shows that SCE participants were more likely to state that the energy efficiency 

measures adopted were motivated by the energy efficiency audit (i.e. rating the influence at 

least 7 or higher on a scale of 0 to 10, with 10 being extremely influential).  This difference is 

found to be statistically significant.2  Moreover, while audit influenced adoptions are higher, 

the overall rate of measure adoption does not vary substantially across service territory, with 

SCE and CCSE at 5.6 measures per participant, and PG&E at 4.6.  The explanation may lie 

in the greater presence of recent home renovators in SCE territory.  SCE substantially 

outpaces the other territories in the rate of recent home renovation, with renovation occurring 

in an estimated 44 percent of SCE participating homes, versus 33 percent in both PG&E and 

CCSE.  As discussed previously, home renovators adopt more measures overall and are 

much more likely to adopt audit-influenced measures.   

 

Figure 10-14:  Measure Adoptions per Participant Influenced by Audit, by 
Program Administrator, n=639 
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2  An omnibus F-test was completed to test the differences in the mean number of measures across the three 

program administrators.  Then posthoc comparison tests analyzed the difference between pairs of utilities.  

SCE was found to be significantly different than PG&E and SDG&E.  PG&E and SDG&E were not found 

to be significantly different. 
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In Figure 10-15 it is shown that lower income households were more likely to state that their 

energy efficiency measures were influenced by the energy efficiency audit.  This could be an 

indication that, while the audit does not heavily influence participants in general, it could 

have an effect on participants who have constrained financial resources.  

 

Figure 10-15:  Measure Adoptions per Participant Influenced by the Audit, by 
Income Bracket (n=517) 

0

0.2

0.4

0.6

0.8

1

< $35,000

(n=15)

 $35,000 -

$71,000 (n=83)

 $72,000 -

$141,000

(n=235)

 $142,000 -

$248,000

(n=113)

 $248,000 -

$318,000 (n=26)

> $318,000

(n=116)

Income (dollars per year)

N
u

m
b

e
r
 o

f 
M

e
a

su
r
e
s

 
 



2009 CSI Impact Evaluation 

Impact on Energy Efficiency Participation 10-19 10-19 

However, in Figure 10-16, no strong relationship appears to exist between the type of energy 

audit and the average number of energy efficiency measures installed.  On-site audits do not 

seem to recommend more measures or lead to more measures being installed.  When 

participants choose to install an audit recommended measure, however, they are more likely 

to rate the on-site audit as having a higher influence on their decision (on a scale of 0 to 10) 

than a measure that was recommended through a remote audit.  In addition, the energy audit 

does not appear to be causing participants to install more energy efficiency measures than 

those who do not recall their energy audit. 

 

Figure 10-16: Average Number of Measures Adopted Per Participant, by Audit 
Delivery Mechanism 
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The evaluation team ran a Poisson regression3 to identify variables that affect the number 

of energy efficiency adoptions participants made after 2006.  The number of measure 

adoptions occurring after year 2006 was modeled as a function of independent variables 

characterizing energy audit types, PV panel maintenance, performance monitoring service, 

and contractor recommendations.  The only statistically significant predictor was whether the 

                                                 
3  A Poisson regression (also known as a log-linear model) is a form of regression that is used to model non-

negative integer values (e.g. number of energy efficiency measures installed) and categorical independent 

variables (e.g. possible influences on the number of efficiency measures installed).  This regression 

approach also assumes that the dependent variable is “independent”, i.e. installation of one measure does not 

make the installation of another measure more or less likely.  
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solar contractor recommended energy efficiency measures to the CSI participant.  Type of 

energy audit did not significantly predict the number of measures adopted. 

 

Based on the analysis presented, the audit does not appear to have a statistically significant 

influence on the number of measures adopted among the CSI residential participants, 

regardless of audit type.  Given that the audit may not be a primary means to increase the 

adoption of energy efficiency measures, it is advisable to explore alternative  mechanisms to 

increase measure adoption prior to the installation of solar or ways to improve the efficacy of 

the audit in the residential market. 

 

Rebated Measure Impact of CSI Participants, Residential Markets  

The previous analysis only examined the number of energy efficiency measures adopted by 

participants, which does not account for differences between the energy savings impacts of 

different measures (e.g. upgrading building shell from R-0 to R-14 is treated the same as 

upgrading from R-0 to R-22).  This subsection examines the energy savings impact of 

measures installed by CSI participants, based on the independently evaluated savings for 

2006-2008 energy efficiency programs.  

 

Table 10-3 shows the ex-post net kWh and kW savings for all energy efficiency measures 

that were rebated by utility energy efficiency programs for the residential CSI participant 

population.  A total of 4,730 measures were rebated to the CSI residential participants during 

the 2006 through 2008 energy efficiency program years.  The majority (63 percent) of kWh 

savings were due to appliance measures, which includes refrigerators, freezers, clothes 

washers, and dryers.  However, almost half of kW savings are related to cooling measures 

such as high efficiency air-conditioning units, which are more likely to save energy during 

peak demand hours.   
 

Table 10-3: Rebated Measure 2006-2008 Ex-Post Net Impact Distribution by 
End Use Summary for Residential Participant Population 

Description kWh kW 

Percent Distribution by End Use 

Appliance 63% 21% 

Cooling 11% 46% 

Lighting 6% 1% 

Building Shell 2% 8% 

Water heating 0% 0% 

Other 18% 24% 

Total   100% 100% 

Summary Statistic 

Total Net Impact of CSI Res Population 1,160,790 414 

Mean Impact Per Rebated Adoption 245 0.1 
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While CSI program participants actively install and apply for rebates for energy efficiency 

measures, a comparison of utility efficiency program tracking data between the residential 

participant sample and nonparticipant sample show no difference in rate of rebated energy 

efficiency measures.   

 

Integration of Energy Efficiency and PV Investment Decision-Making, 
Residential Markets 

This section explores the degree to which opportunities for improved energy efficiency are 

integrated with markets for investment in PV generation systems.  The evaluation team 

assessed the degree to which participants implement energy efficiency before installing solar, 

and further, what drives solar installations in the period leading up to participation in the CSI 

program.  The focus of this section is on data collected during site inspections (143 

residential sites) that relate to the remaining energy efficiency potential at participating sites, 

factors considered in the system sizing decision, and the relationship of both of these to the 

percent of load offset with the PV system.   

 

During the participant site visits, customers were asked to report whether they considered 

energy efficiency measure opportunities and the timing of this consideration relative to the 

installation of the PV system.  Table 10-4 below shows 

distribution of the response to this question for customers with different relative system sizes.  

The percent of load offset by PV system looks at system size in the context of the household 

energy load.  For a given kW system (e.g. 4 kW), it may or may not cover a participant‟s 

entire household energy load.   

 

Participants with small systems relative to their load (less than 50 percent) were most likely 

to not have considered energy efficiency at all.  Participants with medium-sized systems 

relative to load (50-74 percent) were most likely to say that they considered energy efficiency 

both before and after PV installation.  Those with large systems relative to load (75 percent 

or more) were most likely to state that they considered energy efficiency primarily before PV 

installation.   

 



2009 CSI Impact Evaluation 

10-22 Impact on Energy Efficiency Participation 

Table 10-4: Timing of Energy Efficiency Relative to PV System Installation, by 
Percent of Load Offset with PV System 

Timing of Energy Efficiency Consideration 

Percent of Load Offset by PV System 

Less than 50 

Percent 

50-74 

Percent 

75 Percent 

or More 

Considered EE prior to PV Installation 25% 9% 44% 

Considered EE after PV installation 0% 14% 0% 

Considered EE before and after PV installation 36% 75% 47% 

Did not consider EE 39% 1% 8% 

Don't Know 0% 1% 0% 

Overall 100% 100% 100% 

Program participants who considered energy efficiency prior to the PV installation were most 

likely to state that it was a factor in sizing their PV system.  Although participants are 

considering energy efficiency (see Table 10-3 and Table 10-4), less than 20 percent of 

participants mentioned that they specifically considered energy efficiency in the system 

sizing decision.   
 

Figure 10-17 below explores the remaining energy efficiency potential of homes with PV 

systems that are sized to meet different percentages of the household‟s electricity usage.  The 

categories for low, medium, and high remaining energy efficiency potential are based on on-

site assessments by energy professionals who were trained to identify energy efficient 

building systems. 
 

Households with PV systems sized to meet all of the homes‟ electricity usage tend to have 

less energy efficiency potential remaining based on our team‟s observations.  As shown in 

the billing analysis section, these homes tend to have lower overall usage and smaller PV 

systems.  This suggests that residential customers may be following the loading order, and 

may be more likely to size systems to meet more of their home‟s electric load if the homes 

are more energy-efficient.   
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Figure 10-17: Remaining Energy Efficiency Potential by PV System Size, 
Residential Sites (n=135) 
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Figure 10-18 shows that most participants said that they did not consider energy efficiency 

when sizing their PV systems.  Based on these data, and based on the higher uptake of energy 

efficiency measures than nonparticipants, it is likely that CSI participants who offset greater 

than 75 percent of their load were already being energy efficient prior to the decision to “go 

solar.”  This is particularly true of those whose systems offset 100 percent or more of their 

load.  While these participants (100 percent or greater load offset) are likely to say that they 

did not consider energy efficiency, their homes mostly have low remaining energy efficiency 

potential.     
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Figure 10-18:  Participants Considering Energy Efficiency in PV Sizing, 
Residential Sites (n=135) 
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In response to the question, “What was the most important factor you considered when 

selecting the size of your new solar power generation system?” respondents gave answers as 

shown below in Figure 10-19.   

 

Figure 10-19: Most Important Consideration in Sizing (n=143) 
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Here it is shown that participants were most likely to have responded “save on energy bill,” 

during the on-site inspection interview, as their primary reason for their system size 

selection.  In some cases, this may have been an off-handed response, while in others it may 

represent a specific effort to change their billing category, from Tier 4 to tier 1, for example.  

The second most popular answer is “current consumption at time of installation,” suggesting 

that they did not consider other options such as energy efficiency in lowering their bill but 

simply sized their systems to cover current load.  Ten percent of respondents said “energy 

efficiency investments.”  These participants clearly considered both energy efficiency and 

PV concurrently and saw PV as one option to save energy among many. 

 

 

Participant Energy Efficiency Case Stories Collected During On-Site 
Inspections, Residential Markets 

To support the observations and conclusions made elsewhere in this evaluation, and provide 

additional insight into the information gleaned from the on-site inspections, a few brief 
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descriptions of some of the surveyed sites and the associated energy efficiency story are 

provided below.  The on-site inspection data show that residential participants varied 

dramatically from one-another in their motivations, decision making processes, and their 

attitudes toward energy efficiency.  The case studies below are based on the on-site 

inspection visits with residential customers. 

 

Three subsections are presented below: 

  

 Interesting or unique sites,  

 Sites that specifically mentioned energy efficiency for PV system sizing, and 

 Sites for which energy efficiency is standard practice 

 

Interesting/Unique Sites 

Every site is unique, as is the method and path they followed to participate in the CSI 

program.  However, the sites described below are especially notable. 

 

Customer:  SCE19010 (Percent Offset = 70%) 

This customer moved into his home in 1989, built in the 1950s.  His home‟s remaining 

energy efficiency potential is “medium-low.”  He does remember the CSI energy efficiency 

audit.  This customer‟s PV installation was part of a home renovation and his primary 

concern is not really energy savings but home investment value.  This customer‟s perception 

is that the PV system will add to the home‟s value in a way that energy efficiency will not.   

 

Customer: PGE13405 (Percent Offset = 75%) 

This customer moved into his home in 1999, built in 1982.  He has no interest in energy 

efficiency and does not remember his audit, but wants the PV panels to be his sole source of 

electricity.  His remaining energy efficiency potential is “high.”  The customer wants to 

switch gas-using appliances to electric and to increase the size of the PV system to avoid 

what this customer considers to be inconsistent gas prices.  He is not satisfied that the system 

is underperforming relative to his expectations and not covering 100 percent of his needs, but 

seems to be unaware that reducing his use could bring the system to meet most or all of his 

needs.   

 

Customer: PGE4872 (Percent Offset = 70%) 

This customer moved into his home in 2001, built in 1963.  His remaining energy efficiency 

potential is “medium.”  He does not remember his audit.  He installed the PV panels first, and 

is now looking for opportunities to increase energy efficiency to remain in the Tier 1 rate 

group.  After PV install, several participants realized they were close to having a zero energy 

bill after PV installation and are trying to get to that point through energy efficiency 

measures.   
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Sites that Specifically Mentioned Energy Efficiency for PV System Sizing 

A number of sites followed the loading order, evaluating and implementing energy efficiency 

measures before doing the PV and using those energy efficiency measures to downsize the 

PV system.  A few of those sites are described below.  

 

Customer:  SCE49893 (Percent Offset = 95%) 

This customer moved into his house in 2004, built in 1985.  His home‟s remaining energy 

efficiency potential is “medium-high.”  He is a case-in-point why a thorough audit prior to 

PV installation is a good idea.  He did not remember the energy audit which was done in 

conjunction with the CSI program but does remember an audit that was done at their 

previous home.  Based on the remembered recommendations from that previous audit, this 

customer installed a number of energy efficiency measures in their current home before 

installing PV panels.  One glaring omission is that this customer has a large hot tub at this 

new house which is set at 99 degrees all the time.  A more thorough audit might have caught 

this and recommended a temperature setback.   

 

Customer: PGE7705 (Percent Offset is unknown) 

This customer moved into her home in 1993, built in 1973.  Her remaining energy efficiency 

potential is “low.” She does remember the audit.  She understood the relationship between 

efficiency and the size of the PV panels, and undertook an extensive energy efficiency 

remodeling effort prior to PV installation.  This allowed her to save money on the PV panels 

by reducing their size.  This customer remembers the audit very well, but claims it did not 

have any influence on her decision to adopt energy efficiency measures.  The customer 

represents an example of approximately 33 percent of participants who considered energy 

efficiency measures prior to PV installation.  Additionally, she joins the approximately 26 

percent of participants who implemented measures with the goal to reduce the size of their 

PV systems. 

 

Energy-Efficiency is Standard Practice for CSI Participants 

Most participants consider themselves to be energy efficiency aware, and considered energy 

efficiency both before and after PV installation.  A couple of examples that illustrate this 

point are presented below. 

 

Customer: PGE 49431 (Percent Offset = 100%) 

This customer bought a newly constructed home which was built in 2002.  Her remaining 

energy efficiency potential is “medium-low.”  She does not remember the audit.  She is one 

of the program participants who suggested that their energy efficiency opportunities were 

limited because their homes were already efficient.   
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Customer: CCS452840 (Percent Offset = 50%) 

This customer moved into her home in 1998, built in 1986.  Her remaining energy efficiency 

potential is “medium-low.” She does remember the audit.  She is aware of energy efficiency 

and replaces appliances with energy efficient ones when they wear out.  Most customers who 

are energy efficiency aware said that they replace appliances primarily when they wear out, 

as opposed to replacing early.   

 

 

10.3  Nonresidential Market Analysis  

This section presents the nonresidential segment results of an analysis of energy efficiency 

activity in CSI participant markets, and the successful integration of energy efficiency 

opportunities with the CSI program participation process. 

 

The section begins with a discussion of CSI participant attitudes, awareness, and policies 

toward energy efficiency, and comparison of those with the nonparticipating population.  

This is followed by the presentation and discussion of various metrics related to measure 

adoption and timing.  This is explored further with a discussion of the motivating factors 

behind adopting energy efficient measures, and the relationship of those motivators to CSI 

program participation.  Implications of these motivating factors on the timing of measure 

adoptions are also discussed.   

 

In addition, the remaining energy efficiency potential at participating sites is examined for 

the relative frequency and magnitude of missed energy efficiency opportunities in 

participating buildings.  The percent of energy load offset by the PV system is incorporated 

in this analysis to reveal whether systems have likely been oversized relative to optimal 

energy consumption levels employing energy efficient technologies.   

 

Energy Efficiency Measure Uptake, Nonresidential Markets 

This section presents the nonresidential energy efficiency measure uptake summary for both 

participant and nonparticipant populations. Nonparticipant data provide a benchmark for 

assessing other key market characteristics such as organizational policies, procedures, and 

levels of knowledge regarding energy efficiency equipment and practices.   
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Attitudes, Awareness and Policies Regarding Energy Efficiency 

Figure 10-20 below compares key energy efficiency market characteristics of the CSI 

participants to those of nonparticipants, and shows that participants have a stronger energy 

consumption management practices than nonparticipants.4  CSI participants are much more 

likely to have an in-house staff or group dedicated to managing energy use than 

nonparticipants, 67 versus 41 percent respectively.  Similarly, participants are more likely to 

have a policy regarding the purchase of energy efficient equipment, 33 versus 20 percent.  

Additionally, participants are more likely to have begun a new energy conservation practice 

since January of 2006 than nonparticipants, 55 versus 43 percent. 

 

Figure 10-20: Energy Efficiency Attitude and Awareness Characteristics, 
Participants Vs Nonparticipants 
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4  This question was not asked in the residential survey. 
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Participants and nonparticipants were asked to rank their knowledge of energy efficiency 

opportunities for systems in their facility on a scale from 0 to 10, where 0 is not 

knowledgeable at all and 10 is extremely knowledgeable.  Figure 10-21 below summarizes 

the mean scores provided by participants and nonparticipants regarding knowledge of energy 

efficiency opportunities for lighting systems, cooling systems, and also „all other equipment‟ 

at the facility.  Participants score themselves measurably higher for all three equipment types 

than nonparticipants.  This result is indicative of a generally higher level of knowledge in the 

participant market.  Both participants and nonparticipants report a higher level of knowledge 

of lighting than cooling or other equipment. 

 

Figure 10-21: Customer Self-Assessment of Knowledge of Energy Efficiency 
Opportunities, 0 to 10 Scale, Participants Vs Nonparticipants, by End Use 
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As discussed previously, participation records from PowerClerk were compared with the 

IOU rebate program tracking systems to ascertain the rate of rebated measure installation.  

Wherever the data indicated that a CSI participant had installed a rebated measure, the 

installation was verified during the phone survey.  Figure 10-22 below summarizes the 

results for participants and nonparticipants.   

 

Both residential and nonresidential CSI participants are found to install more energy 

efficiency measures than nonparticipants.  For the nonresidential market, however, 

participants are also installing a greater proportion through the IOU rebate programs.  

Participants in the residential sector were not found to install more rebated measures than 

nonparticipants.  Among nonresidential participants, 52 percent of measure installations are 

completed through rebate programs versus 41 percent of nonparticipant installations. 

 

Figure 10-22:  Measure Adoptions per Customer, Participants Vs 
Nonparticipants 
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Figure 10-23 below presents a comparison of the nonparticipant and participant measure 

adoption rates for each end use.  Participants have higher adoption rates versus 

nonparticipants for each end use, though the greatest difference by far is for lighting, where 

the participant adoption rate is three times as high as nonparticipants.     

 

Figure 10-23:  Measure Adoptions per Customer, Participants versus 
Nonparticipants 
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Figure 10-24 below shows the measure adoption and end use distribution for the 

nonresidential program participants, segmented by: 

 

 System size (less than 10 kW versus greater than 10 kW systems), 

 Climate zone (coastal versus inland), and 

 Age of the building (new construction versus existing building).   

 

More installations were found to occur at nonresidential existing buildings than new 

buildings.  This is likely due to the relatively younger age of equipment in place at newer 

nonresidential buildings, leading to a lower likelihood of equipment changes.  Sites with 

larger systems appear more likely to install measures than sites with smaller systems.  Larger 

buildings typically have more equipment to maintain, leading to a higher likelihood of 

equipment changes.  Existing buildings with systems over 10 kW in the coastal region have 

the highest rate of measures installation, at over 2.5 measures per site.  Lighting makes up 

nearly half of installed measures overall, as well as in nearly all segments. 

 

Figure 10-24: Measure Adoptions per Participant, by System Size, End Use, 
Building Age, and Climate Zone  
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Figure 10-25 below compares participant measure adoption rates to those of nonparticipants.   

CSI participants outperform nonparticipants in regards to measure adoptions per site by a 

statistically significant margin.  The average number of adoptions among participants is 1.9 

versus 0.7 among nonparticipants.  The data are also divided by system size and climate zone 

for more detailed comparisons.  Every participant segment individually has a statistically 

significantly higher measure uptake rate than nonparticipants.    

 

Figure 10-25:  Measure Adoptions per Site, Mean Value, and 90 Percent 
Confidence Interval, CSI Participants Vs Nonparticipants 
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Measure Verification 

Data presented in this section up to this point are a reflection of phone survey results.  An 

important question remains regarding the validity of this data, which is brought to light by 

some of the data gathered during the on-site inspections.  Site visits were conducted with 114 

nonresidential customers, all of which had a phone survey.  During the on-site inspection, the 

surveyor verified the presence of each reported measure and further assessed whether the 

equipment qualified as a valid energy efficiency (EE) measure.  Table 10-5 below 

summarizes the on-site survey findings in regards to the validity of reported measures.   

 

The highest rate of measure verification is in the lighting end use, where 74 percent of 

measures were found present and qualified as an energy efficient measure.  Lower rates are 

found among gas and other, due largely to equipment adoptions that were not replacements; 

additional equipment does not qualify as efficient regardless of efficiency rating.  Later in 

this discussion, more details are provided for measures not categorized as a valid energy 

efficiency measures. 

 

Table 10-5: On-Site Measure Verification Results, by End Use 

End Use Verified 

Valid EE 

Measure N 

Lighting 78% 74% 138 

Cooling 80% 57% 64 

Gas 86% 44% 36 

Other 74% 41% 50 

Total 79% 61% 288 
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Figure 10-26 below depicts the distribution across the four end-use groupings for the 

participant installed measures as reported in the survey, and after on-site inspection and 

verification.  Both distributions are dominated by lighting, but the verified distribution is 

even more heavily dominated by lighting, at 50 percent versus 61 percent, respectively.  The 

cooling share remains basically unchanged at about 20 percent, and gas and other are both 

smaller in the verified distribution, by 3 and 6 percent, respectively.   

 

Figure 10-26: Comparison of the End-Use Distribution of Measures 
Investigated Vs Verified Valid Energy Efficiency Measures 
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There are a variety of circumstances that cause measures to be classified as “not a valid 

energy efficiency measure”.  The most common reason 

for disqualification was that the equipment was additional, and not a replacement.  This is 

typically equipment installed during expansions of facilities that may require new cooling 

equipment, or industrial facilities that add new processing equipment, or additional 

refrigeration equipment or similar.  The second most common reason is that the equipment 

did not meet a high efficiency standard.  Facilities that are expanding or renovating may be 

subject to Title 24 compliance, and equipment installed to meet code requirements is not 

considered a high-efficiency measure.  Similarly, equipment that meets a current minimum 

efficiency standard for retrofit applications is not considered high efficiency.  The third most 

common reason is the timing of measure installation.  A few of the lighting and cooling 

measures investigated were installed before 2006 and, therefore, are not considered a valid 

measure over our analysis period.  A small number of measures were installed and high 

efficiency, but were found on an adjacent facility, which was determined not to be part of the 

site being surveyed.   
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As with the residential sector, this reflects an opportunity to better educate the consumers on 

measures that are reducing their baseline and going that extra step exceeding code 

requirements. 

 

Role of the Audit in Participant Measure Uptake, Nonresidential Markets 

Data presented in the previous section demonstrate a significantly higher level of measure 

installation activity in the CSI participant segment relative to the nonparticipant segment.  

The focus of the following analysis is on the relationship between the installation of energy 

efficiency measures and characteristics of CSI participants, and in particular the role of the 

CSI energy efficiency requirements.  Figure 10-27 below shows self-reported audit 

completion rates, by audit delivery type, among the surveyed participants, segmented by 

system size5.   

 

Completion of the energy efficiency audit is confirmed by 53 percent of the nonresidential 

participants surveyed.  Participants who did not confirm having an audit were typically 

unsure whether the audit occurred or not.  Many nonresidential customers had proof of Title 

24 compliance, or other energy efficiency certifications such as LEED or ENERGY STAR, 

and some were simply unaware of the energy efficiency audit.  Among those that did not 

confirm the audit, more than half of those were simply unsure of whether an audit had taken 

place or not.6   

 

Audits delivered on-site account for about 46 percent of all audits reported by participants, 

and nearly 60 percent of audits completed at very large sites (greater than 100 kW).  Sites 

with the smallest systems have a slightly lower audit penetration rate, at near 49 percent.  The 

size of the PV system also has a relationship to the audit type distribution, with larger 

systems more often associated with on-site audits.  On-site audits make up 31 percent of 

audits reported by systems that are less than 10 kW, 48 percent among sites that are 10 to 100 

kW, and 60 percent of audits reported by sites installing systems over 100 kW.   

 

                                                 
5  System size was selected for segmentation of the audit completion rates because the type and completion of 

audit varies more by system size than by other explored characteristics such as business type and region. 
6  Thirty percent of participant respondents overall were unsure of whether an audit had taken place, 

corresponding to 63 percent of those that did not confirm the audit. 
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Figure 10-27: Self-Reported Audit Completion Rates and Audit Type; 
Segmented by System Size 
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The timing of measure installation relative to the audit and to PV system installation was 

explored in the telephone survey, at least for those customers that confirmed having an audit.  

Figure 10-28 below presents the share of measure adoptions that are in the lighting end use 

by timing relative to the audit and PV system installation.  Lighting is always the most 

prevalent type of measure installed, but it interesting that it grows in preponderance during 

the period between the audit and the PV system installation.  Lighting makes up 40 to 50 

percent of measure installation before the audit and after the panels, but 61 percent of the 

installations that occur between the audit and the panels.  These data indicate that lighting 

appears to be more naturally attractive than other end uses in the window between the audit 

and panel installation.  This finding is useful if the CSI program wished to encourage 

adoption of more energy efficiency measures prior to PV installation. 

 

Figure 10-28:  Lighting Share of Measure Adoptions by Timing Relative to the 
Audit and PV System Installation 
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For each measure adoption reported in the telephone survey, respondents were asked whether 

the measure was recommended in the energy efficiency audit.  Figure 10-29 below shows the 

percent of surveyed customers that installed at least on recommended measure within each 

end use category.  Figure 10-29 shows that the audit is much more successful in encouraging 

lighting installations than it is in encouraging cooling, gas or other types of measures.  About 

9 percent of surveyed CSI participants installed a lighting measure as a result of their energy 

efficiency audit.  Uptake for the other three end uses is 3 percent or less.   

 

Survey respondents were asked to report the influence of the energy efficiency audit on their 

decision to install the recommended measure.  They were asked to rank the influence of the 

audit on a scale of 0 to 10 where 0 is not at all influential and 10 is extremely influential.  

The mean influence score among adopters of recommended equipment is shown above each 

end use bar in Figure 10-29 below.  Participants are more likely to install a recommended 

lighting measure, and even among just those that take recommended measures, the lighting 

recommendations are more influential. 

 

Figure 10-29:  Percent of Customers with an Audit Recommended Measure 
Adoption and Mean Audit Influence Score (0 to 10 Scale), by End Use, (N=420) 

Audit Influence 6.7

Audit Influence 6.1

Audit Influence 5.6
Audit Influence 6.1

0%

1%

2%

3%

4%

5%

6%

7%

8%

9%

10%

Lighting Cooling Gas Other

P
er

ce
n

t 
o

f 
cu

st
o

m
er

s 
in

st
a

ll
in

g
 a

n
 a

u
d

it
 r

ec
o

m
m

en
d

ed
 m

ea
su

re

 
 



2009 CSI Impact Evaluation 

Impact on Energy Efficiency Participation 10-41 10-41 

It is apparent that the audit is more persuasive in motivating lighting measure adoptions than 

measures in other end uses.  There are also important differences in the effectiveness of the 

audit by the audit delivery mechanism and the rebate status of the measure.   

 

Figure 10-30 below shows the average influence score reported by participants adopting 

audit recommended measures.  The average influence is shown segmented by audit delivery 

and measure rebate status.  Figure 10-30 shows a much higher mean influence for measures 

recommended during an on-site audit relative to a remote audit.  In addition, measure 

recommendations that come with an IOU rebate are more influential than measures that do 

not.  The most influential audit recommendations are made by an on-site auditor, where a 

successful reference to an IOU program rebate is made for the customer.   

 

Figure 10-30:  Average Audit Influence on Recommended Measure Adoptions 
(0 to 10 Scale) by Audit Delivery and Measure Rebate Status 
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The evidence above shows that lighting is the most commonly installed measure and the 

influence of the audit is highest among those that adopt lighting.  However, because lighting 

is more frequently adopted than other types of measures, it is important to control for the 
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differences in natural measure uptake rates when trying to hone in on the effects of the 

energy efficiency audit.   

 

Figure 10-31 below presents the percent of customers adopting an audit-influenced measure7 

as a percent of customers adopting a measure.  Figure 10-31 clearly shows lighting as the 

front runner in the relative portion of audit influenced adoptions, with almost one-fifth of 

customers that adopt lighting measures being affected by the energy efficiency audit in their 

lighting choices. 

 

Figure 10-31:  Customers Adopting an Audit-Influenced Measure as a Percent 
of Customers Adopting a Measure, by End Use 
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7  Customers were asked to rank the influence of the audit on a scale of 0 to 10, where 0 is not at all influential 

and 10 is extremely influential.  A ranking of 7 through 10 is considered „audit influenced‟. 
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Another important metric of the energy efficiency audit‟s influence on customer adoptions is 

to compare the adoption behavior of those who have had an audit to those that have not.  

Figure 10-32 below shows adoption rates by audit participation status and for 

nonparticipants.  Measure uptake is shown for rebated adoptions alone, as well as for all 

adoptions.   

 

For both rebated adoptions and overall adoptions, CSI participants with an audit have a 

statistically significantly higher measure uptake rate than CSI participants without an audit.  

Moreover, CSI participants with no audit have a statistically significantly higher measure 

adoption rate than nonparticipants.   These data indicate that the CSI participant market is 

more active in the energy efficiency arena than the general marketplace.  Additionally, 

participation in audit programs further improves measure uptake among CSI participants.   

 

Figure 10-32:  Measure Adoptions per Customer, Mean Values, and 90 Percent 
Confidence Intervals  

Parts

no audit

(N=185)

Parts, audit 

(N=235)

All Parts 

(N=420)

Nonparts 

(N=447)

Parts

no audit

(N=185)

Parts, audit 

(N=235)

All Parts 

(N=420)

Nonparts 

(N=447)

Rebated and Unrebated Adoptions Rebated Adoptions

Upper End of Likely Range 1.8 2.5 2.1 0.4 0.9 1.4 1.1 0.4

Estimated Value 1.6 2.2 1.9 0.3 0.7 1.2 1.0 0.3

Lower End of Likely Range 1.3 2.0 1.7 0.2 0.5 1.0 0.9 0.2

0.0

0.5

1.0

1.5

2.0

2.5

3.0

 
 

A regression model, presented next, is constructed to identify the drivers behind energy 

efficiency adoptions made before PV system installation.  The number of measure adoptions 

occurring before the panel installation (and after January 2006) is modeled as a function of 

independent variables characterizing building types and customers.     
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The independent variables used in the model are presented in Table 10-6 below.  They 

include descriptors of business type, system size, building age, climate zone (inland versus 

coastal), and incentive type.  There are two variables related to system monitoring.  The 

hypothesis behind inclusion of this variable is that customers that engage in performance 

monitoring are more likely to be conscientious from an energy efficiency perspective as well.  

There is a flag for customers that report their PV system contractor discussed energy 

efficiency measures with them prior to the system installation.  The „On-Site Audit‟ and 

„Remote Audit‟ variables indicate the receipt of audits and the delivery mechanism.   

 

Table 10-6: Explanatory Variables Used in the Model of Energy Efficiency 
Measure Adoption before PV System Installation 

Variable Definition 

Big Equals a 1 if PV system is greater than 10 kW, 0 otherwise 

New Equals a 1 if new construction, 0 otherwise 

Coastal Equals a 1 if a coastal climate zone, 0 otherwise 

Bus1 Equals 1 if sites is a Non-profit or government facility 

Bus2 equals a 1 if site is a school, 0 otherwise 

Bus3 Equals 1 if site is Ag/Industrial, 0 otherwise 

Monitor Equals 1 if a PBI site or EPBB with PMRS, 0 otherwise  

Maint 

Equals 1 if site performs PV panel maintenance more than once per year, 

0 otherwise 

Contractor 

Contractor discussed EE opportunities with Customer prior to panel 

installation 

On-Site Audit 

Equals 1 if site had an on-site audit within 3 years prior to PV 

installation, 0 otherwise 

Remote_audit 

Equals 1 if site had a remote Audit within 3 years prior to PV 

installation, 0 otherwise 
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The parameter results are shown below in Table 10-7.  The results indicate facilities with 

larger systems are more likely to be good energy efficiency performers.  Many of the 

variables are not statistically significant, indicating a loose relationship with the dependent 

variable.  The contractor variable is significant at the 84 percent level, and indicates that the 

contractor has some sway with customers in motivating energy efficiency adoptions before 

PV system installation.   

 

The most important result from this model is related to the audit.  The on-site audit is highly 

statistically significant and has a strong positive correlation to the likelihood of high energy 

efficiency adoptions prior to PV.  The data also shows a much lower efficacy from remote 

audits, underscoring and validating other finding regarding the greater effectiveness of on-

site audits for customers in the nonresidential segment. 

 

Table 10-7:  Model of Energy Efficiency Measure Adoption before PV System 
Installation, Parameter Estimate Results 

 Independent 

Variable 

Parameter 

Estimate Std Error t-value Pr > |t| 

Intercept 0.72 0.31 2.29 0.02 

Big 0.50 0.26 1.90 0.06 

New -0.28 0.26 -1.07 0.29 

Coastal 0.20 0.21 0.97 0.33 

Bus1 -0.29 0.31 -0.93 0.36 

Bus2 0.39 0.33 1.20 0.23 

Bus3 -0.29 0.25 -1.17 0.24 

Monitor 0.15 0.24 0.60 0.55 

Maint 0.21 0.21 1.00 0.32 

Contractor 0.31 0.22 1.42 0.16 

On-Site Audit 0.94 0.26 3.65 0.00 

Rem_audit 0.14 0.24 0.58 0.56 

 

The figures, tables, and the regression analysis presented in this section thus far show clearly 

higher rates of energy efficiency measure uptake among CSI participants than 

nonparticipants.  While even participants with no audit outpace nonparticipant in energy 

efficiency activity, the data also show that the audit is an effective mechanism for 

encouraging increased adoption among CSI nonresidential participants.  This is a different 

conclusion than the residential sector, where the audit had no observable influence on 

increased adoption.   

 

More evidence of the efficacy of on-site energy efficiency audits for nonresidential 

customers is found in self-reported data regarding the usefulness of the audit.  Customers 

were asked to report whether the energy efficiency audit had improved their knowledge and 
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confidence in energy efficiency opportunities.  Customer reports are consistent with other 

findings presented above that indicate on-site audits are more effective and useful to 

nonresidential CSI customers than remote audits. 

 

Figure 10-33:  Customer Feedback Regarding Audit Usefulness in Improving 
Knowledge and Confidence in Energy Efficiency Opportunities 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

On-Site Audit (N=99) Other Audit (N=130) On-Site Audit (N=99) Other Audit (N=130)

Audit Improved Confidence in EE Audit Improved Knowledge of EE

Significantly Improved Somewhat Improved

 
 

Based on the data and the analysis it is evident that the on-site audit is a powerful mechanism 

to increase energy efficiency adoption.  The next section discusses whether the requirements 

of the CSI program are influential in the nonresidential solar market. 

 

The Role of the CSI Program Requirements in Influencing Audit and Measure Uptake 

This section explores the importance of the CSI program in motivating energy efficiency 

audits.  In the discussion above, there is an investigation of the efficacy of the energy 

efficiency audit in motivating measure adoptions, and the evidence supports the audit as an 

effective tool, particularly the on-site audit.  This section will explore the role of the CSI 

program requirement in motivating customers to take an audit, and differences between the 

impact of audits taken independently versus those mandated by CSI program energy 

efficiency requirements.   
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During the on-site follow up work that was conducted with a subset of the telephone survey 

recipients, the issue of why the audit was completed was discussed with customers.  That is, 

the surveyor interviewed the customer to determine whether the audit was conducted as a 

direct result of the CSI requirement, or whether an independently initiated audit conducted 

during the past three years was submitted to fulfill the requirement.8  Figure 10-34 below 

presents figures based on the data collected during the 114 nonresidential site visits.  The 

figure presents the percent of customers with a confirmed audit that took the audit as a direct 

consequence of the CSI requirement.  About two-thirds of customers that confirmed receipt 

of an audit also reported that it was taken as a direct result of the audit.  The percentage is 

slightly higher for systems under 10 kW than over 10 kW, at 66 versus 62 percent, 

respectively. 

 

Figure 10-34:  Percent of Participant Energy Efficiency Audits Taken as a 
Result of CSI Program Requirement, On-Site Inspection Results 
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The majority of audits conducted by CSI participants were a direct result of the CSI 

application requirement.  An interesting dimension of the effectiveness of the CSI program 

                                                 
8   This is an issue better addressed in person due to the subtlety of the distinction. 
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energy efficiency requirement is whether there is a difference in measure uptake rates among 

those that had a CSI-required audit versus those that independently elected to complete an 

audit.  Figure 10-35 below shows the percent of customers adopting a valid energy efficiency 

measure by audit completion status, and broken down further into the reason behind 

completing the audit.  Figure 10-35 shows a somewhat lower rate of activity among those 

that complete the audit because of the requirement, and this is not surprising.  Customers that 

complete an energy efficiency audit independently and prior to the CSI application process 

likely did so because they were interested in changes that could be made to reduce energy 

consumption.  Nonetheless, measure uptake among those conducting a CSI required audit 

exceeds that for customers with no audit, 65 versus 46 percent respectively. 

 

Figure 10-35:  Percent of Customers Adopting a Valid Energy Efficiency 
Measure by Audit Status and Reason for Audit 
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Figure 10-36 below shows the average number of measure adoptions per CSI participating 

customer, by the reasons for taking an energy efficiency audit.  Those that had an audit 

because of the CSI energy efficiency requirement installed fewer measures than those that 

elected to have an audit independently, 2.1 versus 1.3 respectively.  However, those that 

received a CSI mandated audit adopt more measures per site than those with no audit, 1.3 

versus 1.1.  This data is based on details collected during the site visits, and therefore 

leverages a relatively small dataset.   The differences shown below are not statistically 

significant.   

 

Figure 10-36:  Adoptions per Customer among Audit Recipients, by Reason for 
Audit, CSI Participants 
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As shown in Figure 10-37 below, a majority of energy efficiency measures installed by 

participants were motivated by a desire to save energy (72 percent) and were installed before 

the PV system (also 72 percent).  About 17 percent of installed measures were specifically 

recommended in the energy efficiency audit.  These statistics were gathered during the 

evaluation site visits, where customers were interviewed regarding the reasons behind the 

installation of each measure as well as the timing in relation to the panels.  These data further 

support the characterization of nonresidential participants as conscientious energy consumers 

and pro-active energy managers. 

 

Figure 10-37: Characteristics of Valid Energy Efficient Measure Adoptions, On-
Site Survey Results 
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Rebated Measure Impact of CSI Participants, Nonresidential Markets 

The analysis presented in this section focuses on rates of energy efficient measure uptake, 

abstracting from the size of energy savings associated with the measure installation.  This is 

due to the inherent difficulties in assigning impact values to self-reported measure adoptions.  

As a result of this approach to the analysis of measures, less frequent measure adoptions with 

high associated impact may not get deserved attention, and vice versa.  The intention of the 

following is to provide energy impact context to the energy efficiency activity taking place in 
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the CSI participant population.  Measures adopted through the rebate programs are assigned 

ex-post net impact values as a result of requisite measurement and verification activities.  

These impact data are analyzed to provide some additional insight into the measure adoptions 

and associated energy impact among CSI participants.   

 

Table 10-8 shows the ex-post net kWh and kW savings for energy efficiency measures 

rebated by utility energy efficiency programs for the surveyed CSI participant and 

nonparticipant populations.  The net impact per rebated adoption is substantially larger for 

the participant group than the nonparticipants, at 70,172 versus 4,698 respectively.  Relative 

to nonparticipants, more of the net impact is gained through the installation of lighting.  

Almost 40 percent of the participant net kWh impact is from lighting measures, versus 14 

percent of nonparticipants.  However, for both groups, „other‟ measures offer the highest net 

impact. 

 

The participant „other‟ measures consists primarily of refrigeration and variable frequency 

drives.   Lighting is made up primarily of linear fluorescent installations and cooling is 

mainly HVAC controls and VAV (variable air volume9) conversions.   

 

Lighting is the leading end use for participant kW savings at 47 percent.  „Other‟ measures 

follow closely at 38 percent.  Cooling has lower peak demand impact, due in part to zero 

peak impact from HVAC controls and little from VAV conversion.   

 

Table 10-8:  Rebated Measure 2006-2008 Ex-Post Net Impact Distribution by 
End Use Summary  

End Use 

Participants Nonparticipants 

kWh kW kWh kW 

Lighting 39% 47% 14% 28% 

Cooling 18% 15% 3% 33% 

Other 43% 38% 74% 36% 

Mean Impact Per Rebated Adoption 70,172 13 4,698 1 

 

Integration of Energy Efficiency and PV Investment Decision-Making, 
Nonresidential Markets 

This section explores the degree to which opportunities for improved energy efficiency are 

integrated with markets for investment in PV generation systems in nonresidential markets.  

The objective is to address the question of whether CSI participants have overlooked cost 

                                                 
9   Variable air volume (VAV) is a technique for controlling the capacity of a heating, ventilating, and/or air-

conditioning (HVAC) system. 
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effective energy efficiency opportunities, opting for PV systems to reduce their energy 

consumption.  This section investigates the degree to which CSI participants follow the 

loading order, with a focus on PV systems sized to offset full building energy loads.   

 

Ideally, even where there are missed energy efficiency opportunities, PV systems would be 

sized to offset no more than the load of the building after the adoption of cost-effective 

energy efficiency.  A PV system larger than the load removes the opportunity for the 

deployment of cost-effective energy efficiency and replaces it with higher-cost generation.  

For this reason, it is important to understand the methods that customers and contractors 

currently use to size their PV systems and the degree to which energy efficiency 

opportunities are integrated in this process.   

 

During the site visits to participating buildings, surveyors captured the general level of 

remaining potential for energy efficiency improvements in the building.  The surveyor 

assigned the building a score from 0 to 5, where 0 means no remaining energy efficiency 

potential and 5 means high remaining potential for energy efficiency.  Figure 10-38 below 

shows the mean remaining potential score for the sites surveyed, by the climate zone, system 

size, and age of the building.  The newer buildings have low remaining potential, as should 

be the case given required compliance with Title 24 standards or better for this group.  The 

older existing buildings have medium or medium-low remaining potential, with average 

scores ranging from 2.0 or 2.7.  This result indicates that from an overall perspective the CSI 

participant population is not regularly overlooking major opportunities for energy efficient 

upgrades in favor of PV generation. 
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Figure 10-38:  On-Site Surveyor Assessment of Remaining Energy Efficiency 
Potential, Scale of 0 to 5, where 0 is No Remaining Potential and 5 is High 
Remaining Potential 
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Table 10-9 looks at the relationship of the remaining energy efficiency potential scores to the 

percent of load offset by the PV System.  The table is meant to identify the presence of sites 

that may have sized the PV system to offset load that might have been better addressed 

through the application of energy efficiency upgrades.  The table shows that the mean 

remaining potential score is similar across all categories of relative system size, at a medium 

low level.  Ideally, the potential score would decrease when the PV system becomes close to 

offsetting the full load, but this is not the case.  While the level of remaining potential is 

reasonably low overall, it bears no relationship to the sizing of the PV system relative to the 

load.  There may be room for improvement in the optimal allocation of generation subsidies 

by ensuring that when the PV system is sized to full load, the remaining potential for cost 

effective energy efficiency at the site is low.   

 

The table also shows that energy efficiency measure uptake is slightly higher for PV systems 

that are smaller relative to building load.  The differences are not statistically significant, but 

directionally they indicate the possibility of a drop-off in the pro-active management of 

energy consumption following—or concurrent with—the installation of a full load-sized 

system. 

 

Table 10-9:  Remaining Potential for Energy Efficiency by Percent of Energy 
Load Offset by PV System 

Customer Characteristic 

Percent of Load Offset by PV System 

0-49 50-74 75 and up 

Average Remaining Potential Score (0-5 Scale) 2.0 1.9 2.1 

Percent of Customers Adopting EE Measure 64% 47% 54% 

Percent of Customers Adopting an EE Measure 

Driven Primarily to Save Energy 61% 47% 41% 

EE Measures Per Customer 1.4 1.2 1.2 

N 50 21 36 

 

During the participant site visits, customers were asked to report whether they considered 

energy efficiency measure opportunities, and the timing of this consideration relative to the 

installation of the PV system.  Table 10-10 below shows distribution of the response to this 

question for customers with different relative system sizes.  Customers with small portions of 

their load offset with PV were most likely to consider energy efficiency options both before 

and after PV system installation.  Those with medium-sized systems relative to load (50-74 

percent) follow the loading order fairly well, with three-fourths considering energy efficiency 

either prior to PV system installation or both before and after PV system installation.  Nearly 

all of the customers with systems sized to 74 percent of full load or less considered energy 

efficiency, and most considered it at some point along their path toward PV system 
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installation.  However, systems sized to 75 percent or more of full load are actually less 

likely to have considered energy efficiency.  While 70 percent of the sites in this category 

considered energy efficiency options before installing PV, 27 percent report not having 

considered energy efficiency options at all.   

 

There are nine sampled sites that fall into the higher percent offload category and also report 

no consideration of energy efficiency options.  Among these nine sites, three had low 

remaining potential, due to being a newer or recently renovated site.  Two of the nine sites 

had „medium-low‟ potential, both stated that energy efficiency opportunities would not meet 

their budget and investment criteria, but neither reported having an energy efficiency audit.  

Three sites had „medium‟ potential, and also did not believe their site had opportunities for 

energy efficiency investment that would be cost effective, and all three were also unable to 

confirm receipt of an energy efficiency audit.  The last of the nine sites is a bit different.  

This site had „medium-high‟ remaining energy efficiency potential, but did report doing an 

on-line audit as part of the CSI application process.  When asked why energy efficiency 

opportunities were not considered, the site contact said that no retrofit opportunities had been 

recommended to them. 

 

Sites that offset most of their load with PV tend to be smaller sites or newer sites.  Smaller 

sites may not have the resources to finance the longer paybacks from energy efficiency 

investments, and newer sites may not have opportunities.   

 

Table 10-10: Role of Energy Efficiency in Sizing of PV System, by Percent of 
Load Offset with PV System 

Role of Energy Efficiency in PV System Sizing 

Percent of Load Offset by PV System 

Less than 

50 Percent 

50-74 

Percent 

75 Percent 

or More 

Considered EE Only Before PV installation     20% 31% 17% 

Considered EE Only After PV installation     1% 23% 2% 

Considered EE Before and After PV installation  75% 39% 52% 

Did not Consider EE     3% 7% 27% 

Don't Know 0% 0% 2% 

N 50 21 36 
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Participants were asked to report what information they used to decide what the size of their 

PV system would be.  As shown in Table 10-11 responses are fairly evenly split over the top 

four selections.  About one-quarter were limited by roof size or similar physical limitations.  

Another quarter (24 percent) installed the system size recommended by their contractor, and 

a third cluster (23 percent) based the system size on current consumption.  The fourth group 

was limited in their PV system size selection by capital constraints.  Smaller percentages, 

ranging from 2 to 5 percent incorporated considerations of rebate program incentive 

structures, investment payback, or bill savings.   

 

Table 10-11:  Primary PV System Sizing Decision Factor, Nonresidential 

Decision Factor 

Percent of Customers Relying Primarily on 

Decision Factor 

Area available for installation 25% 

Contractor Recommendation 24% 

Current consumption 23% 

Available capital/Budget considerations 19% 

Program and rebate considerations 5% 

Bill savings 2% 

Payback 2% 

N 410 

 

Participant Energy Efficiency Case Studies Collected During On-Site 
Inspections, Nonresidential Markets 

To support the observations and conclusions made elsewhere in this report, and provide 

additional insight into the information gleaned from the on-site inspections, a few brief 

descriptions of some of the surveyed sites and the associated energy efficiency story are 

provided below.  The on-site inspection data show that participants varied dramatically from 

one-another in their motivations, decision making processes, and their attitudes toward 

energy efficiency.   

 

Three subsections are presented below: 

  

 Interesting or unique sites,  

 Sites that specifically mentioned energy efficiency for PV system sizing, and 

 Sites for which energy-efficiency is standard practice 
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Interesting/Unique Sites 

Every nonresidential site is unique, as is the method and path they followed to participate in 

the CSI program.  However, the sites described below are especially notable. 

 

Customer: PGE8454 (Percent Offset = 18%, 12.9 kW AC) 

This is a very unique 9,000 ft
2
 newly constructed (2008), multi-tenant commercial building 

(although PowerClerk host customer sector is “Government”).  There are six leasable spaces 

and every space is served by its own PV array, which is why there are six separate 

module/inverter systems listed for this CSI application.  The tenants can also check their 

production via a website.  The contact noted that building was designed to meet or exceed 

Title 24, but the only measures cited were T5 fixtures and the use of ambient lighting. 

 

Customer: CCS9253 (Percent Offset = 33%, 4.8 kW AC) 

This was a 6,000 ft
2
 church in Southern California.  The customer was confused about the 

loading order, or possibly enamored by PV technology.  This site was rated as having “High” 

potential for implementing energy efficiency measures, and it was noted that they still have 

some T12 lighting.  However, a comment notes that they are considering either increasing the 

size of their PV system or adding a fuel cell.  

 

Customer: PGE5165 (Percent Offset = 8%, 262 kW AC) 

This site is a 71,582 ft
2
 supermarket chain store in the Central Valley.  The site contact made 

an interesting comment about peak demand.  He noted that this store has the lowest peak 

demand of all the chain stores in the central valley.  Their peak is 410 kW, with an average 

around 360-375 kW, but other stores average 500 kW with 600 kW peak.  Therefore, even 

though the PV system only offsets 8 percent of their load (self-reported), the PV system 

makes a significant impact on demand.  As a check on these observations, the California 

CEUS data was used to estimate the typical energy use and peak demand for a Grocery 

building type in the central valley: 

 

 From CEUS, the Central Valley corresponds to PG&E forecasting climate zone 2 

(FCZ02).  For a Grocery building type in this region, the energy intensity (EI) is 

44.6 kWh/ft
2
 and the peak demand=7.9 W/ft

2
,  which applied to this store yields a 

peak demand of 565 kW and annual energy use of 3,192,557 kWh.  This peak 

value compares well to the site contacts estimate of peak for the other stores.  

 

Customer: PGE32796 (Percent Offset = 90%, 143.4 kW AC) 

This is a 22,000 ft
2
 auto sales and repair shop.  Energy efficiency was not considered at all in 

sizing the PV system; it was primarily installed because of the promised reduction in utility 

costs, and the PV salesperson was a friend who took care of the whole process for the 

customer.  This site is of interest though because the PV panels were installed over the top of 

skylights that were being actively used (see Figure 10-39).  A comment from the customer 
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indicated that lighting use in this building probably increased after installation of the PV 

system, but also commented that HVAC energy use probably decreased due to the shading. 

 

Figure 10-39  When Energy Efficiency and PV Collide 

 
 

Sites that Specifically Mentioned Energy Efficiency for PV System Sizing 

There were very few sites that appeared to have strictly followed the loading order in the way 

that it implies, that is, evaluating and implementing energy efficiency measures before doing 

the PV and using those energy efficiency measures to downsize the PV system.  As 

previously discussed, since the majority of nonresidential customers cannot even approach 

100 percent of their load with a PV system, the incentive to continue to do energy efficiency 

measures will persist.  In fact, they may be even more aware of their energy use as a result of 

having the PV system.  However, several sites did specifically mention that they used energy 

efficiency measures to downsize their PV system, and a few of those are described below.  

 

Customer: PGE3791 (Percent Offset = 50%, 189.3 kW AC) 

This is a 123,000 ft
2
 middle school.  It had multiple CSI applications, so the reported percent 

offset likely included both PV systems.  Only the PV system covered by the targeted CSI 

application was verified, but the size of the other CSI system was noted (195 kW).  Most 

energy efficiency measures were done in 2006, but in anticipation of installing the PV 

system. The site contact specifically mentioned that they had been doing energy efficiency all 

along knowing that reducing their consumption would reduce the size of the PV system 

needed to meet their load.  The site contact reported that the energy audit and energy 

efficiency measure work was done independent of the CSI audit. 
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Customer: PGE30244 (Percent Offset = 60%, 56.8 kW AC) 

This is a 22,300 ft
2
 religious assembly building.  Notes indicate PV sizing was done to 

achieve about 80 percent of the current load minus the estimated savings from energy 

efficiency measures.  The site contact also stated that the optimum energy efficiency 

measures for the budget were chosen and furthermore, that there was the potential to generate 

more than 100 percent of their load, but they did not do so because of CSI program 

requirements. 

 

Customer: PGE000007881 (Percent Offset = 10%, 67.9 kW AC) 

This is a 175,000 ft
2
 high school.  Notes indicate that an audit was done just prior to CSI PV 

installation and that all audit recommendations were implemented, and this is supported by 

the presence of several rebated IOU measures on the survey form, including HVAC and food 

service measures.  However, the energy efficiency potential for the site was rated as medium-

low by the field engineer, because some food service, office, and water heating equipment 

was older and could be replaced.   

 

Energy-Efficiency is Standard Practice for CSI Participants 

This point is proven not only in the comparison to nonparticipants, but also in reviewing the 

on-site survey data and especially the responses to the energy efficiency-PV interaction 

questions posed on the survey.  A few examples that illustrate this point are presented below. 

 

Customer: CCS5958 (Percent Offset = 37%, 507 kW AC) 

This is a 130,000 ft
2
, relatively new (2008), refrigerated warehouse that has two CSI 

applications (the other system is 500 kW and owned by an IOU).  Their largest load is of 

course refrigeration, so they are already very focused on reducing refrigeration energy use.  

When the building was constructed, they used as many energy efficiency options as they 

could, including a fully automated EMS, LED warehouse lighting, and regenerative breaking 

forklifts.  They even pilot tested wind turbines, but did not keep them. 

 

Customer: PGE4137 (Percent Offset = 45%, 346.4 kW AC) 

This is an 80,000 ft
2
 department store that already has an energy management system 

controlled by the corporate headquarters, and energy engineers are on the corporate staff.  

For them, the PV system was just “icing on the cake”.  As such, energy efficiency measures 

were not specifically considered in sizing the PV system because thinking about energy 

efficiency is already standard practice for them.  The PV system was designed solely on the 

basis of what the roof available area and structural load bearing capability. 

 

Customer: SCE16569 (Percent Offset = 35%, 11.8 kW AC) 

This is a 125,000 ft2 religious assembly site.  This site implemented a complete indoor and 

outdoor lighting retrofit as part of a general remodel, but also to reduce energy, and this was 



2009 CSI Impact Evaluation 

10-60 Impact on Energy Efficiency Participation 

not done to downsize the PV system.  This site was actually rated by the field engineer as 

having high potential for energy efficiency measures, primarily because there are some older 

HVAC units there that could be replaced when they burnout, and the site contact mentioned 

some additional future energy efficiency measures. 

 

 

10.4  Contractor Role in Delivering Energy Efficiency to CSI 
Participants 

This section explores perspectives on the solar contractor role in delivering energy efficiency 

options to CSI program participants.  Interviews were conducted with 50 solar installation 

contractors that are active in the CSI program participant markets.   During this interview, 

contractors were asked to characterize the ways in which energy efficiency options are an 

integral part of the PV system installation and sizing process.  Contractors were asked to 

provide their perspectives on the reception of the CSI program energy efficiency 

requirements by customers.  Contractors also described the informational and technical 

support they provide to solar customers related to energy efficiency investments.   

 

More than 90 percent of the contractors surveyed state that they regularly discuss energy 

efficiency options with their PV customers.  Residential customers generally confirm this, 

with just under 70 percent of survey respondents stating that their contractor had discussed 

the audit recommendations with them.  Eighty percent of nonresidential participants stated 

that costs and benefits of energy efficiency had been made clear to them during the CSI 

application process.  However, only about 25 to 30 percent of customers in either market 

report their solar contractor discussed energy efficiency with them in the context of system 

sizing. .   

 

In the residential participant telephone survey, a series of questions were posed regarding the 

involvement of the contractor in the audit process and in understanding the 

recommendations.  Recall from previous discussions that about 60 percent of residential 

customers remember having completed an energy audit.  Figure 10-40 Error! Reference 

source not found. summarizes the responses regarding the contractor involvement in the 

audit process for those that remember the audit.  Most customers report that the contractor 

provided the forms or a link to the audit, and discussed the recommendations with them.  

About half report that their contractor filled out and submitted the audit on their behalf    
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Figure 10-40:  Solar Contractor Involvement with Energy Efficiency Audit, 
Residential Customers 
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Documentation must be filed as part of the CSI reservation process, so an audit is taking 

place, but the degree that CSI participants are engaged in that process is varied.  The majority 

of contractors are assisting and discussing the audit with customers, but 40 percent of 

residential customers are emerging from the CSI application process without awareness of 

the audit or recommendations.  Thirty percent of those that recall the audit do not recall their 

contractor discussing the results or recommendations with them.  Further, as discussed 

above, energy efficiency is rarely discussed in the context of system sizing.  These items 

remain a potential opportunity for program delivery improvement in keeping with the loading 

order.   
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To further address the involvement of solar contractors in the audit process, the phone survey 

with solar contractors touched on issues related to audit services and energy efficiency 

measure installation.  As shown in Figure 10-41 below, a little more than half of the high 

volume solar installers report that they provide energy efficiency audits to their solar 

customers, which is most likely facilitating the use of the IOU on-line audit.  General market 

installers are somewhat more likely to provide an “audit service”, at a little more than 70 

percent. 

 

Figure 10-41:  Solar Contractors that Offer Energy Efficiency Audits to 
Customers 
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The most common audit service offered by participating contractors is the IOU online audit.  

Among contractors that offer an audit service, nearly 60 percent offer an online audit service.  

On-site audits are also fairly common, at 44 percent.   Facilitating the use of the IOU 

telephone and other types of audits are relatively uncommon, at less than 10 percent.   
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Solar contractors were asked for their perspectives on the efficacy of the energy efficiency 

audit in increasing knowledge of opportunities within their PV customer base.  Figure 10-42 

below shows that less than half of the participating contractors surveyed report customers 

understand their audit „very well‟ or „extremely well‟.  Most of the remaining contractors 

reported customers have a moderate degree of understanding of the audit information.  

Interestingly, contractors offering on-site audit services were more likely to report their 

clients have a strong degree of understanding of audit information.  This is another data point 

highlighting the power of the on-site audit.  

 

Figure 10-42:  Installers Reporting Customers Understand Audits Extremely 
Well or Very Well 
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Evaluation findings indicate that contractors providing on-site audits are more likely to have 

customers that understand audit results and implement energy efficiency measures prior to 

installing a PV system.  Next, this investigation turns to  the solar contractor‟s ability to 

provide measure installation services and the relationship between this ability and the 

likelihood of energy efficient measure adoption.  
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As shown in Figure 10-43 below, a little less than half (46 percent) of contractors surveyed 

provide energy efficiency measure installation services or assistance to their solar customers.  

About one-third of solar contractors are able to provide these services through internal 

resources, and about 17 percent refer customers to a partnering firm to assist with measure 

installation.  The ability to provide installation services indicates a greater business interest 

and perhaps knowledge of energy efficiency measures.   

 

Figure 10-43:  Energy Efficiency Measure Installation Assistance Provided by 
Solar Contractors (n=50) 
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These characteristics may have a positive effect on customer perceptions of energy efficiency 

opportunities, and the likelihood to adopt measures. 
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As shown in Figure 10-44, contractors that provide assistance with installation services 

report greater rates of energy efficiency measure uptake among their solar customers.  Those 

that provide these services internally report a moderately higher uptake rate than those that 

provide services through a partner firm, but a substantially higher rate relative to contractors 

that do not provide installation services, 59 versus 33 percent, respectively.   

 

Figure 10-44:  Contractor Perspectives on the Percent of Solar Customers 
Adopting Energy Efficiency Measures 
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As discussed above, both contractors offering on-site audits and contractors offering 

installation services report higher measure uptake among their solar customers.  Next, the 

overlap between these two groups of contractors is investigated.  Figure 10-45 below shows 

the percent of contractors offering measure installation assistance, by the types of audit 

services offered.  Contractors offering on-site audits are about twice as likely to offer 

assistance with measure installation.  The subset of contractors offering on-site audits and 

installation services may provide a more effective vehicle for energy efficiency measure 

delivery to the CSI participant population. 

 

Figure 10-45:  Percent of Solar Contractors That Provide Assistance with 
Energy Efficiency Measure Installation (N=50) 
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Figure 10-46 below suggests that contractors with on-site audit capabilities are an effective 

conduit for energy efficiency, with a greater likelihood to recommend specific energy 

efficiency measures to their solar customers.  Nearly all contractors offering on-site audits 

make specific energy efficiency measure suggestions to their solar PV customers.   Delivery 

of CSI program incented PV Systems through contractors with on-site audit and energy 

efficiency measure installation assistance capabilities may improve measure uptake and 

efficiency at participating sites and provide expanded opportunities for the solar contractor.  

 

Figure 10-46: Percent of Contractors that Regularly Suggest Specific Energy 
Efficiency Measures to CSI Customers  
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10.5  Key Findings 

Residential Market 

The key findings related to the impact of the CSI program on participation in energy 

efficiency opportunities in the residential sector are summarized below: 

 

 Overall, it is apparent that program participants were more likely to adopt energy 

efficiency measures than nonparticipants.  Prior to 2006, participants adopted 

measures at a similar rate to nonparticipants.  However, in the 2006 through 2009 

time frame, participants adopted, on average, about 30 percent more measures than 

nonparticipants.  This trend is true across all measure categories.   
 

 Major renovators and newer construction make up a substantial proportion of the 

res population (35 percent) and are primarily responsible for the increased measure 

adoption relative to nonparticipants.  Measure uptake among non-renovators is 

nearly equivalent to nonparticipants (4.0 versus 3.8 measures adopted per 

customer).   
 

 On-site inspections found that approximately 91 percent of self reported energy 

efficiency measure adoptions were present and operational.  However, only about 

68 percent of measures were verified to be valid energy efficiency measures.   
 

 The energy efficiency measures adopted are not highly influenced by the energy 

audit required by the CSI program in the residential sector.  Participants and 

nonparticipants are about equally likely to report having had an energy efficiency 

audit in the past three years.  Other audit findings include: 

─ Only 60 percent of the residential participants surveyed recalled having an 

energy audit.  The online audit was by far the most common form of audit.   

─ Measure recommendations made during an on-site audit are typically granted 

a higher influence score by the participant than remote (e.g. online or mail) 

recommendations.   
 

 Households with PV systems sized to meet all of the homes‟ electricity usage tend 

to have less energy efficiency potential remaining.   
 

 CSI program participants stated that they sized their systems based on expected 

savings on their bill, based on their current electricity bill, or based on the sizing 

recommendation of their solar contractor.  Most participants stated that energy 

efficiency was not considered when sizing their system. 
 

 Only 21 percent of phone survey respondents state that they considered energy 

efficiency in sizing their PV systems.  While most participants do not say that they 

considered energy efficiency in sizing their system, they do mostly self-identify as 

concerned about energy efficiency both before and after PV installation.  In 

addition, they seem to exhibit a tendency to install a higher number of energy 

efficiency measures in the period leading up to their PV installation than 

nonparticipants, and install more measures in general.  
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Nonresidential Market 

Key findings for the nonresidential sector are as follows:  

 

 The data and discussion presented in this section clearly show there is more energy 

efficiency measure adoption activity among CSI participants than the 

nonparticipating population even when controlling for business type and location 

parameters  
 

 In contrast to the residential sector, the nonresidential analysis shows that energy 

efficiency audits are more effective in motivating increased measure adoption 

activity among the CSI participant base.  Further, two-thirds of CSI participants 

that took an audit did so as a result of the CSI program requirement, indicating that 

the program energy efficiency requirement is successful in motivating increased 

measure uptake among its participant base.  Other audit findings include: 

─ On-site audits for the nonresidential sector have much higher measure 

adoption follow-through than audits delivered through other remote delivery 

channels such as online.    

─ Audit recommendations made in the lighting end use have a higher measure 

adoption follow through than recommendations in other end uses. 

─ Audit recommendations made along with a referral to an IOU rebate program 

are likely to work better than stand alone recommendations, evidenced by 

higher audit influence on rebated measure adoptions. 
 

 The on-site inspection data show that there remains some energy efficiency 

potential among the CSI participating population of sites.  This finding validates 

the continued need for vigilance in efforts to integrate the provision of energy 

efficiency and generation opportunities to participating customers. 

 

Contractor Role 

With the inclusion of the contractor survey we could then analyze the entire value chain on 

the integration of energy efficiency and PV installation:  Key findings include: 

 

 Nearly all contractors surveyed report discussing energy efficiency measures with 

their customers, and many report suggesting specific equipment options to their 

solar customers on a regular basis.  However, the end-user data suggest that these 

messages are not always getting through.   
 

 Contractors offering measure installation services and on-site audits report higher 

measure uptake among their solar customers.   
 

 Thirty percent of contractors surveyed provide or facilitate on-site audits for their 

solar customers, and 46 percent offer measure installation assistance either through 

internal staff or a partnering firm.   
 

 Contractors that offer on-site audits report higher levels of customer comprehension 

of audit recommendations.   
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These findings are consistent with nonresidential end user reports of gaining more knowledge 

of energy efficiency through an on-site audit.  Interestingly, contractors offering on-site 

audits are about twice as likely to offer assistance with measure installation. 

 

 

10.6  Recommendations 

The results shown throughout this section shed light on the relationship between energy 

efficiency and PV installation.  The following are some recommendations for program 

policy, which may help to improve the success of the program‟s goal of promoting energy 

efficiency through the CSI program and maintaining the loading order. 

 

Recommendation:  Apply the new PEAT energy audit requirements 

In the near future, energy efficiency audits will be further improved through the CPUC‟s 

efforts in Integrated Demand Side Management (IDSM).  Under the IDSM initiative, the 

CPUC directed the IOUs to work collaboratively “to better coordinate across the entire range 

of DSM programs so as to leverage opportunities to maximize energy savings.”  In response 

to this, the IOUs are developing the Progressive Energy Audit Tool (PEAT).10  Among 

PEAT‟s characteristics are that it will be verifiable, comprehensive, site-specific, and 

compatible with the CSI program.  PEAT will combine energy audit findings with 

appropriate solar calculator results into a report on energy improvement opportunities, 

allowing customers to understand the relative costs of pursuing the full range of DSM 

options. Specifically, the tool will enable the following CSI audit report requirements:  

 

 Use of current load and consumption (billing data) 
 

 Estimated size, output, and cost of any proposed DG system 
 

 Comprehensive list of site-applicable DSM measures 
 

 Estimated cost and annual energy savings of each energy efficiency measure 
 

 Payback analysis for each energy efficiency and solar measure 
 

 A list of building energy use assessment services and tools available for use by the 

building owner or manager for further investigation 
 

 Affirmation with signature that customer has read and understands the 

information. This affirmation will be available to CSI PAs and other DSM 

programs. 

 

                                                 
10  On January 22, 2010, the IOUs filed an advice letter to respond to, among other things, the CPUC‟s requests 

to develop a standardized cross-utility integrated Progressive Energy Audit Tool (PEAT).   
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According to the IOUs, the development of PEAT is scheduled for sometime in 2010.  The 

date when the tool will be available to CSI customers has not been determined yet.  When 

PEAT becomes available, it will significantly improve customers‟ understanding of their 

saving opportunities through energy efficiency, and its impact on their solar installation.   

 

Recommendation:  Consider tiered incentives based on documented energy efficiency 

measures  

CSI program participants may be motivated to consider energy efficiency measures more 

seriously if the CSI program were to create an incentive scheme that provides higher rebates 

if energy efficiency measures are adopted, in addition to PV.  A tiered incentive structure 

would reward comprehensive adoption of energy efficiency measures and PV system.  This 

could be in the form of an adder provided if energy efficient measure adoption exceeds 

certain thresholds.  For example, if a participant installs a high efficiency AC system in 

addition to a PV system, they could receive a higher rebate for the two measures combined 

than if the two rebates are offered independently.  This would promote an effective use of 

incentive dollars to promote the proper loading order.   

 

Recommendation:  Consider reducing the allowable size to 80 percent of annual load 

Reduction would minimize excess generation as those analyzed in Section 7 and maximize 

CSI participant‟s interest in energy efficiency savings. 

 

The next two recommendations focus on the contractors, which the evaluation team 

concludes are a strong mechanism as a channel for energy efficiency if the right motivators 

are present. 

 

Recommendation: More heavily leverage and incentivize contractors as channel for energy 

efficiency installations 

A large group of both residential and nonresidential participants simply follow the 

recommendations of their contractor in PV sizing.  Typically, contractors are financially 

motivated to sell the largest PV system they can.  The CPUC and IOUs should consider 

developing incentive mechanisms to financially motivate the contractors to actively promote 

energy efficiency measure adoption.  Contractors provide a critical touch point with the 

customer that should be fully leveraged.  Contractors could have a heavy influence on 

helping participants understand the economic value of installing energy efficiency prior to 

PV.   
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Recommendation:  Expand training programs to increase number of contractors that offer 

fully bundled services 

For the nonresidential sector, the on-site audit has much better results than other audit 

delivery mechanisms.  The program should work with contractors to increase or incentivize 

the provision of on-site energy efficiency audits in nonresidential markets.  The program 

should also work with contractors to increase their awareness of IOU rebate program 

offerings, and leverage these offerings to increase recommended measure uptake among CSI 

participants.  Consider offering a contractor training course on energy efficiency that 

incorporates a review of rebate program offerings and paperwork requirements.   

 

Recommendation: Focus on energy efficiency measures that are a success now 

Lighting recommendations have higher audit follow-through rates, and are more likely than 

other measures to be installed in the window between the audit and PV system installation.  

Program administrators should consider focusing on lighting opportunities and available IOU 

rebates as an effective strategy to further increase energy efficiency measure uptake among 

CSI participants, particularly in the nonresidential sector.  

 

Recommendation: Understand and leverage the role of home renovation 

Phone survey results indicate a large segment of the residential participant population (35 

percent) completed major construction or renovation in a similar timeframe to PV system 

installation.  Home renovation is an ideal time to provide energy efficient equipment and 

design information, and a better understanding of this important sub-segment of participants 

and their informational needs may further enhance energy efficiency uptake among CSI 

participants.  Moreover, energy efficiency measure adoption among residential participants is 

concentrated in this sub-segment of the population.  It is recommended that the rate of 

coincident CSI participation with home renovation be tracked in future evaluations, and that 

consideration be given to developing tools and services to support energy efficient choices 

throughout renovation.  This might include design assistance, or referrals to efficient design 

standards or potential whole house energy efficiency programs from the IOUs.  
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11 
 
CSI Awareness, Participant Motivation, and 
Satisfaction  

 

11.1  Introduction  

One of the goals of the CSI program is to foster growth and transform the solar market in 

California to be sustainable in the absence of ratepayer subsidy.  The CSI program is 

designed as a means to this end.  In support of this goal, this section focuses on the analysis 

of data collected from the participant, nonparticipant, and contractor phone surveys that are 

related to the measurement of progress towards awareness and program satisfaction.  This 

section also includes an investigation of the primary drivers to “go solar” and a discussion of 

solar contractors‟ recent market experience and industry growth projections.  

 

The subsections herein are divided into the following market segments:  residential, 

nonresidential, and solar contractors.  

 

The residential and nonresidential subsections are organized as follows: 
  

 Sources of program awareness 

 Primary reasons for installing system 

 Factors influencing decision to install system 

 Factors influencing system size 

 Participant satisfaction  

 Nonparticipant program awareness 

 Nonparticipant propensity to consider solar 

 

The solar contractor subsection is organized as follows: 
  

 Market growth and outlook 

─ Business outlook 

─ Changes in firm size 
  

 Customer satisfaction with installation contractor 

─ Reasons for satisfaction—residential 

─ Reasons for satisfaction—nonresidential 

 Contractor feedback on CSI Program core services and support 
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11.2  Residential Market  

Sources of Program Awareness 

The phone surveys asked participants and nonparticipants how they first became aware of the 

program, shown in Figure 11-1.  For participants, contractors are the most common source of 

information followed by traditional marketing channels such as television, radio, and print 

advertisements.  These results are consistent with those reported in the Opinion Dynamics 

Corporation (ODC) Early Process Findings Report which states that many participants learn 

about the program through their contractors.1  Only 1 percent of the participants heard about 

the program through their utility. 

 

More than one-third of the residential nonparticipants have not heard of the CSI program.  

Traditional marketing channels are the most common source of program information for 

nonparticipants, with almost 40 percent of the survey respondents stating that they learned 

about the program through these channels.  As seen with program participants, only 1 percent 

of nonparticipants gained awareness of the program through their utility. 

 

Figure 11-1:  Source of Program Awareness—Residential  
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1  http://www.cpuc.ca.gov/PUC/energy/Solar/CSI+Process+-+Evaluation+Early+Findings.htm 

http://www.cpuc.ca.gov/PUC/energy/Solar/CSI+Process+-+Evaluation+Early+Findings.htm
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Primary Reasons for Installing PV System 

The phone survey asked participants to provide their primary reason for installing solar 

panels through the CSI program.  The evaluation team coded their answers into these five 

categories:  
  

 Financial reasons 

 Concern for the environment 

 To save energy 

 Because of the CSI rebate  

 Other reasons  
  

Overall, the strongest reason to “go solar” is the financial benefits of the investment in solar, 

as shown in Figure 11-2.  These results are also supported by the recently released ODC CSI 

Process Evaluation Report.   
  

Environmental concerns are very important for participants with PV systems that are below 

the median system size, and for participants in the coastal climate zone.  Participants with 

third party-owned systems are more motivated by financial reasons and less motivated by 

environmental reasons than those who own their systems. 
  

Figure 11-2:  Primary Reason to Install PV (n=639)—Residential  
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An examination of these data by residential PV system size2 shows that participants‟ primary 

reason for installing a PV system is strongly influenced by financial reasons in all three size 

categories (see Figure 11-3).  As PV system size increases, financial reasons become more 

important and concern for the environment becomes less important. 

 

Figure 11-3:  Primary Reason to Install by PV System Size—Residential 
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2  Size category cutoffs reflect the 25

th
 and 75

th
 percentiles of the distribution of installed capacity within the 

phone survey sample. 
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An examination of these data by Program Administrator (PA) shows that participants in 

SCE‟s territory were more likely to install for financial reasons and less likely to install for 

environmental reasons than participants in PG&E‟s territory.  As shown in Figure 11-4, 

CCSE participants were in the middle for both reasons. 

 

Figure 11-4:  Primary Reason to Install by PA—Residential 
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Participants in the different climate zones also reported different primary reasons to install.  

Inland participants were more likely to install for financial rather than environmental reasons.  

In contrast, coastal participants were equally likely to install for financial and environmental 

reasons, as illustrated in Figure 11-5. 

 

Figure 11-5:  Primary Reason to Install by Climate Zone—Residential 
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Participants with third party-owned systems (either through a lease or PPA) are heavily 

financially motivated.  As compared to participants who own their systems, these participants 

are more likely to install for financial reasons and less likely to install out of concern for the 

environment.  None of the respondents with third party-owned systems report installing PV 

primarily because of the CSI rebates (see Figure 11-6).  However, the CSI rebate is implicit 

in the financial equation. 

 

Figure 11-6:  Primary Reason to Install by Ownership—Residential 
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Factors Influencing Decision to Install PV System 

In addition to asking participants to provide the primary reason they decided to install a solar 

PV system, the phone survey also asked participants to rate how important specific factors 

were on their decision on a 0 to 10 scale.  The survey included a list of these eight factors:  

 

 Reduce energy bills  

 Payback on investment 

 Concerns regarding environmental damage  

 Concerns regarding global warming 

 Reduce U.S. dependence on foreign oil  

 Promote/test new technology  
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 Independence from utility  

 Reliability of my electric supply 

 

Participants‟ answers to these questions are consistent with their primary reasons to install 

solar PV.  Overall, financial reasons are the most important.  Environmental concerns are 

also important factors.  When asked to provide the primary reason to install as an open-ended 

question, participants did not volunteer reducing U.S. dependence on foreign oil; however, 

when asked to specifically rate its importance, it is the second most important factor, as 

Figure 11-7 shows.  

 

Figure 11-7:  Mean Importance of Factors to Install (n=639)—Residential 
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Similar to the above analysis, as system size increases, financial reasons become more 

important and environmental reasons become less important.  Financial factors are less 

important to coastal than inland participants, and environmental factors are more important.  

Financial factors are also more important to participants with third party-owned systems than 

to those who own their systems. 

 

Participants did not volunteer independence from the utilities and reliability of one‟s 

electricity supply as primary reasons to install systems (see Figure 11-2), but the survey 

questions that asked participants to explicitly rate these factors captured their importance.   
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In general, independence and reliability act similarly to the financial factors.  The more 

important these factors are, the more likely participants will install a larger system.  These 

factors are more important to inland participants than coastal participants.  These factors are 

also more important to participants whose systems are owned by third parties than to those 

who own their systems. 

 

Factors Influencing System Size 

This section also explores the factors that affect the size of the systems participants installed.  

Contractor recommendations and the participants‟ consumption at the time of installation are 

the most important factors..  Site restrictions are the most important secondary factor.  

 

The phone survey asked participants what factors ultimately influenced the size of their 

system.  As Figure 11-8 shows, contractor recommendations and current consumption at the 

time of the installation are the most important factors.  These findings are consistent with the 

ODC CSI Process Evaluation Report that reported, “…most participants worked with the 

contractors to install a system that would get them as close to „zeroing out‟ their electric bills 

as possible.”3 

 

Figure 11-8:  Influences on System Size—Residential 
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3  http://www.cpuc.ca.gov/PUC/energy/Solar/CSI+Process+-+Evaluation+Early+Findings.htm, p. 9. 

http://www.cpuc.ca.gov/PUC/energy/Solar/CSI+Process+-+Evaluation+Early+Findings.htm
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The ultimate factor affecting system size does change somewhat depending on the size of the 

PV system installed, as illustrated in Table 11-1.  As system size increases, current 

consumption and saving on one‟s energy bill become more important.  This may reflect a 

desire to “zero out” the energy bill.  As system size increases, budget considerations become 

less important.  This suggests that availability of funding may have led to smaller systems for 

some participants. 

 

Table 11-1:  Ultimate Factor Influencing Size by Size—Residential 

Factor Influencing Size 

0-3 kW 

(n=174) 

3-5.5 kW 

(n=307) 

Over  

5.5 kW 

(n=158) 

Size Estimated/Recommended by Contractor 42% 43% 43% 

Current Consumption at Time of Installation 34% 36% 40% 

Cost vs. Available Capital/Budget Considerations 17% 12% 8% 

Area Available for Installation 13% 15% 12% 

Save on Energy Bill 5% 9% 12% 

Energy Efficiency Investments 1% 1% 2% 

Plans for Additional Appliances/Equipment 0% 0% 0% 

Other 10% 12% 8% 

 

The phone survey also asked participants what other factors affected the size of their system.  

Table 11-2 shows that the area available for installation is the dominant secondary factor.  

Combined with contractor recommendations and current usage as the most important 

influences on system size, this pattern suggests that participants work with their contractor to 

determine the size of system they need to match their current consumption.  After this 

decision point, they then install this size system if they have enough roof area to do so.   

 

Table 11-2:  Other Factors Influencing Size by Size—Residential 

Factor Influencing Size 

0-3 kW 

(n=174

) 

3-5.5 kW 

(n=307) 

Over  

5.5 kW 

(n=158) 

Total 

(n=639

) 

Area Available for Installation 41% 43% 47% 43% 

Current Consumption at Time of Install 15% 16% 15% 16% 

Save on Energy Bill 15% 15% 13% 14% 

Cost vs. Available Capital/Budget Considerations 13% 9% 10% 10% 

Size Estimated/Recommended by Contractor 9% 9% 10% 9% 

Energy Efficiency Investments 4% 6% 5% 5% 

Plans for Additional Appliances/Equipment 6% 3% 5% 4% 

Other 4% 3% 0% 3% 

 

Approximately 43 percent of the participants reported that available area was an important 

secondary factor that affected their system size.  This could mean that almost half of the 
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participants could not install a system that would fully offset their consumption because of 

site restrictions.  This was confirmed in our billing analysis in Section 7 that participants with 

larger electricity usage could not zero out their utility usage with their PV generation.  Such 

sites may be opportunities to encourage deep energy efficiency retrofits in order to help bring 

consumption down to levels that match the system sizes that participants‟ sites will allow. 

 

Participant Satisfaction—Residential Market 

To explore areas where the program could possibly improve, the phone survey asked 

participants how satisfied they were with the program, contractors, and their systems.  All 

satisfaction questions used a 0 to 10 scale. 

 

Overall, satisfaction with the program, contractors, and systems is very high.  Average 

satisfaction with the CSI Program is 8.0.  Average satisfaction with contractors is 9.1.  

Average satisfaction with system size and system performance is 8.8 and 9.1, respectively.  

There are no substantial differences based on PA, system size, climate zone, or system 

ownership, as shown in Table 11-3. 

 

Table 11-3:  Satisfaction with Program Elements (0-10 Scale)—Residential 

Element 

Total 

(n=639) 

Program Administrator Climate Zone  

PG&E 

(n=300) 

SCE 

(n=198) 

CCSE 

(n=123) 

Coastal 

(n=308) 

Inland 

(n=310) 

CSI Program 8.0 7.9 8.1 8.0 8.0 8.0 

Contractor 9.1 9.1 9.1 9.1 9.2 9.0 

System Size 8.8 8.8 8.8 8.7 8.8 8.8 

System Performance 9.1 9.2 9.2 8.8 9.1 9.2 

Element 

Size Ownership 

0-3 kW 

(n=168) 

3-5.5 kW 

(n=300) 

Over 5.5 kW 

(n=154) 

Host Owned 

(n=544) 

Third Party 

(n=78) 

CSI Program 8.0 8.0 8.0 8.0 8.0 

Contractor 9.0 9.1 9.3 9.1 9.1 

System Size 8.4 8.9 8.9 8.8 9.0 

System Performance 9.0 9.2 9.1 9.1 9.3 
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Table 11-4 below summarizes the reasons offered by customers for their satisfaction with the 

CSI Program.  Customers expressing dissatisfaction (rating of 0 to 3) or high levels of 

satisfaction (rating of 7 to 10) were asked to provide reasons for their rating.4  The last row 

(labeled “N”) shows the number of respondents that provided a score within the category.  

Categories are designated in the top row (“not satisfied”, “very satisfied” or “all”).  The 

percentages in each column reflect the response distribution within the category.   

 

The most common reasons cited for satisfaction with the program are the incentives (26 

percent) and that it was easy to participate in the program (14 percent).  Customer sentiment 

about the program was highly positive.  One customer calls out CSI as one of the best 

programs around:  
  

“I think (that) of all the rebate programs, the CSI is one of the best …  I like it 

because there are options for both a rebate upfront (…or…) a performance based 

incentive.” 

Others expressed appreciation for the smooth operation of the program: 
  

“They were prompt.  They sent the letter saying what they were going to do.  They 

paid what they said they were going pay.  I can't ask for much more than that.” 

                                                 
4  Moderately satisfied customers (rating of 4 to 6) were not prompted for reasons to manage survey length. 



2009 CSI Impact Evaluation 

CSI Awareness, Participant Motivation, and Satisfaction 11-13 

Table 11-4:  Reasons for Satisfaction with CSI Program—Residential 

Response Category 

Not 

Satisfied 

(0-3) 

Very 

Satisfied  

(7-10) 

All 

Respondents 

Mean Satisfaction Score 1.8 8.9 8.0 

Positive Responses 

Liked the Incentive   33.8% 26.2% 

It was easy / Worked well   18.4% 14.3% 

Cut down on energy usage/electric bills (from   7.3% 5.7% 

Liked that it was Green   3.3% 2.6% 

The program had good intentions   2.2% 1.7% 

Liked the Audit/Energy Saving Tips   1.0% 0.7% 

Negative Responses 

Wanted to get paid for excess generation 20.6% 1.2% 1.7% 

The program should be advertised more/explained more 19.5% 0.9% 1.5% 

Wanted higher incentives 19.5% 6.1% 5.5% 

Too much red tape/paperwork/regulations 15.9% 2.2% 2.4% 

Is not seeing savings promised 5.0% 0.9% 0.9% 

Thinks contractors are overcharging/other problems with 

contractor 0.8% 0.6% 0.5% 

Neutral Responses 

Other 11.6% 8.0% 6.6% 

No response 7.2% 14.0% 29.6% 

Total 100% 100% 100% 

N 28 501 639 
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Table 11-5 below summarizes the reasons offered by customers for their satisfaction with PV 

system performance.  The most common reasons cited for satisfaction with system 

performance are that participants are seeing the performance they wanted or expected (51 

percent) and that the system is reducing their energy bill (21 percent).  The following quotes 

illustrate the sentiment well.  One customer states, 
  

“I think it’s doing an excellent job even on cloudy and overcast days we are saving 

energy.”[sic] 

Another simply says, 
  

“It does everything they said it would do.” 

Table 11-5:  Reasons for Satisfaction with System Performance—Residential  

Response Category 

Not 

Satisfied 

(0-3) 

Very 

Satisfied  

(7-10) 

All 

Respondents 

Mean Satisfaction Score 2.2 9.3 9.1 

Positive Responses 

Seeing promised/desired performance   55.3% 51.0% 

Lowered bills   22.6% 20.9% 

Likes the 'green' impact of the panels   1.3% 1.2% 

Likes the readout the inverter/meting system provides   0.3% 0.3% 

Negative Responses 

Didn't live up to performance promised/desired 62.5% 6.8% 6.8% 

Has maintenance problems/failing inverters or panels 37.5% 1.3% 1.1% 

Doesn't like washing panels   1.2% 1.5% 

Installed incorrectly/has maintenance problems   0.8% 0.7% 

Dissatisfied with upfront cost/rebates   0.8% 0.7% 

Neutral Responses 

Other   4.5% 4.1% 

No Response 0.0% 5.2% 11.7% 

Total 100% 100% 100% 

N 4 595 639 

 



2009 CSI Impact Evaluation 

CSI Awareness, Participant Motivation, and Satisfaction 11-15 

Nonparticipant Program Awareness—Residential Sector 

The residential nonparticipant phone survey explored whether nonparticipants were aware of 

the program.  If they were, it asked whether they had considered installing a PV system.  If 

they had not considered a PV system, the survey asked them why not.  If they had considered 

a PV system, the survey asked them why they decided not to install one.  

 

Overall, about two-thirds (64 percent) of nonparticipants are aware of the CSI program.  The 

evaluation team examined awareness by PA, income, and climate zone.  Awareness of the 

CSI program increases with income.  Differences for location and PA are minor, as Figure 

11-9 illustrates.  As shown in Figure 11-1 earlier, the most common source of information for 

nonparticipants are traditional marketing channels such as TV, radio, and internet ads. 

 

Figure 11-9:  Nonparticipant Awareness of Program—Residential 
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Nonparticipant Propensity to Consider Solar and Reasons for Not Installing 

The survey asked residential nonparticipants whether they had ever considered installing 

solar panels on their homes; over half (58 percent) of nonparticipants say they had.  There are 

few differences between nonparticipants based on PAs or climate zone.  As income 

increased, so did the percent of respondents who had considered installing solar panels.  

Considering the high initial cost of entry for PV systems, this finding is not surprising.  There 

was however one exception to the effect of income.  Nonparticipants in the highest income 

bracket are about as likely as those in the lowest income bracket to have considered installing 

solar panels on their home (Table 11-6). 

 

Table 11-6:  Nonparticipants Who Considered Installing—Residential  

Ever Considered PV 

System 

Total 

(n=601) 

Program Administrator 

PG&E (n=387) SCE (n=145) CCSE (n=69) 

Yes 58% 62% 52% 51% 

No 42% 38% 48% 49% 

Ever Considered PV 

System 

Household Income 

Less than 

$35,000 

(n=65) 

 $35,000 

to $71,000 

(n=109) 

 $72,000 

to 

$141,000 

(n=172) 

$142,000 

to 

$248,000 

(n=71) 

$248,000 

to 

$318,000 

(n=13) 

Over 

$318,000 

(n=15) 

Yes 48% 49% 67% 73% 93% 56% 

No 52% 51% 33% 27% 7% 44% 
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The phone survey asked nonparticipants who had not considered a PV system why they had 

not.  The question was open-ended, and respondents were not constrained to a single 

response.  The primary reason provided for not considering a PV system was the initial cost.  

As expected, cost is a greater factor for participants with lower incomes than for those with 

higher incomes.  The increase in third party-ownership models, such as PPAs and leases, and 

other financing opportunities, such as local Property Assessed Clean Energy (PACE) 

programs, are expanding to address this barrier.   

 

The other factor commonly cited is that nonparticipants did not think they needed the PV 

system or did not think it would work, as shown in Table 11-7.  This finding (31 percent) 

illustrates that the CSI program has an opportunity to transition from the knowledgeable PV 

enthusiast and early PV adopters to the late PV adopters (mainstream consumers).  Increased 

education and awareness through traditional marketing channels may address this barrier.  

Doubt about PV systems is especially high for nonparticipants in the highest income bracket.  

Indeed, doubt rather than financial reasons appears to be the reason why these 

nonparticipants did not consider a PV system.  

 

Table 11-7:  Reasons for Not Considering Solar—Residential 

Reason 

Total 

(n=258) 

Program Administrator 

PG&E (n=152) SCE (n=72) CCSE (n=34) 

Cost/Initial Investment 55% 51% 64% 54% 

Don't Need it/ Don't think it will 

work 31% 37% 23% 24% 

Other 27% 23% 31% 39% 

Reason 

Household Income 

Less 

than 

$35,000 

(n=31) 

$35,000 

to 

$71,000 

(n=52) 

$72,000 

to 

$141,000 

(n=117) 

$142,000 

to 

$248,000 

(n=51) 

$248,000 

to 

$318,000 

(n=12) 

Over 

$318,000

0 (n=9) 

Cost/Initial Investment 76% 56% 62% 59% 0% 0% 

Don't Need it/ Don't think it will 

work 21% 40% 21% 42% 0% 72% 

Other 8% 23% 32% 19% 100% 42% 
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The phone survey asked nonparticipants who had considered installing a PV system why 

they opted not to install one.  Overall, about half of the residential nonparticipants considered 

PV systems.  Cost is the most important reason why nonparticipants chose not to install a 

system (71 percent) and is a bigger factor for households with lower incomes, as Table 11-8 

shows.  Not enough savings is the next most commonly cited reason (13 percent) for not 

installing a system.  Interestingly, as income increases, concern regarding not enough savings 

becomes more important.   

 

As income increases, size restrictions due to available space increases in importance.  This 

suggests that households with higher incomes who likely could afford PV systems are not 

purchasing them because they believe a system that does not offset the whole load is not 

worthwhile.  These households might not be able to zero out their utility energy usage, but it 

is likely that they could still generate a substantial amount of their household energy needs 

through the PV system.  

 

Table 11-8:  Reasons for Not Installing System after Considering—Residential 

Reason 

Total 

(n=343) 

Program Administrator 

PG&E (n=235) SCE (n=73) CCSE (n=35) 

Cost 71% 69% 75% 84% 

Not Enough Savings 13% 15% 9% 7% 

Size Space Limits 8% 8% 8% 5% 

Waiting 7% 7% 6% 5% 

Other 13% 13% 15% 11% 

Reason 

Household Income 

Less than 

$35,000 

(n=31) 

$35,000 to 

$71,000 

(n=52) 

$72,000 to 

$141,000 

(n=117) 

$142,000 

to 

$248,000 

(n=51) 

$248,000 

to 

$318,000 

(n=12) 

Over 

$318,000 

(n=9) 

Cost 87% 69% 73% 70% 62% 54% 

Not Enough Savings 4% 9% 12% 12% 20% 22% 

Size Space Limits 0% 3% 7% 12% 14% 23% 

Waiting 9% 5% 7% 16% 0% 0% 

Other 15% 19% 13% 16% 14% 10% 

 

Conclusions 

For residential participants, financial factors are the most important reasons to install PV.  

Environmental reasons are also important, especially to coastal participants.  For 

nonparticipants, financial factors are the most important reason to not install.  Doubt over 

need or practicality of the systems is also an important reason to the nonparticipants.  These 

patterns suggest that the program has not yet reached the critical awareness level needed to 

attract and educate late adopters.  This appears particularly true of lower income households. 
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Available area was an important factor for participant system size.  About 43 percent of the 

participants say that available area was an important consideration in their selection, 

suggesting that these participants cannot generate enough electricity to fully offset their 

usage load.  Available area was also an important reason why residential nonparticipants did 

not install, particularly to those with higher incomes.  Again, the issue is likely an inability to 

zero out one‟s electricity bill.  

 

 

11.3  Nonresidential Market 

Sources of Program Awareness 

As shown in Figure 11-10 below, 42 percent of the nonresidential participants became aware 

of the CSI Program primarily through their contractor, while nonparticipants became aware 

through news media, such as television, printed media, or the internet.  Utilities play a 

relatively small role in program awareness for both participants and nonparticipants.  These 

findings are similar to the residential sector discussed above.  Thirty-eight percent of 

nonparticipants have not heard of the CSI program.   

 

Figure 11-10:  Sources of Program Awareness—Nonresidential  
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There are no substantial differences in the sources of program awareness across different PV 

system ownership structures.  Figure 11-11 below lists the ways that participants became 

aware of the program segmented by the ownership structure of the system—whether the 

system is host- or third party-owned.  Customers with third party-owned systems are slightly 

more likely to have learned of the program through a contractor, or through their utility, 

relative to host-owned systems.  However, differences are small, especially in light of the 

relatively small sample of third party-owned systems.  It appears that third party-owned 

systems are recruited through avenues very similar to those of a host-owned system. 

 

Figure 11-11:  Sources of Awareness by Ownership Structure—Nonresidential 
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Primary Reasons for Installing PV System 

Phone survey questions prompted participants for the primary reason behind their decision to 

install a PV system through the CSI program.  Figure 11-12 below summarizes participant 

responses.  The most commonly cited reason for participation is financial, with 39 percent of 

respondents citing this as the primary motivating factor.  Concern for the environment is also 

a critical factor (26 percent).  The more general comment, “to save energy” invokes both 

financial criteria and the convention of conservation.  The CSI rebate is cited by only 5 

percent, but this is consistent with expectations given the question phrasing (see Appendix B 

for a copy of the survey questions). 

 

Figure 11-12:  Reasons for Installing Solar Panels (n=420)—Nonresidential  

39%

26%

19%

5% 5%

3% 2%

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

Financial Reasons Concern for the 
Environment

Save Energy Other CSI Rebate LEED 
certification/ 

energy policy

To Educate or 
Inform Others

 
 



2009 CSI Impact Evaluation 

11-22 CSI Awareness, Participant Motivation, and Satisfaction 

Figure 11-13 below draws comparisons of the most often cited reasons for installing a PV 

system across business types.  Again, financial reasons are more common than environmental 

reasons across all categories.  The difference is most dramatic  for the industrial and 

agriculture segment, where financial reasons are cited twice as often as environmental.  

Schools are a special case, with 20 percent citing community leadership as the primary 

reason.  Schools are the only business activity category for which non-financial reasons 

outweigh financial reasons. 

 

Figure 11-13:  Top Reasons for Installing PV System, by Business Activity—
Nonresidential 
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The top reasons for installing solar have little variation by system size category.  Systems 

over 10 kW are somewhat more likely to be motivated by financial interests than systems 

under 10 kW, and slightly less likely to mention environmental concerns.  The same pattern 

is found in residential data, but the trend is more pronounced in the residential market.   

 

Energy use intensity and system size are related to the burden of energy costs at the site and 

the relative importance of the financial advantages of PV in the decision to install.  

Residential customers have more flexibility to spend „discretionary‟ funds to benefit the 

environment, while businesses are bound by competition to attend to the bottom line. 
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Examination of the top reasons for installing solar by ownership structure indicate there is no 

meaningful difference between third party-owned systems and host-owned systems.  

 

Factors Influencing Decision to Install System 

In addition to asking participants to provide the primary reason they decided to install their 

system, the phone survey also asked participants to rate how important some specific factors 

were on their decision to install solar panels on a 0 to 10 scale.  The survey included the 

following five factors:  
  

 Concern over rising energy prices 

 Payback on investment 

 Concerns regarding environmental damage  

 Concerns regarding global warming 

 Reduce U.S. dependence on foreign oil  
  

As shown in Figure 11-14, participants‟ answers to these questions are consistent with their 

primary reasons to install systems.  Concerns over rising energy prices top the list at 8.1, and 

investment payback is not far behind at 7.8. 
  

Figure 11-14:  Importance of Factors on Installation Decision (n=420)—
Nonresidential 
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When asked in an open-ended fashion what prompted the decision to install, almost no 

respondents offered „reducing U.S. dependence of foreign oil‟ as a reason.  However, when 

prompted with this reason and asked to rank its importance, participants rate it slightly higher 

than concerns about the environment, 7.6 versus 7.5 respectively.  Global warming lags all 

other factors, at 7.0.   

 

Figure 11-15 below compares the importance of factors influencing participation across the 

inland and coastal climate zones.  Mirroring the residential findings there is clearly a 

differentiation in these data by climate zone.  Inland participants are more focused on 

financial criteria and coastal participants place greater importance on environmental factors 

in the decision to install a solar PV system.   

 

Figure 11-15:  Importance of Factors by Region—Nonresidential 
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When the importance of these factors is examined by system size, the pattern of larger 

systems more closely associated with financial criteria repeats.  Similar patterns are found in 

the residential data.  As discussed above, greater emphasis on financial factors is driven by 

higher energy use intensity, which is linked to system size.  Differences are minor in the 

nonresidential sector and more pronounced in the residential sector due to the more pervasive 

presumed obligation of business owners to attend to the bottom line.  
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Patterns in the importance ratings were also examined by ownership structure (third party-

owned versus host-owned).  Unlike residential, where there is slightly more emphasis on 

financial factors from hosts of third party-owned systems, the opposite is true for 

nonresidential.  This may be a secondary effect of the clustering of third party ownership 

among schools, which is the singular business category decidedly more focused on non-

financial factors..   

 

Participant Satisfaction—Nonresidential  

Participant satisfaction levels relate directly to the continuing success and growth of the 

program and the industry.  In this way, satisfaction is an important metric of industry 

sustainability.  Using the 0 to 10 scale, phone survey respondents reported their level of 

satisfaction with the CSI program, solar contractors, and their PV systems.   

 

Table 11-9 below summarizes overall nonresidential satisfaction levels for each key 

component investigated, as well as average satisfaction ranking under various segmentation 

schemes.  Overall, satisfaction with the program, contractors, and systems is very high, 

ranging from 7.8 for the CSI program to 9.0 for system performance.  

 

Owners of larger systems provide somewhat higher satisfaction rankings with their 

contractor and system size.  CCSE service territory has higher satisfaction scores for all but 

the system size category, but also has a relatively small sample size.  There are no other 

notable differences in satisfaction based on PA, system size, climate zone, or system 

ownership.  
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Table 11-9:  Satisfaction with Program Elements (0 to 10 Scale)—
Nonresidential  

Element Overall 

Program Administrator Ownership 

PG&E 

(n=299) 

SCE 

(n=82) 

CCSE 

(n=29) 

Host 

Owned 

(n=339) 

Third 

Party 

(n=71) 

CSI Program 7.8 7.9 7.5 8.4 7.8 7.8 

Contractor 8.6 8.6 8.6 9.0 8.6 8.9 

System Size 8.5 8.6 8.3 8.4 8.5 8.6 

System Performance 9.0 9.0 8.8 9.6 9.0 8.9 

Element 

Size Climate Zone 

Under 10 

kW (n=141) 

10-100 kW 

(n=176) 

Over 100 

kW (n=91) 

Coastal 

(n=231) Inland (n=179) 

CSI Program 7.5 8.1 7.8 7.9 7.7 

Contractor 8.3 8.8 8.7 8.7 8.6 

System Size 8.3 8.6 8.7 8.4 8.7 

System Performance 9.0 9.0 8.9 9.0 9.0 

 

Table 11-10 presents a summary of the self-reported reasons for overall satisfaction with the 

CSI Program.  Overall, customers were satisfied with the program.  Eighty-two percent of 

program participants rated their satisfaction at a 7 or higher, and only four percent of 

participants gave a rating of 3 or below.  The bottom row (labeled „n‟) presents the number of 

respondents in each satisfaction category.  The percentages in each column relate the 

response distribution within the satisfaction category. 

 

Customers were asked to provide reasons for the satisfaction score they gave, and they were 

not limited to a single response, so the categories sum to more than 100 percent in some 

cases.  People who were satisfied with the program most often described it as 

straightforward, with ongoing savings in line with expectations.  According to one 

participant,  
  

“It’s an easy program to work with.”   

Others expressed appreciation for the performance-based incentive,  
  

“You guys are on track...People are rewarded for what they generate.  It's all up 

front and fair, set up reasonably.  Performance-based is the way to go.”   

Among the negative reasons provided for satisfaction scores, the most common were 

associated with the rebates declining over time or being lower than participants had 

anticipated.  In addition, some participants found the application process confusing or 

misleading.  A small proportion of respondents expressed a desire for more guidance and 
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follow-through to navigate the paperwork, the timing of rebates, and the method by which 

incentive levels were calculated. 

 

Table 11-10:  Reasons for Satisfaction with CSI Program—Nonresidential  

Response Category 

Not 

Satisfied 

(Score  

0-3) 

Somewhat 

Satisfied 

(Score  

4-6) 

Very 

Satisfied 

(Score  

7-10) All 

Mean Satisfaction Score 1.6 5.1 8.6 7.8 

Positive Responses 

Rebate offset capital cost, monthly bill -   -   25.1% 20.5% 

No problems, process went as expected -   8.6% 20.6% 18.0% 

Process was user friendly with quick response times -   -   8.4% 6.8% 

Environmentally wise -   1.7% 6.6% 5.6% 

Rebates enabled participation in the program -   -   5.1% 4.1% 

Substantial energy savings -   -   3.6% 2.9% 

Rebate payments have been prompt and easy -   -   2.4% 2.0% 

Program enabled installation of a larger system -   1.7% 1.2% 1.2% 

Problems resolved quickly -   1.7% 0.3% 0.5% 

Negative Responses 

Rebates are less than expected, declining 29.4% 22.4% 9.3% 12.0% 

Application process is confusing, complicated, and 

long 5.9% 19.0% 6.9% 8.5% 

Reports are confusing, timing of rebates unclear 23.5% 6.9% 3.6% 4.9% 

Excessive paperwork -   1.7% 5.4% 4.6% 

Rebates were delayed 17.6% 1.7% 3.3% 3.7% 

Utility is not paying fully for saved energy 5.9% 5.2% 1.5% 2.2% 

Energy savings lower than expected -   8.6% 0.3% 1.5% 

Confused about how incentive level is calculated -   3.4% 0.9% 1.2% 

Would like more contact and follow through with 

reps -   1.7% 0.9% 1.0% 

Program is less attractive as market price of 

electricity goes down -   -   0.6% 0.5% 

Neutral Responses 

Too soon to tell -   5.2% 0.6% 1.2% 

Other 29.4% 13.8% 8.4% 10.0% 

Total 111.7% 103.3% 115.0% 112.9% 

n 17  58  335  410  

 



2009 CSI Impact Evaluation 

11-28 CSI Awareness, Participant Motivation, and Satisfaction 

Customers were asked to rate their level of satisfaction with their solar panels, as well as to 

provide the reasons for their satisfaction level.  Participant responses are summarized in 

Table 11-11 below.  Customers were generally extremely satisfied with their system 

performance, with a mean satisfaction score of 9.0.  Ninety-five percent of participants gave 

a rating of 7 or higher.  Only four customers out of 390 survey respondents for this question 

gave a rating of 3 or below.   
  

Table 11-11:  Reasons for Satisfaction with PV System—Nonresidential 

Response Category 

Not 

Satisfied 

(Score 0-3) 

Somewhat 

Satisfied 

(Score 4-6) 

Very 

Satisfied 

(Score 7-10) 

All 

Respondents 

Mean Satisfaction Score 1.6 5.4 9.3 9.0 

Positive Responses 

Working efficiently, as expected, no issues, 

looks good, no upkeep 25.0% 11.8% 55.3% 53.1% 

Producing more power than expected -   -   11.7% 11.0% 

Significant electrical bill savings -   -   7.0% 6.7% 

It is satisfying to provide own power -   -   2.2% 2.1% 

Negative Responses 

Not producing as much power as expected 50.0% 23.5% 7.6% 8.7% 

Mechanical glitches/down time -   17.6% 4.1% 4.6% 

Payback is slower than expected -   -   0.3% 0.3% 

Neutral Responses 

Too soon to tell 25.0% 29.4% 3.3% 4.6% 

Other -   17.6% 8.7% 9.0% 

Total 100.0% 100.0% 100.0% 100.0% 

n 4  17  369  390  

 

Participants who were very satisfied generally said their PV systems were working 

efficiently, producing as much or more power than they had expected and yielding 

substantial and ongoing savings.  Some respondents spoke of the satisfaction of producing 

one‟s own power, the environmental benefits, or the attractive appearance of the panels.  One 

respondent said, 
  

“The bills show a wonderful drop.”  

According to another,  
  

“It's the one system that we've got that there's not really any upkeep.  It just sits 

there and makes you money.  We've had no trouble with it.”   

Twelve percent of those who gave a high satisfaction score nevertheless stated that their 

system was not producing as much power as they had expected or that mechanical problems 
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had led to down time and less power generation than they had anticipated.  Those who gave 

low satisfaction ratings cited similar reasons and stressed that their systems were producing 

less power than anticipated. 

 

Nonparticipant Program Awareness—Nonresidential  

The nonparticipant phone survey queried respondents regarding their awareness of the CSI 

program.  Respondents were also asked if they had considered installing a PV system, and if 

so, what had prevented them installing such a system up to this point.   

 

Nonparticipant CSI program awareness levels are shown in Figure 11-16 for the overall 

population, as well as by PA, business type, and climate zone.  Overall, 62 percent of 

nonparticipants are aware of the CSI program.  Awareness is moderately higher in the coastal 

region relative to inland, 66 versus 57 percent.  Awareness is also moderately higher among 

non-profit and government facilities (66 percent), as well as industrial and agriculture 

facilities (64 percent) relative to the „other‟ business type category (60 percent).  Awareness 

is a bit higher in CCSE (65 percent) and PG&E (63 percent) relative to SCE (59 percent) 

territory.   
  

Figure 11-16:  Nonparticipant Levels of CSI Program Awareness—
Nonresidential  
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Nonparticipant Propensity to Consider Solar and Reasons for Not Installing 

Figure 11-17 below presents the percent of nonparticipant respondents that have considered 

installing solar panels.  Overall, just under one-third of nonparticipants had considered 

installing solar panels prior to the interview.  Mirroring higher rates of program awareness, 

industrial and agriculture, as well as non-profit and government businesses were more likely 

to consider solar PV technology than other business categories.  Interestingly, the trends by 

climate zone and service territory in CSI program awareness are not born out in the 

likelihood of considering.  Inland and coastal rates are nearly identical, at 30 versus 32 

percent, respectively.  PG&E service territory has the highest rates of solar consideration, at 

just over one-third, while SCE and CCSE are lower at 24 and 19 percent, respectively.   

 

Overall, these findings indicate room for further development and growth in the solar PV 

market, as customers move from awareness to consideration. 

 

Figure 11-17:  Nonparticipants Considering Installation of Solar—
Nonresidential 
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Nonparticipants aware of the CSI program that have also considered installing a PV system 

were asked why they had elected not to install a PV system.  Figure 11-18 summarizes 

nonparticipants‟ reasons for not installing a PV system to date.  The majority of respondents 

(76 percent) cited initial costs as the reason for not installing solar.  Ten percent cited 

payback time, a feature directly related to initial costs.  These responses underscore the 

importance of addressing the financial barriers to solar through incentives and financing 

options. 

 

Figure 11-18:  Nonparticipants, Reasons for Not Installing Solar—
Nonresidential 
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Conclusions 

Similar to the residential sector, nonresidential participants‟ primary means of program 

awareness was through their contractors or traditional marketing vectors.  Financial benefit 

was the primary reason for installing a PV system, though environmental concerns were also 

important.  Participants with larger systems, inland participants, and industrial and 

agriculture business were most heavily focused on financial aspects; schools and coastal 

facilities give substantial weight to both financial and environmental factors.   

 

Satisfaction with key program elements and the performance of the solar panels was very 

high, and did not vary substantially by important subsegments of the participant population, 

such as business type (for nonresidential), PA, region, or system size.   

 

A little more than 60 percent of the nonparticipants reported awareness of the CSI program, 

and about half had considered installing solar panels on their facility.  The primary reason for 

not installing panels was the initial costs. 
  
 

11.4  Installation Contractors—Market Growth and Outlook 

This subsection presents data collected during interviews with PV system installation 

contractors active in the CSI program that relate to experiences and perceptions of industry 

growth and the role of the CSI program. 

 

As detailed in Section 4, surveys were conducted with 50 installation contractors active in the 

CSI program.  While there are more than 1,400 such active contractors, CSI program jobs 

and installed capacity are concentrated in the top 74 firms.  These top firms account for 80 

percent of the program installed capacity, and are referred to as “high volume contractors” in 

the tables that follow; contractors less dominant in the field are referred to as “general 

contractors.”   

 



2009 CSI Impact Evaluation 

CSI Awareness, Participant Motivation, and Satisfaction 11-33 

Business Outlook 

PV installation contractors were asked to comment on their business outlook over the next 

three years.  Table 11-12 below shows distribution of contractors‟ general business outlook 

and their related comments.  The results are quite striking, with nearly 80 percent of the 

contractors reporting a positive business outlook, and only 4 percent expressing a negative 

outlook.  General contractors are not quite as positive as high volume contractors, with 60 

percent reporting a positive outlook.   
  

Table 11-12:  Solar Contractors’ Three-Year Business Outlook 

Category 

Contractor Three Year Business Outlook 

Positive Negative Neutral DK 

All Surveyed Contractors 78% 4% 14% 4% 

High Volume Contractors 86% 3% 9% 3% 

General Contractors 60% 7% 27% 7% 

Reasons for Business Outlook 

Market is growing for solar 20% 0.0% 0% - 

The incentives 16% 0.0% 0% - 

Our own business practices - advertising/sales 12% 0.0% 0% - 

New incentive/financing programs aside from CSI 10% 0.0% 0% - 

Continuation of current trends 8% 0.0% 2% - 

Energy efficiency / Environmental concerns 4% 0.0% 0% - 

The economy is improving 4% 0.0% 2% - 

Growing competition 2% 0.0% 2% - 

Decline in available financing 0% 2.0% 6% - 

Economy and housing mkt. declining 0% 0.0% 2% - 

Other/Don't know 2% 2.0% 0% - 

n 39 2 7 2 

 

The reasons offered for having a positive outlook are led by a growing market for solar (20 

percent) and the continued availability of incentives and financing options.  Sixteen percent 

mentioned incentives, and another 10 percent mentioned the advent of new programs, 

including some that offer financing options for customers.  Others cite their own business 

practices, general concern for the environment, and an improving economy.   

 

Some illustrative comments made by contractors with a positive outlook include: 
  

“People seem to be giving us more business all the time; people are hearing more 

about solar and prices of materials are dropping.” 

“Market trends and the analysis of experts suggest that we should see a rise within 

this year and surpass Germany in the world market.” 

“We are in a trend line of growth.  Module prices are reducing and there is mass 

market acceptance, (regulatory) support, and financing.” 
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“The (tax) credit.  Markets are improving.  People in the commercial sector are 

realizing the public relations benefit.  The future is renewable energy.” 

“Aside from CSI there are local programs and a solar thermal incentive coming; 

…and others that will help grow the industry.” 

“Finance programs really help; we are putting together our own finance 

programs, and learning how to provide financing for our customers;  

  
Changes in Firm Size 

Table 11-13 below shows installation contractor company growth—in terms of FTE—over 

the past 12 months and expected growth over the next 12 months.   

 

Table 11-13:  Changes in Firm Size in FTE, Past 12 Months, and Expected 
Changes over the Next 12 Months—Solar Contractors 

Description Change Description 

Percent of Contractors Surveyed 

Total 

High Volume 

Contractors 

General 

Contractors 

Prospective/ 

Next 12 Months 

Grow 76% 83% 60% 

Shrink 2% 0% 7% 

Stay the Same 8% 6% 13% 

Don't know 10% 11% 7% 

Retrospective/ 

Past 12 Months 

Grew 46% 57% 20% 

Shrank 28% 29% 27% 

Stayed the Same 22% 9% 53% 

Don't know 4% 6% 0% 

 n 50 35 15 

 

The data suggest that PV installation business is picking up in 2010.  Over the past 12 

months, the experience was somewhat mixed and volatile, with nearly 30 percent of the 

surveyed firms showing a contraction in full-time-equivalent employment, but 46 percent 

experiencing growth.  High volume contractors fared better over the past 12 months, with 57 

percent experiencing growth versus only 20 percent of the general contractors.  Expected 

changes over the next 12 months are overwhelmingly positive, with three-quarters of firms 

expecting growth in FTE, and only 2 percent expecting to downsize.   

 

Table 11-14 below shows the percent change in full-time-equivalent (FTE) staff experienced 

over the past 12 months and expected over the next 12 months.  Overall, the CSI program 

grew by 55 percent year over year from 2008 to 2009, and this growth is observed with the 

majority growing their FTEs in the past 12 months by an average of 28 percent.  However, 

some firms experiencing cutbacks over the past 12 months reduced their FTEs substantially, 

possibly reflecting their own difficult economic conditions.  Expectations for future growth 
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are more optimistic.  Among the surveyed contractors that expect growth, the average 

expected increase in FTE is nearly 60 percent. 

 

Table 11-14:  Percent Changes in Firm FTE, Past 12 Months and Expected 
Changes over the Next 12 Months—Solar Contractors 

Description 

Change 

Description 

Total 

High Volume 

Contractors 

General 

Contractors 

Change in 

FTE N 

Change 

in FTE N 

Change 

in FTE N 

Prospective/ 

Next 12 Months 
Grow 59% 37 33% 28 140% 9 

Shrink 100% 1   0 100% 1 

Retrospective/ 

Past 12 Months 
Grew 28% 23 29% 20 23% 3 

Shrank 46% 14 39% 10 65% 4 

 

Table 11-15 below shows the changes in firm size segmented by the number of years the 

firms have been in operation.  The data show that outlook is generally the same across the 

categories, but that more recently established firms in this sample fared noticeably better over 

the past year than established firms, with less than 10 percent experiencing contraction versus 

nearly one-third of the more established firms.  It is interesting that the firm size is very 

stable across the years of operation (~30 FTE), with the exception of the very established 

firms, which tend be smaller than the others (17 FTE). 

 

Table 11-15:  Changes in Firm Size in FTE, Past 12 Months and Expected 
Changes over the Next 12 Months, by Age of Firm—Solar Contractors 

Change in FTE 

Years of Firm Operation 

1 to 5 years 6 to 10 years 11 to 25 years 26 + years 

Expected Directional Changes in FTE over Next 12 Months 

Shrink 0% 0% 13% 0% 

Grow 89% 75% 88% 79% 

Stay the Same 11% 6% 0% 14% 

Don't know 0% 19% 0% 7% 

n 9 16 8 14 

Directional Changes Over Past 12 Months 

Shrank 9% 31% 44% 31% 

Grew 55% 44% 44% 46% 

Stayed the Same 36% 19% 11% 23% 

Don't know 0% 6% 0% 0% 

n 11 16 9 13 

Average FTE 30 29 32 17 
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Customer Satisfaction with Installation Contractor 

CSI participants were asked to comment on their satisfaction with the performance of the 

solar contractor.  Table 11-16 presents the results.  Ninety-three percent of respondents 

provided a rating of 7 to 10 on a 10-point scale, and most of these were in the upper end of 

this range.  The most common reasons cited for satisfaction with contractors are that the 

contractors were knowledgeable (34 percent) and provided good customer service.  The 

following comment illustrates this sentiment:  
  

“The  (contractors) were very good.  They explained everything, and they're good 

at answering questions.”   

Other common reasons include that the system works well (27 percent), and that they 

finished the installation quickly (18 percent).  For example, one customer states, 
  

“Everything worked out as it should; quick, clean installation; system performed 

as promised.” 

There were very few unsatisfied customers (2 percent), and negative comments were 

generally related to poor customer service (50 percent). 

 

Table 11-16:  Reasons for Satisfaction with Solar Contractor—Residential 
Customers  

Response Category 

Not 

Satisfied 

(0-3) 

Very 

Satisfied  

(7-10) 

All 

Respondents 

Mean Satisfaction Score 2.8 9.4 9.1 

Positive Responses 

Professional/knowledgeable /customer service   36.0% 33.5% 

Installed everything correctly/works great 27.3% 27.7% 26.2% 

Quick installation/on time   19.4% 18.0% 

Good price   0.6% 0.5% 

Negative Responses 

Installed incorrectly/has maintenance problems 4.6% 4.0% 3.8% 

Poor customer service/unprofessional 50.4% 2.4% 3.1% 

Slow installation/not on time 9.0% 2.2% 2.2% 

Contractors did not clean up after themselves  0.4% 0.3% 

Neutral Responses 

Installed it themselves, did not use a professional contract   1.1% 1.0% 

Other 8.6% 1.7% 1.7% 

No Response 0.0% 4.6% 9.7% 

Total 100% 100% 100% 

N 13 594 639 
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Table 11-17 below summarizes nonresidential customer self-reported reasons for satisfaction 

with their solar installation contractor performance.  Nonresidential customers expressed a 

high level of satisfaction as well with their solar installation contractor.  Ninety-one percent 

of program participants rated their satisfaction with their installation contractor a 7 or higher 

and just four percent of participants gave a rating of 3 or below.   

 

Table 11-17:  Reasons for Satisfaction with Solar Contractor—Nonresidential 
Customers 

Response Category 

Not 

Satisfied 

(Score 0-3) 

Somewhat 

Satisfied 

(Score 4-6) 

Very 

Satisfied 

(Score 7-10) All  

Mean Satisfaction Score 1.6 5.0 9.1 8.6 

Positive Responses 

Did a good job.  Good quality, well managed 6.7% -   49.7% 45.6% 

Took as long as expected 13.3% -   19.3% 18.1% 

Responsive, helpful -   -   13.4% 12.2% 

Early problems resolved -   -   12.2% 11.1% 

Stayed within budget -   -   4.3% 3.9% 

Helped with paperwork / application process -   -   3.7% 3.4% 

Cleaned up after work completed -   -   1.7% 1.6% 

Negative Responses 

Delays in installation 26.7% 31.6% 8.8% 10.6% 

Problems with equipment/wiring/roof leaks 6.7% 36.8% 3.1% 4.9% 

Inadequate explanation of rebates/ 

unrealized expectations 26.7% 10.5% 1.1% 2.6% 

Lack of follow-up 13.3% 10.5% 0.6% 1.6% 

Hidden fees -   -   0.9% 0.8% 

Neutral Responses 

Self Installed -   -   1.4% 1.3% 

Too soon to tell -   -   1.1% 1.0% 

Other 20.0% 15.8% 4.3% 5.4% 

Total 113.4% 105.2% 125.6% 124.1% 

n 15  19  352  386  

 

Among customers who gave high satisfaction scores, the most commonly cited reasons were 

the professionalism of their contractor, as well as their proactive and flexible approach.  For 

example, one customer states, 
  

“He led us through this (process) with confidence.  He was very knowledgeable, 

and exceeded our expectations.” 
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Satisfied customers also emphasized that the installation took the expected amount of time.  

For example,  
  

“(Our contractor was) on time, on target, within cost.  We had no issues.” 

The minority of customers that gave low satisfaction scores most commonly cited 

unexpected delays in installation or poor communication with their contractor. 

 

For the most part, residential and nonresidential customers commented on the same positive 

aspects of contractor performance; primarily customer service, timeliness, quality, and price.  

Negative comments in both markets focused on problems with the equipment and delays in 

installation.  However, residential customers were more likely to complain about customer 

service than nonresidential customers (3.1 percent versus 0 percent).  Nonresidential 

customers were more likely to mention problems understanding the rebate structure and what 

to expect than residential customers (2.6 percent versus 0 percent). 

 

Contractor Feedback on CSI Program Core Services and Support 

Contractors act as the primary delivery channel for the CSI program; they serve as the 

primary source of participant program awareness and provide extensive customer support 

through the CSI participation process.  The CSI PAs complement contractors in this role 

through the provision of program trainings, workshops, newsletters, and forums. 

 

This section provides a summary of installation contractor feedback regarding these 

contractor support services, as well as core services such as program inspection and 

application processing. 

 

Participating contractors report a high level of attendance at the program trainings and 

workshops (70 percent attend).  High volume contractors attend only slightly more than 

general contractors (71 versus 67 percent, respectively).  Contractors that attend trainings 

were appreciative of the offerings, as shown by the mean satisfaction rating of 8.1 on a scale 

from 0 to 10, and the following typical comments: 
  

“The information was clear and concise; I left feeling confident to handle 

situations.” 

“Everything goes smoothly.  The workshops are very informative, and I usually 

don't have any unanswered questions afterward.” 

When asked which type of workshop best meets their needs, contractors were very nearly 

equally split between in-person and online.  

 

Contractors were also asked to report their subscription to the CSI newsletter, and attendance 

at program Forums.  The CSI newsletter is widely read by contractors, with 82 percent of 
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contractors subscribing to the newsletter.  General contractors were actually marginally more 

likely to subscribe to the newsletter, at 87 percent versus 80 percent of high volume 

contractors.   

 

CSI Forum attendance trails workshop attendance and newsletter subscription, reaching 

slightly more than 40 percent of surveyed contractors.  The rate of Forum attendance is 

notably different among high volume contractors than general contractors, with nearly half of 

high volume contractors reporting attendance and just 27 percent of general contractors.  

 

Contractors also commented on other program requirements and the core services provided 

by the PAs.  Contractors report the CSI application process takes about 6.8 hours each for 

EPBB incentives, and close to 11 hours per PBI application.  There is a measurable gap 

between high volume contractors and general contractors in the reported time to complete 

each application; high volume contractors complete application processing in about 60 

percent the time of general contractors.   

 

Contractor satisfaction with the inspection process and turnaround time is 7 on a 0 to 10 point 

scale, and somewhat higher in PG&E service territory than SCE or CCSE.  Contractors 

express appreciation for the online application process, with a mean rating of 7.3 and note 

that the process takes less time and works well.  Contractors would like to see faster 

turnaround times on payment claims, rating this aspect of program administration a bit lower 

at 6.2.   

 

Conclusions 

Installation contractors had a mixed year ending in 2009 with almost 30 percent of the 

sample experiencing contraction in FTE while almost half continued to grow despite tough 

economic conditions overall.  Outlook going forward is extremely positive, and there is a 

solid consensus around rapid current and future growth in the industry.  Reasons cited by 

contractors for their positive outlook center around observations of market trends; reductions 

in cost; greater awareness and acceptance in the general population; and continued support 

through program and financing options.   

 

Another indication of continuing strength in the industry is CSI participants‟ high levels of 

satisfaction with the performance of their contractors.  The mean rating on a scale from 0 to 

10 was 9.1 in the residential market and 8.6 in the nonresidential market.  Praise was focused 

on customer service, workmanship, timeliness, and price. 

 

About 70 percent of installation contractors utilize the CSI workshops and trainings offered 

by the PAs and are split in their stated preference for in-person or online presentation.  The 

CSI newsletter reaches the widest audience, with an estimated 82 percent of contractors 
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subscribing.  Forums are somewhat less well attended, with 40 percent of surveyed 

contractors reporting attendance.   

 

„High volume contractors‟ and ‟general contractors‟ attend workshops and trainings at 

roughly the same rate, and both groups have a high rate of subscription to the CSI newsletter.  

There are a couple of differences to note.  General contractors are slightly less likely to 

attend Forums than high volume contractors (27 versus 49 percent), and they have not 

achieved the same level of efficiency in CSI application processing.  Survey results indicate 

that general contractors take more than 1.5 times as many hours to complete an application 

relative to high volume contractors.   

 

 

11.5  Overall Findings and Recommendations 

Overview of Findings  

Sources of Awareness and Reasons for Participation 

Both residential and nonresidential participants heard about the CSI program through their 

contractors or traditional marketing vectors.  Also for both sectors, financial reasons are the 

most important factor affecting participants‟ decision to install a solar PV system.  

Environmental concerns are the next most important factor.  Financial, rather than 

environmental concerns are the strongest driver for participants with larger systems, inland 

participants, and those in the industrial or agriculture business.  Market segment findings 

differ in regards to third party ownership, which is associated with more financial motivation 

in the residential sector but more environmental motivation in the nonresidential sector.  

Third party ownership in the nonresidential sector is often associated with schools, a segment 

which is decidedly more focused on community leadership and environmental responsibility 

than financial concerns.   

 

Participant Satisfaction 

For both residential and nonresidential market segments, satisfaction with the CSI program 

and the performance of the solar panels is very high.  Further, satisfaction levels are 

consistent across the key participant subsegments; they do not vary by any readily 

identifiable segmentation such as PA, climate zone, ownership, or system size.   

 

Nonparticipant Awareness and Market Barriers 

In both residential and nonresidential markets, a little more than 60 percent of the 

nonparticipants report awareness of the CSI program.  The two market segments differ in 

their propensity to consider investing in a solar PV system for their home or facility.  More 

residential customers than nonresidential customers have considered installing a PV system, 

58 versus 31 percent, respectively.  In nonresidential markets, the reasons for not installing 
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are dominated by financial considerations.  Eighty-six percent of respondents electing not to 

install cited financial concerns (initial cost or payback) and only 2 percent cited concerns 

about the solar technology performance.  In residential markets, initial cost is the most 

important reason for not installing, but doubt over need or practicality of the systems is also 

an important reason. 

 

Installation Contractor Business Outlook 

The outlook going forward is extremely positive, and there is a solid consensus among 

installation contractors around rapid current and future growth in the industry.  The reasons 

cited by contractors for their positive outlook center around observations of market trends; 

reductions in cost; greater awareness and acceptance of PV in the general population; and 

continued support through program and financing options.  Another indication of continuing 

strength in the industry are CSI participants‟ high levels of satisfaction with the performance 

of their contractors.   

 

Recommendations 

While there is a greater likelihood of considering solar in residential markets than 

nonresidential markets, there is also a greater likelihood to reject the idea based on doubts 

related to need or practicality.  The residential market patterns suggest that the program has 

not yet reached maturity and knowledge has not yet transferred to late adopters.  This appears 

particularly true of lower income households.  Considering the rapid growth of third party-

owned systems and PACE financing, and the benefits such arrangements provide for lower 

income households, the program could benefit from joint marketing with third party 

ownership companies and programs promoting PACE financing to reach lower income 

households. 

 

Available area was also an important reason why residential customers elected not to install 

PV, particularly those with higher incomes.  Again, the issue is likely an inability to zero out 

one‟s utility electrical usage.  These households might also be an opportunity to promote and 

integrate deep energy efficiency retrofits with the PV installation, as reviewed in Section 10.  

In addition, if these households saw that they could achieve substantial savings and perhaps 

move down in pricing tiers, they might be convinced to install a PV system that did not fully 

offset their load.  Participation would be bolstered by an increased awareness of the financial 

benefits of a PV system that offsets only a portion of load.  Given residential customer 

preference for offsetting a large portion of load, it would also enhance participation to bundle 

energy efficiency services with PV in an offering to homes with limited roof space a 

reduction in net consumption to near zero, as mentioned in Section 10. 

 

In nonresidential markets, 62 percent of nonparticipating customers are aware of CSI, but 

only half have considered installing a system at their facility.  Motivating aware customers to 
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actively consider PV technology is a potent source of growth.  The single most important 

barrier to the consideration of PV is related to initial costs and financing.  Increased 

awareness of the financial benefits of PV systems and available tools to reduce initial costs or 

financial risk will bolster participation.  In addition to incentives, there is a growing market 

trend in creative financing and ownership structures that directly address these barriers.  It is 

critical to effectively and simply deliver these options to customers.  Sifting through an 

abundance of options and programs may be daunting to customers.  The CSI program could 

facilitate industry growth through direct marketing that is run in conjunction with companies 

offering third party ownership and/or financing programs, or by facilitating contractors in the 

ability to offer „turn-key‟ services that integrate all of these offerings.   

 

Growth would be encouraged if CSI contractors were able to assimilate financing options, 

ownership structures, and incentive opportunities to maximize the choices and benefits to the 

customer.  Furthermore, contractors that can offer an integrated package of energy efficiency 

audits, measure installation services, retro-commissioning and/or assistance with 

participation in IOU rebate programs may prove most successful by approaching energy and 

bill saving opportunities from the most holistic perspective possible.  Recent market activity 

indicates that there may be a trend in this direction.5  

 

The CSI program can facilitate the trend toward bundled service delivery by providing 

information and resources to solar contractors; offering workshops (or referrals to other 

educational opportunities) on financing options and how to facilitate (or provide) financing to 

customers; offering educational support related to alternative ownership structures and PPAs; 

holding workshops on energy efficiency rebate programs; and offering training on how to 

conduct energy efficiency audits.   

 

As discussed above, contractors appreciate and regularly attend CSI trainings and workshops; 

and they also read the CSI newsletter.  These avenues are suggested as an efficient means to 

provide resources and information services to contractors.   

 

                                                 
5  http://www.mercurynews.com/green-energy/ci_15062781?nclick_check=1 

http://www.mercurynews.com/green-energy/ci_15062781?nclick_check=1
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Appendix A 
 
CSI Application Energy Efficiency Audit Review 

 

As part of the 2009 Impact Evaluation, a random sample of residential and nonresidential 

energy efficiency audits from CSI applications was obtained and reviewed.  This information 

was used to characterize how the audit information was presented to and used by CSI 

participants, and to assess the impact of the audit requirement on the energy efficiency 

practices of CSI participants.  The methodology and a summary of the energy efficiency 

audit recommendations are provided in this appendix. 

 

 

A.1  Methodology 

The analysis used information that had to be compiled from the CSI application, electric 

bills, and energy efficiency audit as shown in Table A-1.  This information was only 

available in hard copy, so it was all manually compiled into a multiple tabbed Excel 

spreadsheet.  Additional effort went into developing a common format that could be used to 

record the energy efficiency measure information, as there were many different formats of 

energy efficiency audits.  This format is reflected in the structure of Table A-1, which 

includes the following sections: 

 

 General.  Primary CSI program and customer identifiers such as utility/PA, CSI 

application identifier, CSI customer type, and rebate type.  
  

 Utility Bill.  Annual kWh consumption rate information.  
  

 Audit Type.  Describes the physical format of the CSI energy efficiency audit 

(online, paper, etc.) and other characteristics of the audit.  
  

 Recommendations.  These are the categories that were used to standardize the 

energy efficiency measures extracted from the various formats of the CSI EE 

audit.  The CSI guidelines are not specific on submittal requirements for the 

energy efficiency audit.  As a result, the documentation for the CSI applications 

that were sampled varied widely, which required that this effort be undertaken to 

standardize and categorize the measures. 
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Table A-1:  Data Collected from the CSI Application Packets 

Data Type Description 

General  Utility 

 Application identification 

 Customer Type 

 Rebate Type 

 CSI System Output 

Utility Bill  Annual usage (including service dates) 

 Payment Amount 

 Rate Tier 

 Usage Comparison between the same period last year 

Audit Type  Audit Type (Online/Paper copy) 

 Audit Report Name 

 Length of audit 

 Annual Energy Costs Breakdown 

 Monthly Energy Costs Comparison with Similar Homes  

Recommendations Residential 

 Appliances/ Electronics 

 Cooling 

 Hot Water 

 Lighting 

 Heating 

 Food Preparation 

 Food Storage 

 Time of Use 

 Water 

 Weatherization 

 Pool & Spa 

Nonresidential 

 Non-Measure specific 

 Cooling 

 Hot Water 

 Lighting 

 Heating 

 Food Storage 

 Water 

 Weatherization 

 Compressed Air Use 

 Electronics 
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A.2  Summary of Energy Efficiency Audit Recommendations 

This is a summary of the measure recommendations obtained from the review of the CSI 

energy efficiency audits.  There are two tables—Residential and Nonresidential—and results 

are presented using the categories presented in the Recommendations section of Table A-1. 

 

The percentages presented in Table A-2 and Table A-3 exclude applications that did not have 

documentation or an exemption disposition for the audit; or where the audits are incomplete, 

illegible, or do not provide recommendations.  Audit documentation was missing from: 

 

 Three residential applications: SD-CSI-01522, SD-CSI-00573, SCE CSI08-2890 
  

 Six commercial applications:  SD-CSI-00087, SD-CSI-00025, SD-CSI-00103, 

SD-CSI-01466, PGE-CSI-A1601, PGE-CSI-A1688, and 
  

 Four government/non-profit applications:  SD-CSI-00060, SCE-CSI08-2753, 

SCE-CSI07-1707, PGE-CSI-08186. 

 

The energy efficiency audit recommendations are summarized below. 

 

Table A-2:  Residential Audit Recommendations 

Category Recommendation 
Occurrences 

(N=75) 

Appliances/ 

electronics 

Air dry dishes or use "Energy saver" cycle 42 56% 

Dry full loads of clothes when possible 31 41% 

Line dry clothes 14 19% 

Dry lightweight and heavy clothes separately 13 17% 

Clean lint filter before every load 13 17% 

Power off your computer, scanner, printer when not 

in use 
10 13% 

Replace your clothes washer, water heater, or 

dishwasher 
9 12% 

Avoid over drying clothes 6 8% 

Cooling 

Install whole house fan 20 27% 

Clean AC filter monthly.  Perform annual AC tune 

up. Shade windows with eastern, southern, and 

especially western exposures.  Keep drapes and 

blinds closed during the day.  Appliances such as 

dishwashers, clothes washers, and dryers give off 

heat, so try to avoid their use during the hottest 

times of the day.  If you decide it is time to replace 

your existing air conditioning unit, choose the most 

energy-efficient model you can.  

18 24% 

Raise your air conditioner thermostat setting 14 19% 
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Table A-2:  Residential Audit Recommendations (continued) 

Category Recommendation 
Occurrences 

(N=75) 

Food 

preparation 

Consider replacing electric range with a gas range 5 7% 

Use microwave instead of range/oven to save 

energy & keep kitchen cool 
4 5% 

Adjust top burner flames to fit pan size.  Pre-

heating isn't necessary for most foods. 
2 3% 

Food Storage 

Raise temperature setting of your refrigerator and 

freezer  
25 33% 

Replace worn or damaged refrigerator/freezer door 

gaskets  
24 32% 

Avoid opening door unnecessarily  22 29% 

Maintain your refrigerator and freezer regularly 

(clean coils & check door seals) 
19 25% 

Turn off the moisture control heater 19 25% 

Make sure second refrigerator is a necessity, or 

recycle second refrigerator 
11 15% 

Replace your refrigerator and freezer 9 12% 

Manually defrost your freezer regularly 2 3% 

Heating 

Lower thermostat setting 29 39% 

Windbreaks by trees and shrubs can reduce winter 

fuel consumption by creating insulating air spaces 

and also reduce noise and air pollution 

22 29% 

Regularly maintain your heating system 

(check/replace air filter, keep vents clean) 
17 23% 

Avoid heating unoccupied areas 17 23% 

Turn off your heater when no one is home 15 20% 

Replace your old furnace 14 19% 

Turn off pilot light during the summer 5 7% 

Install electronic ignition 6 8% 

Install a programmable thermostat 7 9% 

Install Add-on Heat Pump 1 1% 
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Table A-2:  Residential Audit Recommendations (continued) 

Category Recommendation 
Occurrences 

(N=75) 

Hot water 

Wash full loads of clothes  35 47% 

Wash laundry in cold water 35 47% 

Lower the temperature of your water heater 34 45% 

Wash full loads of dishes when possible 27 36% 

Insulate hot water pipes if not already done 27 36% 

Install heat traps on your water heater 26 35% 

Maintain your water heater regularly 24 32% 

Wrap water heater with an insulating blanket 16 21% 

Match clothes washer load setting to load size 9 12% 

Install heat recovery water heating system 3 4% 

Control Water Heater with a timer 3 4% 

Lighting 

Use CFL bulbs 62 83% 

Turn off lights when not in use 31 41% 

Use motion sensors, occupancy detectors, dusk to 

dawn sensors, automatic timers or dimmers 
28 37% 

Replace halogen torchiere 9 12% 

Pool & Spa 

Purchase and use your hot tub cover regularly 29 39% 

Replace the pool pump with more efficient unit 26 35% 

Run your pool pump less 9 12% 

Lower the temperature of your hot tub 7 9% 

Lower the temperature of your pool 6 8% 

Install a timer on your pool filter pump 1 1% 

Time of Use Avoid running major appliances during peak times 42 56% 

Water 

Install energy-efficient low-flow showerheads 40 53% 

Install faucet aerators on sinks 31 41% 

Reduce shower time, turn water off while brushing 

teeth, etc. 
12 16% 

Reduce amount of time you water your lawn 4 5% 

Replace grass with low water use plants 3 4% 

Weatherization 

Control air leakage 54 72% 

Seal leaks in air ducts 46 61% 

Attic insulation  20 27% 

Insulate your ducts 18 24% 

Improve windows (add storm windows, plastic 

film, exterior solar screens, or interior insulation to 

windows); replace single pane windows 

15 20% 

Improve insulation 5 7% 

Make sure floors are well insulated 3 4% 

Install automatic flue damper 1 1% 
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Table A-3:  Summary of Nonresidential Audit Recommendations 

Category Recommendations 
Occurrences 

(N=48) 

Compressed 

Air 

Replace the use of compressed air where not essential 

(e.g. replace with a low-pressure fan, clean by sweeping 

rather than blowing) 

1 2% 

Improve the efficiency of your compressed air system 

(e.g. regular air leak checks, cleaning filters and 

nozzles, reducing operating pressure, variable speed 

drive compressors) 

1 2% 

Cooling 

Replace air filters regularly 19 40% 

Install programmable thermostats.  Insure cooling 

temperature set points are compliant. 
11 23% 

Raise summer temp. setting 10 21% 

Reduce cooling load during unoccupied hours 8 17% 

Install a higher-efficiency fan motor (for ventilation) 7 15% 

Install an evaporative condenser 6 13% 

Install variable volume air-handling controls 6 13% 

Install a variable speed drive for air-handling 6 13% 

Install a high-efficiency heating and cooling unit 5 10% 

Install an economizer on your package cooling unit 4 8% 

Perform regular maintenance on your cooling system 2 4% 

Proper motor sizing, cycling of redundant motors 2 4% 

Install a variable speed drive for chilled water 

circulation 
1 2% 

Electronics 
Use automatic power-down product scanners or cash 

registers 
2 4% 

Energy 

Management 

Conduct energy audit to identify energy savings ops 7 15% 

BAS and energy management system to control lighting 

and tie all of the new mechanical components together. 
1 2% 

Develop a process for managing energy bills and 

consumption, and track how they are trending. 
1 2% 

Food Storage 

Clean heat exchanger coils regularly 16 33% 

Install variable speed compressors 4 8% 

Integrate refrigeration and HVAC by recovering waste 

heat 
3 6% 

Ensure vending machines incorporate occupancy sensor 

controller 
1 2% 

General 

Turn off equipment when not in use 14 29% 

Install EE equipment 8 17% 

Conduct energy conservation awareness activities 

w/staff 
6 13% 
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Table A-3:  Summary of Nonresidential Audit Recommendations (continued) 

Category Recommendations 
Occurrences 

(N=48) 

Heating 

Regularly service your heating system 9 19% 

Turn off non-automated heating equipment, or lower 

heat during unoccupied hours 
6 13% 

Seal leaky ducts 5 10% 

Install a high-efficiency heating unit 1 2% 

Limit gas heater use to as needed basis and close up 

spaces when in use 
1 2% 

Insure heating temperature set points are compliant.  1 2% 

Install Centralized energy management controls 1 2% 

Hot Water 

Insulate your water heater 9 19% 

Lower the water heater temperature setting 8 17% 

Conduct regular maintenance on water heaters and 

check temperature setting 
1 2% 

Lighting 

Upgrade Exit lighting to LED lamps 31 65% 

Use "Day Lighting"/ take advantage of natural sunlight 23 48% 

Upgrade your incandescent lighting to CFLs 18 38% 

Replace T12 fluorescent fixtures with EE T8 or T5 

lamps with electronic ballasts 
15 31% 

Use "Task Lighting" and improve its efficiency 8 17% 

Install controls on lighting to turn off when not required 

(e.g., timers, occupancy sensors in offices and meeting 

rooms, photocells on exterior lighting) 

6 13% 

Insure high mast lights are only activated at night and 

only the needed mast is activated for maintenance. 
2 4% 

Continue cleaning photocells and adjusting light timers 

on a quarterly basis  
1 2% 

Reduce lighting in over-lit locations. Consider removing 

some lighting from emergency circuit. Turn off all 

vending machine lighting. 

1 2% 

Establish policy so staff have clear directions when 

acceptable to reduce dayroom lights. Establish 

notification process to alert staff when exterior lights 

are left on during day. Establish task force to evaluate 

lighting & identify over lit locations 

1 2% 

Operation and 

Maintenance 

Practice 

Insure that vacated buildings are completely shut down. 

Implement a mothball procedure for vacated spaces. 
1 2% 

Modify your maintenance practices to include regular 

EE checks to improve EE (e.g. boilers, air compressors, 

HVAC, steam traps) 

1 2% 

Time of Use 
Investigate opportunities to benefit from utility time of 

use programs 
12 25% 



2009 CSI Impact Evaluation 

 

A-8 CSI Application Energy Efficiency Audit Review 

Table A-3:  Summary of Nonresidential Audit Recommendations (continued) 

Category Recommendations 
Occurrences 

(N=48) 

Water 

Implement a water usage policy. Reduce water waste 

from hoses and sinks. Consolidate dishwashing. 
1 2% 

Implement a shower schedule. Install shower flow 

restrictors. 
1 2% 

Replace the individual rooftop packaged units and 

ductwork to a central chilled water cooling and hot 

water heating system 

1 2% 

Weatherization 

Improve air-tightness of air-conditioned spaces  27 56% 

Install "low E" or reflective window film on windows 5 10% 

Install air infiltration barriers in loading areas 5 10% 

Install exterior shading devices 4 8% 

Add insulation above dropped ceiling 3 6% 

Add attic insulation 2 4% 

 

 



  

Appendix B 
 
Phone Survey Instruments 

 

Five phone survey instruments were used for this effort and are included in this appendix.   

 

 Residential Participant Survey 

 Residential Nonparticipant Survey 

 Nonresidential Participant Survey 

 Nonresidential Nonparticipant Survey 

 PV Contractor Survey 
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Residential Participant Survey 
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INTRODUCTION AND FINDING CORRECT RESPONDENT

S_1

Hello, this is <INTERVIEWER NAME> calling from Itron on behalf of the California Public Utilities Commission. This is not a sales 
call.  May I please speak with &PROGRAM_CONTACT?  [IF NEEDED]: my understanding is that &PROGRAM_CONTACT is the 
contact person for your solar energy installation at &SERV_ADDR – may I please speak with him/her?

1 No, this person is not the contact person S_3
2 No, this person is not available right now S_3
4 Yes S_5

77 No, Other reason (specify) S_3
88 Refused S_3
99 Don’t know S_3

S_3

[IF &PROGRAM_CONTACT WILL NOT EVER BE AVAILABLE]
May I please speak with the person most knowledgeable about recent changes in the energy-using appliances and equipment for your 
home at &SERV_ADDR.

[IF NEEDED] We’re calling to do a follow-up survey about your participation in the California Solar Initiative program.  The purpose of
the survey is to assess how well the Energy Efficiency Audit program met your needs and to ask you a few questions about the 
recommendations that were made in the Energy Efficiency Audit Report. 

[IF NEEDED] This is a very important fact-finding survey among participants in a Solar program sponsored by the California Public 
Utilities Commission.  We are NOT interested in selling anything, and responses will not be connected with your household in any way.  
The Commission wants to understand how residential customers think about and manage their energy consumption

77 There is no one here with information on that address/wrong address T&T
1 Address correct/Continue S_3 until you find appropriate contact person S_5

S_5

[IF &PROGRAM_CONTACT IS AVAILABLE]
Hello Mr/Mrs &PROGRAM_CONTACT, this is <INTERVIEWER NAME> calling from Itron on behalf of the California Public 
Utilities Commission. Our records show that you participated in the California Solar Iniative program on or about &SOLAR_DATE.  Is 
this correct?

[IF NEEDED] We’re calling to do a follow-up survey about your participation in the California Solar Initiative Program

[IF NEEDED] This is a very important fact-finding survey among participants in a Solar program sponsored by the California Public
Utilties Commission. We are NOT interested in selling anything, and responses will not be connected with you in any way.  The CPUC 
wants to understand how people think about and manage their energy consumption

[IF NEEDED] &PA_Name is cooperating on this important study, authorized by the California Public Utilities Commission, to better
understand how customers like yours think about and manage their energy consumption. Your input is very important to the State of 
California and to the Commission.

1 Yes, we participated in the program, and address is correct S_9
2 There is no one here with information on that address/wrong address T&T
3 Do not recall participating in the program T&T

SCREENER

Before we get started, let me verify a few items from our records

S_9
Our records show you installed Solar Panels at &ADDRESS through the California Solar Initiative Program on or around
&SOLAR_DATE.  Is this correct?

1 Yes S_12
2 No S_11

88 Refused S_11
99 Don’t know S_11

S_11
It sounds like someone else may be more familiar with your participation in California Solar Initiative Program?  IF YES: Can you tell m
who that person might be?

1 Yes, it was probably [NEW CONTACT NAME] S_3
77 No T&T
88 Refused T&T
99 Don’t know T&T
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ENERGY EFFICIENCY REQUIREMENTS AND AWARENESS

AW1 How did you first become aware of the California Solar Inititiative -or "CSI" - Program? [DO NOT READ.  SELECT ALL THAT APPLY.]
1 Respondent approached Solar Panel producer 
2 Respondent approached Solar Installation Contractor
3 Respondent approached utility 
4 Informed by Utility Representative
5 Informed by contractor/ESCO/A&E firm/other 3rd party
6 Received a brochure in mail
7 Bill insert
8 Word-of-mouth from friends, family, co-workers
9 Television, radio, newspaper ad

10 Magazine or trade journal
11 Participation in previous years
12 Community organization such as Chamber of Commerce
13 Respondent called their utility to complain about their electric or gas bill
14 Seminar/Class at the Pacific Energy Center (PEC), Energy Resource Center (ERC) or Customer Technology 

Assessment Center (CTAC )
15 Seminar or Training Class sponsored by Utility
16 Seminar or Training Class NOT sponsored by Utility
77 Other (SPECIFY)
88 Refused
99 Don’t know

AW3 What was your primary reason for installing Solar Panels through the CSI program? [DO NOT READ.]
1 To identify ways to save energy AW5
2 To take advantage of the rebate AW5
3 To Save money on electric bills AW5
4 Because the program was sponsored by a utility AW5
5 Helping protect the environment AW5
6 Previous experience with other utility programs AW5
7 Recommended by utility account reps AW5
8 Recommended by contractors AW5

77 Other (SPECIFY) AW5
88 Refused AW5
99 Don’t know AW5

AW5 On a scale of 0 to 10, where 10 is extremely important and 0 is not important at all, how important were each of the following factors in the decision to install Solar Panels through the CSI Program.  
AW5a Payback on the investment NC1
AW5b Reduce my energy bill NC1
AW5c Concerns regarding global warming NC1
AW5d Concerns regarding environmental damage NC1
AW5e Reducing U.S. depedence on foreign oil NC1
AW5f Promote or test a new technology NC1
AW5g Improve the overall reliability of my electricity supply NC1
AW5h To be independent from my Utility NC1

NC1 When was this residence constructed or put through a major remodel that improved the thermal characteristics of your home?...Was it
1 2005-2009 NC3
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2 2000-2004 AW7
3 1990s AW7
4 1980s AW7
5 1970s AW7
6 1960s AW7
7 1959 or earlier AW7

88 Refused AW7
99 Don't know AW7

AW7

As part of participating the CSI program, applicants often complete an Energy Efficiency Audit.  The Audit is 
sometimes conducted on-line at &IOU's website, or by phone, or mail.  To complete the audit, information is 
collected about the residence and  energy-using appliances and equipment, and then you receive energy saving 
recommendations.  Did you complete an Energy Efficiency Audit -before installing your Solar Panels- as part of 
participating in the CSI program?

1 Yes AW_7A
2 No AW11

88 Refused AW13
99 Don’t know AW13

If AW7="no" 

AW11

If an energy efficiency audit is conducted within 3 years prior to  participating in the CSI program, this audit may
be used to fulfill the CSI energy audit requirement.  Did you complete an energy efficiency audit within 3 years 
prior of completing the CSI application?

1 Yes AW7a
2 No AW13

88 Refused AW13
99 Don’t know AW13

AW7a Was this audit provided by &IOU, or by another organization?
1 &IOU provided the audit service AW_8
2 A third party provided the audit service AW7b

88 Refused AW_8
99 Don’t know AW_8

AW7b Who provided the audit service?  
[IF NECESSARY] Do you recall the name of the company that provided your audit?
Verbatim AW_8

AW8 What type of audit was completed for your residence?  (IF NEEDED: was the audit completed online, or through 
the phone, by mail or by an auditor that visited your facility in person?)

1 Online AW9
2 Phone AW9
3 Mail AW9
4 On-Site AW9
5 CD-ROM AW9

77 other (specify) AW9
88 Refused AW9
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99 Don't know AW9

ASK IF AW7='YES'
AW9 Did your solar contractor assist you in filling out or performing your Energy Efficiency Audit?

1 Yes AW10
2 No AW10c

88 Refused AW10c
99 Don’t know AW10c

AW10 Please tell us how your contractor assisted you in filling out or performing your Energy Efficiency Audit
AW10a Did your contractor provide the Audit forms, or point you to the online link for the Audit?

1 Yes AW10b
2 No AW10b

88 Refused AW10b
99 Don’t know AW10b

AW10b Did your contractor fill out the forms for you?
1 Yes AW10ba
2 No AW10c

88 Refused AW10c
99 Don’t know AW10c

AW10ba Did your contractor ask you about your appliances or your patterns of energy use to fill out the forms?
1 Yes AW10c
2 No AW10c

88 Refused AW10c
99 Don’t know AW10c

AW10c Did your contractor ask you about your appliances or your patterns of energy use for purposes other than filling out 
the energy audit?  For example, to size up your system. 

1 Yes AW10d
2 No AW10d

88 Refused AW10d
99 Don’t know AW10d

AW10d Did your contractor mail or submit the audit on your behalf? 
1 Yes AW10e
2 No AW10e

88 Refused AW10e
99 Don’t know AW10e

AW10e Did your contractor discuss the Energy Audit recommendations with you?
1 Yes AW10f
2 No AW10f

88 Refused AW10f
99 Don’t know AW10f

AW10f What else did your Contractor do regarding your Energy Efficiency Audit (Record Verbatim)
[Enter verbatim] AW21
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88 Refused AW21
99 Don’t know AW21

AW21
The CPUC is interested in how customers perceive the energy efficiency audit requirement.  In your opinion, why 
do you think the CPUC should require energy efficiency audits as part of the CSI program application process?

2 Record Verbatim ST_1
88 Refused ST_1
99 Don’t know ST_1
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Customer Satisfaction with Key Program and Performance Elements
The CPUC is interested in how customers feel about the program, to help improve it.  Next, I'd 
like to ask you about your satisfaction with various aspects of the CSI program and program 
equipment.  

ST1
On a scale of 0 to 10, where 0 is completely unsatisfied and 10 is completely satisfied, how 
satisfied are you with the CSI program?

77 Rating from 0 to 10 ST3
88 Refused ST5
99 Don’t Know ST5

ST3 Why do you say that
77 Record Verbatim ST5
88 Refused ST5
99 Don’t Know ST5

ST5
On the same scale 0 to 10 scale, how satisfied are you with the performance of your 
installation contractor?

77 Rating from 0 to 10 ST7
88 Refused ST9
99 Don’t Know ST9

ST7 Why do you say that
77 Record Verbatim ST9
88 Refused ST9
99 Don’t Know ST9

ST9
On the same scale, where 0 is completely unsatisfied and 10 is completely satisfied, how 
satisfied are you with the performance of your PV system?

77 Rating from 0 to 10 ST11
88 Refused ST13
99 Don’t Know ST13

ST11 Why do you say that
77 Record Verbatim ST13
88 Refused ST13
99 Don’t Know ST13

ST13 Would you recommend participating in the CSI program to friends or family?
1 Yes ST15
2 No ST15

88 Refused ST17
99 Don’t know ST17

ST15 Why would/wouldn't you recommend the CSI program to your friends or family?
77 Record Verbatim ST17
88 Refused ST17
99 Don’t Know ST17

ST17 Do you perform regular maintenance on the PV system?
1 Yes ST19
2 No ST23

88 Refused ST23
99 Don’t Know ST23

ST19 What types of regular maintenance is performed on your PV system?
1 Clean Panels ST21
3 Inverter monitoring ST21

77 Other (specify) ST21
88 Refused ST21
99 Don’t Know ST21
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ST21
Do you have a maintenance contract with a professional service company to perform regular 
system maintenance?

1 Yes ST22
2 No ST22

88 Refused ST22
99 Don’t Know ST22

ST22 How often is maintenance performed on the solar system at your residence?
1 Annually ST23
2 half-yearly ST23
3 1-4 times per year ST23
4 more than 4 times per year. ST23

88 Refused ST23
99 Don’t Know ST23

ASK IF EPBB; ELSE SKIP TO ST31

ST23
Did your solar contractor discuss the costs and benefits of a 'performance monitoring service' 
that would collect data and make reports regarding the energy output of your panels? 

1 Yes ST27
2 No ST25

88 Refused ST25
99 Don’t Know ST25

ST25 Before this call were you aware that performance monitoring services are available for a fee?
1 Yes ST27
2 No ST37

88 Refused ST37
99 Don’t Know ST37

ST27 Do you receive this type a performance monitoring service?
1 Yes ST29
2 No ST37

88 Refused ST37
99 Don’t Know ST37

ST29 Which company provides  performance monitoring service for your organization?
77 Insert pre-codes later and include an "other" category ST31
88 Refused ST31
99 Don’t Know ST31

ST31
On a scale of 0 to 10 where 0 is completely dissatisfied and 10 is extremely satisfied, how 
satisfied are you with the performance monitoring services you have received?

77 Rating from 0 to 10 ST33
88 Refused ST35
99 Don’t Know ST35

ST33 Why do you say that?
77 Record Verbatim ST35
88 Refused ST35
99 Don’t Know ST35

ST35
Over the past year, how many repairs or maintenance activities resulted from issues identified 
with performance monitoring data?

&Num Number ST37
88 Refused ST37
99 Don’t Know ST37
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ST37 What type of access do you have to view your PV system's energy production data?
1 Inverter display only ST39
2 Computer web interface ST39
3 Stand alone device with diplay ST39
4 Utility bill ST41
5 None ST41

77 Other SPECIFY ST41
88 Refused ST41
99 Don’t Know ST41

ST39
What data do you see on your display type? [READ list if needed and mark multiple 
responses]

1 Hourly production (kwh) ST40
2 Daily production (kwh) ST40
3 Monthly production (kwh) ST40
4 Annual production (kwh) ST40
5 Lifetime production ST40
6 Instantaneous power -  kw being produced at that moment ST40
7 Sub hourly production (eg production at 1 min or 15 min intervals) ST40

77 Other format (record verbatim) ST40
88 Refused ST41
99 Don’t Know ST41

ST40 How much data are you able to view at one time?  Are you able to view…
1 since the beginning of the system operation ST41
2 from the previous week ST41
3 from the previous month ST41
4 from the previous year ST41

77 Other ST41
88 Refused ST41
99 Don't know ST41

ST41 Do you or others review your PV system's energy production data on a regular basis to ensure appropriate functioning?
1 Yes, me ST45
2 Yes, others ST43
3 No ST45

88 Refused ST45
99 Don’t know ST45

ST43 Who reviews your PV system's energy production data? 
Verbatim PV_7

88 Refused PV_7
99 Don’t know PV_7

ASK IF ST35 is MISSING; ELSE GO TO Z1

ST45
Over the past year, how many repairs or maintenance activities resulted from issues identified 
through the reviewing of your PV systems energy production data?

&NUM &Number Z1
77 Other specify Z1
88 Refused Z1
99 Don’t know Z1
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Solar System Sizing

Z1 On a scale of 0 to 10, how satisfied are you with the size of the system that you selected?
77 Rating from 1 to 10 Z3
88 Refused Z5
99 Don’t Know Z5

Z3 Why do you say that
77 Record Verbatim Z5
88 Refused Z5
99 Don’t Know Z5

Z5
What factors did you consider when selecting the size of your new solar power generation system?   [Do NOT read.  Mark all 
that apply.]

1 Consumption at the time the system was installed Z7
2 Plans to add additional appliances or equipment Z7
3 Energy efficiency investments Z7
4 Save on energy bill Z7
5 Size estimated or recommended by contractor Z7

77 Other Z5a
88 Refused Z7
99 Don’t Know Z7

Z5a Verbatim from Z5 Z7

ASK IF CUSTOMER OFFERS MORE THAN ONE FACTOR…
Z7 Which of these factors was most important in determining the size of your new solar system?

1 Consumption at the time the system was installed Z9
2 Plans to add additional appliances or equipment Z9
3 Energy efficiency investments Z9
4 Save on energy bill Z9
5 Size estimated or recommended by contractor Z9

77 Other Z9
88 Refused Z9
99 Don’t Know Z9

Z9 Ultimately, how did you decide what size system to install?
77 Record Verbatim Z11
88 Refused Z11
99 Don’t Know Z11

Z11
Did your solar contractor discuss the possibility of making energy efficient changes to your residence that would allow for a 
smaller solar system installation?

1 Yes Z13
2 No P1

88 Refused P1
99 Don’t Know P1

Z13 What changes did your contractor discuss with you?
77 Record Verbatim P1
88 Refused P1
99 Don’t Know P1
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PV System Operation

PV_1 Are your Solar Panels still in operation?
1 Yes PV_3
2 No PV_2

88 Refused PV_3
99 Don’t know PV_3

PV_2 Why not?
77 [Enter Verbatim] PV_5
88 Refused PV_5
99 Don’t know PV_5

PV_3 Has there been any major down-time in the system since installation?
1 Yes PV_4
2 No PV_5

88 Refused PV_5
99 Don’t know PV_5

PV_4 What caused the down-time?
77 [Enter Verbatim] PV_5
88 Refused PV_5
99 Don’t know PV_5

PV_5 How is your PV system metered?  
[If PV_2 = Yes How was your PV system metered?]

1 READ-OUT DISPLAY ON INVERTER PV_6 REMOVE
2 SEPARATE UTILITY METER FOR PV ELECTRICITY PV_6

96 OTHER PV_5a
88 Refused PV_6
99 Don’t know PV_6

PV_5a Please describe how is your PV system metered.
Verbatim PV_6 REMOVE

88 Refused PV_6
99 Don’t know PV_6

PV_6 Do you or others review your system's production data on a regular basis?
1 Yes, me PV_7
2 Yes, others PV_6a REMOVE
3 No G1

88 Refused G1
99 Don’t know G1

PV_6a Who reviews your system's production data? 
Verbatim PV_7 REMOVE

88 Refused PV_7
99 Don’t know PV_7

PV_7 [If respondent has access to system production data]
Have you used your system's production data to plan repairs or maintenance of your system? REMOVE
[If others have access to system production data]
Have they used your system's production data to plan repairs or maintenance of your system?

1 Yes G1
2 No G1

88 Refused G1
99 Don’t know G1
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Appliances and Fuel Sources

G1 Do you have natural gas service at your residence? 
1 Yes G3
2 No G7

88 Refused G7
99 Don’t Know G7

G3 Do you have gas heating or electric heating in your home?
1 Gas Heating G4
2 Electric Heating G4

77 Other (specify) G4
88 Refused G7
99 Don’t Know G7

G4 Have you ever switched the fuel that you use to heat your home?
1 Yes G5
2 No G7

88 Refused G7
99 Don’t Know G7

G5 What fuel did you switch from?
1 Electricity G7
2 Natural Gas G7

77 Other (specify) G7
99 Don't know G7
88 Refused G7

G7 Does your home have air conditioning?
1 Yes G9
2 No G11

88 Refused G11
99 Don’t Know G11

G9 Which of the following categories best describes the air conditioning system in your home? 
1 Central air conditioning (DO NOT READ: compressor, indoor system, outdoor system) G11
2 Central Heat Pump [If necessary: Heat pumps can provide heating and cooling.] [DO NOT 

READ: reverse cycle AC]  
G11

3 Evaporative Cooler G11
4 Window or wall unit or room air conditioner G11

77 Other (specify) G11
88 Refused G11
99 Don’t Know G11

G11 Do you have the use of a hot tub or spa at your home for which you pay for the energy usage?
1 Yes G9
2 No G19

88 Refused G19
99 Don’t Know G19

G13  What type of fuel do you use to heat the water for your hot tub or spa?
1    Natural gas G15
2    Electricity G15
3    Electric heat pump G15
4    Bottled gas (propane, butane, LP) G15
5    Solar G15
6    Other G15

88 Don't know G19
99 Refused G19

G15 Have you ever switched the fuel that you use to heat your hot tub or spa?

       2009 CSI Impact Evaluation

Phone Survey Instruments B-19



1 Yes G17
2 No G19

88 Refused G19
99 Don’t Know G19

G17 What fuel did you switch from?
1    Natural gas G19
2    Electricity G19
3    Electric heat pump G19
4    Bottled gas (propane, butane, LP) G19
5    Solar G19
6    Other G19

88 Don't know G19
99 Refused G19

G19 Do you have the use of a pool at your home for which you pay for the energy usage?
1 Yes G21
2 No Ligh_1a

88 Refused Ligh_1a
99 Don’t Know Ligh_1a

G21 What type of fuel do you use to heat the water for your POOL? 
1    Pool is not heated Ligh_1a
2    Natural gas only G23
3    Electricity only G23
4    Electric heat pump only G23
5    Bottled gas only (propane, butane, LP) G23
6    Solar heater (using solar collectors) G23
7    Other G23

99 Don't know Ligh_1a
88 Refused Ligh_1a

G23 Have you ever switched the fuel that you use to heat your POOL?
1 Yes G25
2 No Ligh_1a

88 Refused Ligh_1a
99 Don’t Know Ligh_1a

G25 What fuel did you switch from? 
1    Pool is not heated Ligh_1a
2    Natural gas only Ligh_1a
3    Electricity only Ligh_1a
4    Electric heat pump only Ligh_1a
5    Bottled gas only (propane, butane, LP) Ligh_1a
6    Solar heater (using solar collectors) Ligh_1a
7    Other Ligh_1a

99 Don't know Ligh_1a
88 Refused Ligh_1a
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AX1: If you or someone else in your household has ever made this improvement;
AX2: Approximately when the improvement was made (year only);
AX3: Whether or not it was recommended in the energy efficiency audit.
AX4: And whether the audit influenced you or others in your household to make the improvement.

AX2 - ask If AX1 = 'YES'

Numb
er of 
rows

Questi
on 
Numb
ering [DON'T READ]

AX1. 
[YES/NO/DK/R
ef]

AX2. Approximately in what year 
was this improvement first made? 
[Categories listed in tab <AX2 
Categories>]

AX3. Was this recommended to 
you as part of your energy 
efficiency audit? 
[YES/NO/DK/Ref]

AX8. On a scale of 0 to 10, where 0 is 
not influential at all and 10 is extremely 
influential, how influential was the 
energy efficiency audit recommendation 

Our records show you &MEAS1 through the &IOU &PROGRAM rebate program, is this correct Rebat_1a Rebat_1b Rebat_1c Rebat_1d
Our records show you &MEAS2 through the &IOU &PROGRAM rebate program, is this correct Rebat_2a Rebat_2b Rebat_2c Rebat_2d
Our records show you &MEAS3 through the &IOU &PROGRAM rebate program, is this correct Rebat_3a Rebat_3b Rebat_3c Rebat_3d

1 1 Lighting Have you ever: Installed compact fluorescent light bulbs or fixtures Ligh_1a Ligh_1b Ligh_1c Ligh_1e
2 2 Lighting Have you ever: Installed other fluorescent fixtures Ligh_2a Ligh_2b Ligh_2c Ligh_2e
3 3 Lighting Have you ever: Installed LED fixtures Ligh_3a Ligh_3b Ligh_3c Ligh_3e
4 4 Lighting Have you ever: Installed photocells, occupancy or motion sensors Ligh_4a Ligh_4b Ligh_4c Ligh_4e
5 5 Lighting Have you ever made: Any other improvements to your lighting fixtures? (Specify) Ligh_5a Ligh_5b Ligh_5c Ligh_5e
6 6 HVAC Cooling Have you ever: [ASK IF CAC/HP] Installed high efficiency central air conditioning equipment? HVAC_6a HVAC_6b HVAC_6c HVAC_6e
7 7 HVAC Cooling Have you ever: Installed new or added ceiling fans HVAC_7a HVAC_7b HVAC_7c HVAC_7e
9 9 HVAC Cooling Have you ever made: Any other improvements to your cooling equipment? (Specify) HVAC_9a HVAC_9b HVAC_9c HVAC_9e

10 10 HVAC Heating Have you ever: Installed high efficiency central heating equipment HVAC_10a HVAC_10b HVAC_10c HVAC_10e
11 11 HVAC Heating Have you ever: [ASK IF GAS HEAT] Installed electronic ignition for your furnace HVAC_11a HVAC_11b HVAC_11c HVAC_11e
12 12 HVAC Heating Have you ever made: Any other improvements to your heating equipment? (Specify) HVAC_12a HVAC_12b HVAC_12c HVAC_12e
13 13 Refrigeration Have you ever: Installed a high efficiency refrigerator Refr_13a Refr_13b Refr_13c Refr_13e
14 14 Refrigeration Have you ever: Removed or unplugged a 2nd refrigerator or freezer Refr_14a Refr_14b Refr_14c Refr_14e
15 15 Water heating Have you ever: Installed a high efficiency water heater Wate_15a Wate_15b Wate_15c Wate_15e
16 16 Water heating Have you ever: Insulated your water heater tank and pipes Wate_16a Wate_16b Wate_16c Wate_16e
17 17 Water heating Have you ever: Installed low-flow showerheads and faucet aerators Wate_17a Wate_17b Wate_17c Wate_17e
18 18 Water heating Have you ever: Installed heat traps on your water heater Wate_18a Wate_18b Wate_18c Wate_18e
19 19 Building shell Have you ever: Installed energy efficient, low-E, double-pane windows Buil_19a Buil_19b Buil_19c Buil_19e
20 20 Building shell Have you ever: Insulated and sealed-up leaky ducts Buil_20a Buil_20b Buil_20c Buil_20e
21 21 Building shell Have you ever: Installed new or added insulation to ceilings, walls, floors Buil_21a Buil_21b Buil_21c Buil_21e
22 22 Building shell Have you ever: Installed new or added weatherstripping or caulking around doors and windows Buil_22a Buil_22b Buil_22c Buil_22e
23 23 Building shell Have you ever: Installed exterior solar screens on windows Buil_23a Buil_23b Buil_23c Buil_23e
24 24 Building shell Have you ever: Installed a new roof Buil_24a Buil_24b Buil_24c Buil_24e

25 25 Building shell
Was the new roof made of 'reflective' roof or 'cool' roof materials?  (these are  light colored roofs designed to reduce the 
heat transfer into the home) WR_a Buil_25e

26 26 Appliances, clothes washer Have you ever: Installed high efficiency, front-loading clothes washer Appl_26a Appl_26b Appl_26c Appl_26e
27 27 Appliances, dishwasher Have you ever: Installed high efficiency dishwasher Appl_27a Appl_27b Appl_27c Appl_27e
28 28 Appliances, general Have you ever: Purchased any other high efficiency appliances? (Specify) Appl_28a Appl_28b Appl_28c Appl_28e
31 31 Hot Tub Have you ever: [if HTUB] Purchased a hot tub cover? Hot _31a Hot _31b Hot _31c Hot _31e
36 36 Pool Have you ever: [if POOL] Installed an energy efficient pool pump Pool_36a Pool_36b Pool_36c Pool_36e
39 39 General Have you ever: Purchased or installed any other high efficiency equipment that I have not mentioned yet? (Specify) Gene_39a Gene_39b Gene_39c Gene_39e

AX4: If you or someone else in your household has ever taken this action;
AX5: Approximately when you started taking this action (year or season+year);
AX6: Approximately how often you take this action (very regularly, somewhat regularly, whenever I remember, very infrequently):

AX7: Whether or not this action was recommended in the energy efficiency audit. not asked/not approporiate

[DON'T READ] [READ] [READ]
AX4. 
[YES/NO/DK]

AX5. Approximately when did you 
first take this action? [Categories 
listed in tab <AX2 Categories>

AX6. Approximately how often do 
you take this action (very regularly, 
somewhat regularly, whenever I 
remember, very infrequently)?

AX7. Was this recommended to you as 
part of your energy efficiency audit

AX8. On a scale of 0 to 10, where 0 is not 
influential at all and 10 is extremely influential, 
how influential was the energy efficiency audit 
recommendation in your decision to take this 
action?a b d c e

40 40 Appliances, general Do you: Avoid running major appliances, e.g. clothes washer, pool pumps, during peak times Appl_40a Appl_40b Appl_40d Appl_40c Appl_40e
41 41 Refrigeration Do you: Avoid opening refrigerator or freezer door unnecessarily Refr_41a Refr_41b Refr_41d Refr_41c Refr_41e
42 42 Refrigeration Do you: Regularly clean your refrigerator coils Refr_42a Refr_42b Refr_42d Refr_42c Refr_42e
43 43 Refrigeration Do you: Regularly defrost your freezer Refr_43a Refr_43b Refr_43d Refr_43c Refr_43e
44 44 Refrigeration Do you: Regularly maintain your refrigerator and freezer Refr_44a Refr_44b Refr_44d Refr_44c Refr_44e
45 45 Refrigeration Have you ever: Raised the temperature setting of your refrigerator and freezer Refr_45a Refr_45b Refr_45d Refr_45c Refr_45e
46 46 Refrigeration Have you ever: Replaced worn or damaged refrigerator/freezer door gaskets Refr_46a Refr_46b Refr_46d Refr_46c Refr_46e
47 47 HVAC Cooling Do you: [If   = 'CAC'] Perform annual maintenance or servicing of your Central Air Conditioner(s)? HVAC_47a HVAC_47b HVAC_47d HVAC_47c HVAC_47e
48 48 HVAC Cooling Do you: [If   = 'HP'] Perform annual maintenance or servicing of your Heat Pump(s)? HVAC_48a HVAC_48b HVAC_48d HVAC_48c HVAC_48e
49 49 HVAC Cooling Do you: [IF EVAP_COOL] Perform annual maintenance or servicing of your Evaporative Coolers?  HVAC_49a HVAC_49b HVAC_49d HVAC_49c HVAC_49e
50 50 HVAC Heating Do you: [If   = 'YES'] Perform annual maintenance or servicing of your Furnace? HVAC_50a HVAC_50b HVAC_50d HVAC_50c HVAC_50e
51 51 Pool Do you: [IF POOL]Run your pool pump less Pool_51a Pool_51b Pool_51d Pool_51c Pool_51e
52 52 Hot Tub Do you: [IF HTUB] Use your hot tub cover regularly Hot _52a Hot _52b Hot _52d Hot _52c Hot _52e
53 53 Hot Tub Have you ever: [IF HTUB] Lowered the temperature of your hot tub Hot _53a Hot _53b Hot _53d Hot _53c Hot _53e
54 54 HVAC Cooling Do you: Avoid cooling or heating unoccupied areas HVAC_54a HVAC_54b HVAC_54d HVAC_54c HVAC_54e
55 55 HVAC Heating Do you: Turn off furnace pilot light during the summer HVAC_55a HVAC_55b HVAC_55d HVAC_55c HVAC_55e
56 56 Lighting Do you: Regularly turn lights off when leaving rooms Ligh_56a Ligh_56b Ligh_56d Ligh_56c Ligh_56e
57 57 Water heater Do you: Conduct regular maintenance on your hot water heater Wate_57a Wate_57b Wate_57d Wate_57c Wate_57e
58 58 Water heater Have you ever: Lowered the temperature setting on your water heating system Wate_58a Wate_58b Wate_58d Wate_58c Wate_58e
59 59 Appliances, clothes dryer Do you: Regularly air dry clothes Appl_59a Appl_59b Appl_59d Appl_59c Appl_59e
60 60 Appliances, clothes dryer Do you: Regularly clean your clothes dryer lint filter Appl_60a Appl_60b Appl_60d Appl_60c Appl_60e
61 61 Appliances, clothes dryer Do you: Regularly dry full loads of clothes Appl_61a Appl_61b Appl_61d Appl_61c Appl_61e
62 62 Appliances, clothes dryer Do you: Regularly separate lightweight and heavy clothes to dry them Appl_62a Appl_62b Appl_62d Appl_62c Appl_62e
63 63 Water heating, clothes washer Do you: Regularly wash clothes in cold water Wate_63a Wate_63b Wate_63d Wate_63c Wate_63e
64 64 Water heating, clothes washer Do you: Regularly wash full loads of dishes Wate_64a Wate_64b Wate_64d Wate_64c Wate_64e
65 65 Water heating, dishwasher Do you: Regularly air dry dishes and use "Energy saver" cycle Wate_65a Wate_65b Wate_65d Wate_65c Wate_65e

Households like yours have made changes to improve their home's overall energy efficiency. We are trying to get a sense of what types of improvements you may have made to your house, when you first started making them, and whether or not any of these improvements were 
recommended to you as part of the energy efficiency audit you completed as part of the CSI program. I'm going to read to you a list of items households like yours have said they've done to improve the energy efficiency of their homes. For each item, please tell me:

OK. Now I'd like to talk about other types of regular actions people take around their home to use energy more efficiently. These are more behavioral in nature than the types of improvements we just discussed. I'm going to read a list and, for each action, please tell me:

AX1. [READ]
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measure              measureName Readable measurename Line to Skip from "Audit_measures" tab

                      Pool Contractor Incentive (SPIF - 2007) Installed a high efficiency pool pump Q36

                      Residential Condensor Coil Cleaning Resid SF CZ10 VintAll Had the condensor coil cleaned on  your AC System Q9

                      SPIF - 2006 Pool Contractor Incentive Installed a high efficiency pool pump Q36

                      SPIF - 2007 Pool Contractor Incentive Installed a high efficiency pool pump Q36

 A/C                  Res. Refr. Charge QI: Early Ret. Had the refrigerant charge tested or adjusted on your AC system Q9

 A/C                  Res. Refr. Charge QI: Repl. on Failure Had the refrigerant charge tested or adjusted on your AC system Q9

 A/C                  Res. Refr. Charge QI: Repl. on Failure CZ 6, 7 or 8 Had the refrigerant charge tested or adjusted on your AC system Q9

 A/C                   High Refrigerant Charge Adjustment (>= ±20% rated charge)  Resid SFCZ10 VinHad the refrigerant charge tested or adjusted on your AC system Q9

 A/C                  High Refrigerant Charge Adjustment (>= ±20% rated charge) Resid SF CZ10 VintHad the refrigerant charge tested or adjusted on your AC system Q9

 A/C                  Residential AC SEER 13 Early Ret. CZ 10, 14, or 15 Installed a high efficiency AC system Q6

 A/C                  Residential AC SEER 13 Early Ret. CZ 6, 7 or 8 Installed a high efficiency AC system Q6

 A/C                  Residential AC SEER 14 Early Ret. CZ 10, 14, or 15 Installed a high efficiency AC system Q6

 A/C                  Residential AC SEER 14 Early Ret. CZ 6, 7 or 8 Installed a high efficiency AC system Q6

 A/C                  Residential AC SEER 15 CZ 6, 7 or 8 Installed a high efficiency AC system Q6

 A/C                  Residential AC SEER 15 Early Ret. CZ 10, 14, or 15 Installed a high efficiency AC system Q6

 A/C                  Residential AC SEER 15 Early Ret. CZ 6, 7 or 8 Installed a high efficiency AC system Q6

 A/C                  Residential HP SEER 13 Early Ret. CZ 10, 14, or 15 Installed a high efficiency AC system Q6

 CEILING INSULATION   Attic Insulation Installed attic insulation Q21

 CLOTHES WASHER       Energy Star Clothes Washer - 3.5 cf (Res) purchased a high efficiency clothes washer Q26

 DISHWASHER           Dishwasher Energy Star (EF+0.65+) purchased a high efficiency dishwasher Q27

 DISHWASHER           Water Heating - Dishwasher - Energy Star  Tier I EF=0.62-0.67 purchased a high efficiency dishwasher Q27

 DISHWASHER           Water Heating - Dishwasher - Energy Star  Tier II EF=0.68+ purchased a high efficiency dishwasher Q27

 FREEZER              EE Freezer Recycling Retired a fridge or freezer from use and had it recycled Q14

 GAS FURNACE          Heating - Gas 92% AFUE Installed a high efficiency gas furnace Q10

 GAS WATER HEATER     Water Heating -High Energy Factor Unit - Gas Storage installed a high efficiency gas water heater Q15

 INDOOR LIGHTING      23 Watt Intergral CFL Installed Compact Fluorescent Lighting Q1

 INDOOR LIGHTING      LED Christmas Lights Installed efficient LED lights Q3

 INDOOR LIGHTING      Lighting - Torchiere - Energy Star (70 watt ) Turn-in Installed Efficient Torchiere lighting Q5

 POOL PUMP             Motor - High Efficiency Pool Pump and Motor Single Speed Installed a high efficiency pool pump Q36

 POOL PUMP            Motor - Pool Pump (two-speed) Installed a high efficiency motor for your pool pump Q36

 POOL PUMP            Pool Pump TImeclock Reset Agreement Reduced or change the hours of use for your pool pump to reduce enQ40

 POOL PUMP            Time - Clock Seasonal Reset  Agreement  (off-peak) Reduced or change the hours of use for your pool pump to reduce enQ40

 POOL PUMP            Time - Clock Seasonal Reset  Agreement  (peak) Reduced or change the hours of use for your pool pump to reduce enQ40

 REFRIGERATOR         EE Refrigerator Recycling Retired a fridge or freezer from use and had it recycled Q14

 REFRIGERATOR         Refrigerator - Energy Star (Retail) Installed a high efficiency refrigerator Q28

 REFRIGERATOR         Refrigerator - Energy Star(Retail) Installed a high efficiency refrigerator Q28

 ROOM AC              A/C - Room unit - Energy Star Installed a high efficiency Room Air conditioner Q9

 WALL INSULATION      Wall R-0 to R-13 Insulation Installed Wall Insulation Q21

 WHOLE HOUSE FAN      A/C - Whole-House Fan Installed a whole house fan Q7
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Categories:
1 2009
2 2008
3 2007
4 2006
5 Between 2000 and 2005
6 Between 1995 and 1999
7 Between 1985 and 1994
6 Before 1985
88 Refused
99 Don’t know
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measure Enduse Measure Name count newmeasure Line to skip from 
Measure Questions

A/C Other (User 
Entered Text String 
Description) (RES)

RESIDENTIAL A/C - CUSTOMER INCENTIVE 2 Installed High efficiency Air Conditioning 
Equipment

Q6

A/C Other (User 
Entered Text String 
Description) (RES)

RESIDENTIAL A/C - VENDOR PAYMENT 1 Installed High efficiency Air Conditioning 
Equipment

Q6

A/C Process Cooling 
(NON-RES)

EXTENDED AC FAN TIME DELAY - PSC - NO TAIL 2 Install Efficient AC Fan Control Device Q9

A/C Space Cooling 
(RES)

REFRIGERANT CHARGE AND AIRFLOW - (TEST IN & TEST OUT) 22 Had a Refrigerant Charge and Air-flow 
Test performed for your AC equipment

Q9

A/C Space Cooling 
(RES)

REFRIGERANT CHARGE AND AIRFLOW - FINAL TEST 7 Had a Refrigerant Charge and Air-flow 
Test performed for your AC equipment

Q9

A/C Space Cooling 
(RES)

REFRIGERANT CHARGE AND AIRFLOW - INITIAL TEST 30 Had a Refrigerant Charge and Air-flow 
Test performed for your AC equipment

Q9

A/C Space Cooling 
(RES)

SPLIT SYSTEM AC - TIER I - SEER 14-EER 12 1 Installed High efficiency Central Air 
Conditioning Equipment

Q6

A/C Space Cooling 
(RES)

VARIABLE SPEED MOTOR FAN FOR A/C - CZS 11, 12 & 13 108 Installed a High efficiency fan motor for 
your AC system

Q9

CEILING INSULATION Building Shell 
(RES)

CEILING (ATTIC) INSULATION VINTAGE TO R-30 190 Installed Ceiling Insulation Q21

CEILING INSULATION Building Shell 
(RES)

CEILING INSULATION, R0 TO R30 3 Installed Ceiling Insulation Q21

CLOTHES DRYER Clothes Dryer 
(RES)

NATURAL GAS CLOTHES DRYER 1 Purchased a high efficiency gas clothes 
dryer

Q28

CLOTHES WASHER Clothes Washer 
(RES)

HI EFF CL WSH L1=T-2, MEF=1.60 EF=8.5-T-3A MEF=1.80 EF= 7.5 1.5 2.65-3.5 CF 62 purchased a High efficiency clothes 
washer

Q26

CLOTHES WASHER Clothes Washer 
(RES)

HI EFF CLOTHES WASHER - LEVEL 1 - MEF >= 2.0 WF 4.6 - 6.0 200 purchased a High efficiency clothes 
washer

Q26

CLOTHES WASHER Clothes Washer 
(RES)

HI EFF CLOTHES WASHER - LEVEL 2 - MEF >= 2.2 WF <= 4.5 1201 purchased a High efficiency clothes 
washer

Q26

CLOTHES WASHER Clothes Washer 
(RES)

HI EFF CLOTHES WSHER LVL 2=T-3B MEF=1.8 EF=5.5 1.5 2.65 3.5 CF 424 purchased a High efficiency clothes 
washer

Q26

COOL ROOF Space Cooling 
(RES)

COOL ROOF LOW SLOPE 2 Installed an Energy Efficient Cool Roof Q24

COOL ROOF Space Cooling 
(RES)

COOL ROOF STEEP SLOPE TIER I 14 Installed an Energy Efficient Cool Roof Q24

DISHWASHER Dishwasher (NON-
RES)

HI EFF DISHWASHER LEVEL 1 - EF = 0.65 TO 0.67 1 Purchased a High Efficiency Dishwasher Q27

DISHWASHER Dishwasher (RES) HI EFF DISHWASHER LEVEL 1 - EF = 0.62 TO 0.67 96 Purchased a High Efficiency Dishwasher Q27

DISHWASHER Dishwasher (RES) HI EFF DISHWASHER LEVEL 1 - EF = 0.65 TO 0.67 147 Purchased a High Efficiency Dishwasher Q27

DISHWASHER Dishwasher (RES) HI EFF DISHWASHER LEVEL 2 - EF >= 0.68 353 Purchased a High Efficiency Dishwasher Q27

DUCT TEST Building Shell 
(RES)

DUCT TEST AND SEAL >= 2 TONS - (PRE-TEST ONLY) 2 Had your ducts tested and sealed Q20

DUCT TEST Building Shell 
(RES)

DUCT TEST AND SEAL >= 2 TONS - (TEST IN & TEST OUT) 5 Had your ducts tested and sealed Q20

DUCT TEST Building Shell 
(RES)

DUCT TEST ONLY 177 Had your ducts tested Q20

DUCT TEST Building Shell 
(RES)

TEST OUT SEAL - LEVEL I 151 Had your ducts tested Q20

DUCT TEST Building Shell 
(RES)

TEST OUT SEAL - LEVEL II 112 Had your ducts tested Q20

ELEC WATER HEATER Water Heating 
(RES)

HIGH EFF WTR HTR (ELECT) >.93 4 Installed a High Efficiency Water Heater Q15

EVAPORATIVE COOLER Space Cooling 
(RES)

LEVEL 1 - DUCTED EVAP. COOLER WITH PR DAMPER & TSTAT 1 installed an Evaporative Cooler Q6

EVAPORATIVE COOLER Space Cooling 
(RES)

LEVEL 1 - DUCTED EVAPORATIVE COOLER 3 installed an Evaporative Cooler Q6

EVAPORATIVE COOLER Space Cooling 
(RES)

LEVEL 1 - DUCTED EVAPORATIVE COOLER - DISTRIBUTOR INCENTIVE 1 installed an Evaporative Cooler Q6

FREEZER Freezers (RES) UNIT 1 - FREEZER 258 Retired a fridge from use and had it 
recycled

Q14

FREEZER Freezers (RES) UNIT 2 - FREEZER 32 Retired a fridge from use and had it 
recycled

Q14

GAS FURNACE Space Heating 
(RES)

CENTRAL NATURAL GAS FURNACE - 90% AFUE 5 Installed a High Efficiency Gas Furnace Q10

GAS FURNACE Space Heating 
(RES)

CENTRAL NATURAL GAS FURNACE - 92% AFUE 172 Installed a High Efficiency Gas Furnace Q10

GAS FURNACE Space Heating 
(RES)

CENTRAL NATURAL GAS FURNACE - 94% AFUE 205 Installed a High Efficiency Gas Furnace Q10

GAS WATER HEATER Water Heating 
(RES)

HIGH EFF WTR HTR (GAS) >=.62 60 Installed a High Efficiency Water Heater Q15

INDOOR LIGHTING Indoor Lighting 
(RES)

13 WATT INTEGRAL CFL >= 800 LUMENS 5 Installed Compact Fluorescent Lighting Q1

INDOOR LIGHTING Indoor Lighting 
(RES)

23 WATT INTEGRAL CFL 1 Installed Compact Fluorescent Lighting Q1

INDOOR LIGHTING Indoor Lighting 
(RES)

CFL 13 WATT 1 Installed Compact Fluorescent Lighting Q1

INDOOR LIGHTING Indoor Lighting 
(RES)

CFL INT INTEGRAL - 13 WATT < 800 LUMENS - SCREW-IN 3 Installed Compact Fluorescent Lighting Q1

INDOOR LIGHTING Indoor Lighting 
(RES)

CFL INT INTEGRAL - 15 WATT - SCREW-IN 1 Installed Compact Fluorescent Lighting Q1

INDOOR LIGHTING Indoor Lighting 
(RES)

CFL INT INTEGRAL - 20 WATT - SCREW-IN 10 Installed Compact Fluorescent Lighting Q1

INDOOR LIGHTING Indoor Lighting 
(RES)

CFL INT INTEGRAL - 23 WATT - SCREW-IN 2 Installed Compact Fluorescent Lighting Q1

INDOOR LIGHTING Indoor Lighting 
(RES)

CFL INT INTEGRAL - 25 WATT <1,600 LUMENS - SCREW-IN 4 Installed Compact Fluorescent Lighting Q1

INDOOR LIGHTING Indoor Lighting 
(RES)

CFL INT TORCHIERE - 55 WATT - PIN BASED 3 Installed a CFL Torchiere lighting fixture Q1

INDOOR LIGHTING Indoor Lighting 
(RES)

INTERIOR CF BULB - 15 WATT >= 800 LUMENS 8 Installed Compact Fluorescent Lighting Q1

INDOOR LIGHTING Indoor Lighting 
(RES)

INTERIOR CF BULB - 19 WATT >=1,100 LUMENS 4 Installed Compact Fluorescent Lighting Q1

INDOOR LIGHTING Indoor Lighting 
(RES)

INTERIOR CF BULB - 20 WATT >=1,100 LUMENS 9 Installed Compact Fluorescent Lighting Q1

INDOOR LIGHTING Indoor Lighting 
(RES)

INTERIOR CF BULB - 23 WATT >=1,600 LUMENS 5 Installed Compact Fluorescent Lighting Q1

INDOOR LIGHTING Indoor Lighting 
(RES)

MF - INTERIOR PIN-BASED HARDWIRE FIXTURES 4 Installed Compact Fluorescent Lighting Q1

INDOOR LIGHTING Indoor Lighting 
(RES)

MF - INTERIOR PIN-BASED HARDWIRE FIXTURES - COM 3 Installed Compact Fluorescent Lighting Q1
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INDOOR LIGHTING Indoor Lighting 
(RES)

MF-APT - ENERGY STAR INDOOR HARDWIRED FIXTURE - 30 WATT 2 Installed Compact Fluorescent Lighting Q1

INDOOR LIGHTING Indoor Lighting 
(RES)

MF-T-5 OR T-8 INT LAMPS W ELEC BALLASTS-4 FT 2 LAMPS - APT 1 Installed efficient fluorescent tube lighting Q2

INDOOR LIGHTING Indoor Lighting 
(RES)

MF-T-5 OR T-8 INT LAMPS W ELEC BALLASTS-4 FT 2 LAMPS - COM 1 Installed efficient fluorescent tube lighting Q2

INDOOR LIGHTING Indoor Lighting 
(RES)

MF-T-5 OR T-8 INT LAMPS W ELEC BALLASTS-4 FT 3 LAMPS - COM 1 Installed efficient fluorescent tube lighting Q2

INDOOR LIGHTING Indoor Lighting 
(RES)

MF-T-5 OR T-8 INT LAMPS W ELEC BALLASTS-4 FT 4 LAMPS - APT 1 Installed efficient fluorescent tube lighting Q2

INDOOR LIGHTING Indoor Lighting 
(RES)

MF-T-5 OR T-8 INT LAMPS W ELEC BALLASTS-4 FT 4 LAMPS - COM 1 Installed efficient fluorescent tube lighting Q2

INDOOR LIGHTING Indoor Lighting 
(RES)

TORCHIERE - 70 W TORCHIERE 5 Installed Efficient Torchiere lighting Q2

INDOOR LIGHTING Lighting (RES) 9 WATT INTEGRAL CFL 1 Installed Compact Fluorescent Lighting Q1
INDOOR LIGHTING Lighting (RES) CFL INT INTEGRAL - 18 WATT >= 1,100 LUMENS - SCREW-IN 1 Installed Compact Fluorescent Lighting Q1
OTHER WHOLE BUILDING Other - Whole 

Building (RES)
WHOLE HOUSE (15%) - SF - INLAND - ES 1

OUTDOOR LIGHTING Outdoor Lighting 
(RES)

70 W HPS YARD LIGHT W/PHOTOCELL 5 Installed efficient outdoor lighting with 
photocells

Q4

OUTDOOR LIGHTING Outdoor Lighting 
(RES)

70 W HPS YARD LIGHT W/PHOTOCELL - CUSTOMIZED 1 Installed efficient outdoor lighting with 
photocells

Q4

OUTDOOR LIGHTING Outdoor Lighting 
(RES)

MF - OUTDOOR PIN-BASED HARDWIRE FIXTURES 1 Installed outdoor CFL lighting Q1

OUTDOOR LIGHTING Outdoor Lighting 
(RES)

MF - OUTDOOR PIN-BASED HARDWIRE FIXTURES - COM 3 Installed outdoor CFL lighting Q1

OUTDOOR LIGHTING Outdoor Lighting 
(RES)

MF-APT - ENERGY STAR OUTDOOR HARDWIRED FIXTURE - 18 WATT 3 Installed outdoor CFL lighting Q1

POOL PUMP Pool Pump (RES) EFFICIENT 2-SPEED POOL MOTOR - CUSTOMER 12 Installed an Efficient Pool Pump Q36
POOL PUMP Pool Pump (RES) EFFICIENT 2-SPEED POOL MOTOR - RETAILER 7 Installed an Efficient Pool Pump Q36
POOL PUMP Pool Pump (RES) EFFICIENT 2-SPEED POOL PUMP AND MOTOR - CUSTOMER 77 Installed an Efficient Pool Pump Q36
POOL PUMP Pool Pump (RES) EFFICIENT 2-SPEED POOL PUMP AND MOTOR - RETAILER 4 Installed an Efficient Pool Pump Q36
POOL PUMP Pool Pump (RES) EFFICIENT 4-SPEED POOL PUMP AND MOTOR - CUSTOMER 2 Installed an Efficient Pool Pump Q36
POOL PUMP Pool Pump (RES) EFFICIENT 4-SPEED POOL PUMP AND MOTOR - RETAILER 1 Installed an Efficient Pool Pump Q36
POOL PUMP Pool Pump (RES) EFFICIENT SINGLE-SPEED POOL PUMP AND MOTOR 11 Installed an Efficient Pool Pump Q36
POOL PUMP Pool Pump (RES) EFFICIENT VARIABLE SPEED POOL PUMP AND MOTOR - CUSTOMER 200 Installed an Efficient Pool Pump Q36
POOL PUMP Pool Pump (RES) EFFICIENT VARIABLE SPEED POOL PUMP AND MOTOR - RETAILER 5 Installed an Efficient Pool Pump Q36
REFRIGERATOR Refrigeration 

(RES)
UNIT 1 - REFRIGERATOR 1094 Retired a fridge from use and had it 

recycled
Q14

REFRIGERATOR Refrigeration 
(RES)

UNIT 2 - REFRIGERATOR 89 Retired a fridge from use and had it 
recycled

Q14

ROOM AC Process Cooling 
(RES)

ROOM A/C RECYCLING 8

ROOM AC Space Cooling 
(RES)

ENERGY STAR ROOM A/C- 48 Installed an Energy Efficient Room AC Q9

ROOM AC Space Cooling 
(RES)

ROOM A/C RECYCLING 3

WALL INSULATION Building Shell 
(RES)

WALL INSULATION 96 Installed Wall Insulation Q21

WALL INSULATION Building Shell 
(RES)

WALL INSULATION VINTAGE TO R-13 1 Installed Wall Insulation Q21

WHOLE HOUSE FAN Space Cooling 
(RES)

WHOLE HOUSE FAN- 161 Installed a Whole House Fan Q7

WINDOWS Building Shell 
(RES)

HI EFF WINDOWS-NEW TECH = U-FAC - SHGC <= .3 2 Installed Energy Efficient Windows Q19
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CUSTOMER CHARACTERISTICS

H_1 How many square feet of heated or cooled floor area is your residence?
&sqft Enter square feet H_5

66 Residence does not have heating or cooling H_6
88 Refused H_3
99 Don’t know H_3

IF H_1 IN (88,99)
H_3 Can you identify the appropriate size range from the following list? 

1 < 1,500 sqft H_5
2 1,500 - 2,000 sqft H_5
3 Less than 2,000 sqft H_5
4 2,501 – 3,000 sqft H_5
5 3,001 - 4,000 sqft H_5
6 4,001 – 5,000 sqft H_5
7 Over 5,000 sqft H_5

88 Refused H_5
99 Don’t Know H_5

H_6 How many square feet of indor floor area, not counting garage, is your residence?
&sqft Enter square feet H_5

88 Refused H_5
99 Don’t know H_5

H_5
Is this residence occupied year-round, or part of the year only? [IF NEEDED For example, for vacation or seasonal 
use only.]

1 Year-round H_7
2 Part of the year H_5a

88 Refused H_7
99 Don’t know H_7

H_5a How many months per year?
&num Enter months per year that the residence is occupied H_7

88 Refused H_7
99 Don’t know H_7

H_7 How many people, including yourself, usually live in this home?
&num Record Number of People H_9

88 Refused H_9
99 Don’t know H_9

H_9 Which of the following categories best describes your combined pre-tax income for your household in 2009…
1 less than 35k OS_REC
2 35 to 71k OS_REC
3 72 to 141k OS_REC
4 142 to 248k OS_REC
5 248 to 318k OS_REC
6 More than 318k OS_REC

88 Refused OS_REC
99 Don't know OS_REC
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ONSITE SCHEDULING

ASK IF PV_OS_STRATA NOT MISSING

OS_REC
The CPUC is very interested in the energy using equipment and upgrades at your residence.  Would it be possible for an engineer to call you 
at a later time to discuss the changes you have recently made to your residence, or possibly schedule an in-person visit to your residence?

1 Yes OS_NAME1
2 No END

88 Refused END
99 Don't know END

OS_NAME1 May I please have your name so the engineer can call you at another time?

&NAME NAME OF PRIMARY CONTACT OS_PHONE1

88 Refused OS_PHONE1

99 Don't know OS_PHONE1

OS_PHONE1 May I also have the best phone number for the engineer to reach you?
&PHONE PHONE FOR PRIMARY CONTACT OS_NAME2

88 Refused OS_NAME2
99 Don't know OS_NAME2

OS_NAME2 Is there another person that the engineer might speak with, if you are not available?
&ALT_NAME NAME OF ALTERNATE OS_PHONE2

88 Refused END
99 Don't know END

OS_PHONE2 May I please have the best phone number for &ALTERNATE
&ALT_PHONE PHONE FOR ALTERNATE END

88 Refused END
99 Don't know END

END
Those are all the questions I have for you today, on behalf of the California Public Utilities Commission, thank you very much for your time 
and cooperation.
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INTRODUCTION AND FINDING CORRECT RESPONDENT

S_1

Hello, this is <INTERVIEWER NAME> calling from Itron on behalf of the California Public Utilities Commission. This is not a 
sales call.  May I please speak with the person most knowledgeable about recent changes in the energy-using appliances 
and equipment for your home

1 Yes, I am the best person S_3
2 Yes, let me get the most knowledgable person S_2

77 No, Other reason (specify) T&T
88 Refused T&T
99 Don’t know T&T

S_2

[IF MOST KNOWLEDGEABLE PERSON WILL NOT EVER BE AVAILABLE]
May I please speak with another person that is knowledgeable about recent changes in the energy-using appliances and 
equipment for your home?
[IF NEEDED] We’re calling to do a survey about your energy usage.  The purpose of the survey is to assess whether you 
are familiar with the California Solar Inititative program, and to gather some information about your energy use.  
[IF NEEDED] This is a very important fact-finding survey sponsored by the California Public Utilities Commission.  We are 
NOT interested in selling anything, and responses will not be connected with your household in any way.  The Commission 
wants to understand how residential customers think about and manage their energy consumption.

1 Will participate now S_3
2 Call back at another time (enter date/time) T&T
3 Other (enter disposition) T&T

88 Refusal to participate T&T

SCREENER

S_3 Do you have Solar Panels installed at this address?
1 Yes T&T
2 No AW0

88 Refused AW0
99 Don’t know AW0
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ENERGY EFFICIENCY REQUIREMENTS AND AWARENESS

AW0

Before this phone call, were you aware of the California Solar Initiative Program?  IF NEEDED: the
program run by the CPUC that provides rebates for the insallation of Solar Panels in California homes 
and businesses.

1 Yes AW1
2 No AW2

88 Refused AW2
99 Don't Know AW2

AW1 How did you first become aware of the California Solar Initiative or "California Solar Initiative" Program?
1 Respondent approached Solar Panel producer AW2
2 Respondent approached Solar Installation Contractor AW2
3 Respondent approached utility AW2
4 Informed by Utility Representative AW2
5 Informed by contractor/ESCO/A&E firm/other 3rd party AW2
6 Received a brochure in mail AW2
7 Bill insert AW2
8 Word-of-mouth from friends, family, co-workers AW2
9 Television, radio, newspaper ad AW2

10 Magazine or trade journal AW2
11 Participation in previous years AW2
12 Community organization such as Chamber of Commerce AW2
13 Respondent called their utility to complain about their electric or gas bill AW2
14 Seminar/Class at the Pacific Energy Center (PEC), Energy Resource Center (ERC) or Customer 

Technology Assessment Center (CTAC )
AW2

15 Seminar or Training Class sponsored by Utility AW2
16 Seminar or Training Class NOT sponsored by Utility AW2
77 Other (SPECIFY) AW2
88 Refused AW2
99 Don’t know AW2

AW2 Have you ever considered the installation of solar panels on your home?
1 Yes AW5
2 No AW3

88 Refused NC1
99 Don't Know AW3

AW3 Why haven't you considered installing Solar Panels on your home?
1 Initial cost, too expensive NC1
3 Don't use enough electricity to make it worthwhile (or long payback on investment) NC1
4 Don't know very much about solar NC1
5 Not enough  exposure to sun NC1
6 Not enough savings NC1
7 No access to financing NC1
8 not confident solar panels work NC1
9 Distrust of utilities NC1

77 Other (SPECIFY) NC1
88 Refused NC1
99 Don’t know NC1

AW5 What do you like about Solar Energy?
1 Reducing electric bills AW7
2 Protecting the environment / Clean energy AW7
3 To help offset anticipated future utility rate increases AW7

77 Other (specify) AW7
88 Refused AW7
99 Don’t know AW7

AW7 What is the primary reason you have not installed solar yet? 
1 Haven't had time NC1
2 Expect systems to get cheaper and better in the future NC1
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3 Not enough savings NC1
77 Other (SPECIFY) NC1
88 Refused NC1
99 Don’t know NC1

NC1
When was this residence constructed or had a major remodel that improved the thermal characteristics 
of your house?...Was it

1 2005-2009 AW7
2 2000-2004 AW7
3 1990s AW7
4 1980s AW7
5 1970s AW7
6 1960s AW7
7 1959 or earlier AW7

88 Refused AW7
99 Don't know AW7

AW7

An Energy Audit collects information about the characteristics of your home and your energy-using
appliances and equipment.  This information is used to provide you with energy saving 
recommendations.  An energy audit can be conducted by phone, mial, on-line at your utilities website, or
by a third party or service provider. Before this call today, were you aware that you can complete an 
Energy Efficiency Audit?

1 Yes AW8
2 No G1

88 Refused G1
99 Don’t know G1

AW8 Have you completed an Energy Efficiency Audit? 
1 Yes AW1
2 No AW8a

88 Refused G1
99 Don’t know G1

AW8a Why not?
77 Enter verbatim G1
88 Refused G1
99 Don’t know G1

AW1 In what year did you complete the Energy Efficiency Audit? 
1 2006 AW9
2 2007 AW9
3 2008 AW9
4 2009 AW9
5 Before 2006 AW9

88 Refused AW9
99 Don’t know AW9

AW9 Was this audit provided by &IOU, or by another organization?
1 &IOU provided the audit service AW10
2 A third party provided the audit service AW9a

88 Refused AW10
99 Don’t know AW10

AW9a Who provided the audit service?  
[IF NECESSARY] Do you recall the name of the company that provided your audit?

77 Verbatim AW10
88 Refused AW10
99 Don’t know AW10

AW10 What type of audit was completed for your residence?  (IF NEEDED: was the audit completed online, or 
through the phone, by mail or by an auditor that visited your facility in person?)

1 Online G1
2 Phone G1
3 Mail G1
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4 On-Site G1
5 CD-ROM G1

77 other (specify) G1
88 Refused G1
99 Don't know G1
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Appliances and Fuel Sources

G1 Do you have natural gas service at your residence? 
1 Yes G3
2 No G7

88 Refused G7
99 Don’t Know G7

G3 Do you have gas heating or electric heating in your home?
1 Gas Heating G4
2 Electric Heating G4

77 Other (specify) G4
88 Refused G7
99 Don’t Know G7

G4 Have you ever switched the fuel that you use to heat your home?
1 Yes G5
2 No G7

88 Refused G7
99 Don’t Know G7

G5 What fuel did you switch from most recently?
1 Electricity G7
2 Natural Gas G7

77 Other (specify) G7
99 Don't know G7
88 Refused G7

G7 Does your home have air conditioning?
1 Yes G9
2 No G11

88 Refused G11
99 Don’t Know G11

G9 Which of the following categories best describes the air conditioning system in your home? 
1 Central air conditioning (DO NOT READ: compressor, indoor system, outdoor system) G11
2 Central Heat Pump [If necessary: Heat pumps can provide heating and cooling.] [DO NOT READ: 

reverse cycle AC]  
G11

3 Evaporative Cooler G11
4 Window or wall unit or room air conditioner G11

77 Other (specify) G11
88 Refused G11
99 Don’t Know G11

G11 Do you have the use of a hot tub or spa at your home for which you pay for the energy usage?
1 Yes G13
2 No G19

88 Refused G19
99 Don’t Know G19

G13  What type of fuel do you use to heat the water for your hot tub or spa?
1 Natural gas G15
2 Electricity G15
3 Electric heat pump G15
4 Bottled gas (propane, butane, LP) G15
5 Solar G15
6 Other G15

88 Don't know G19
99 Refused G19

G15 Have you ever switched the fuel that you use to heat your hot tub or spa?
1 Yes G17
2 No G19

88 Refused G19
99 Don’t Know G19
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G17 What fuel did you switch from most recently?
1 Natural gas G19
2 Electricity G19
3 Electric heat pump G19
4 Bottled gas (propane, butane, LP) G19
5 Solar G19
6 Other G19

88 Don't know G19
99 Refused G19

G19 Do you have the use of a pool at your home for which you pay for the energy usage?
1 Yes G21
2 No Rebat_1a

88 Refused Rebat_1a
99 Don’t Know Rebat_1a

G21 What type of fuel do you use to heat the water for your POOL? 
1 Pool is not heated Rebat_1a
2 Natural gas only G23
3 Electricity only G23
4 Electric heat pump only G23
5 Bottled gas only (propane, butane, LP) G23
6 Solar heater (using solar collectors) G23
7 Other G23

99 Don't know Rebat_1a
88 Refused Rebat_1a

G23 Have you ever switched the fuel that you use to heat your POOL?
1 Yes G25
2 No Rebat_1a

88 Refused Rebat_1a
99 Don’t Know Rebat_1a

G25 What fuel did you switch from most recently?
1 Pool is not heated Rebat_1a
2 Natural gas only Rebat_1a
3 Electricity only Rebat_1a
4 Electric heat pump only Rebat_1a
5 Bottled gas only (propane, butane, LP) Rebat_1a
6 Solar heater (using solar collectors) Rebat_1a
7 Other Rebat_1a

99 Don't know Rebat_1a
88 Refused Rebat_1a
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AX1: If you or someone else in your household has ever made this improvement;
AX2: Approximately when the improvement was made (year only);
[IF COMPLETED AUDIT] AX3: Whether or not it was recommended in the energy efficiency audit.

ASK IF AX1 = 'YES' ASK IF AW8='YES'

AX1. [YES/NO/DK/Ref]

AX2. Approximately in 
what year was this 
improvement first made? 
[Categories listed in tab 
<AX2 Categories>]

AX3. Was this 
recommended to you 
as part of your energy 
efficiency audit? 
[YES/NO/DK/Ref]

a b c
Our records show 
you installed &MEAS1 through the &IOU &PROGRAM rebate program, is this correct? Rebat_1a Rebat_1b Rebat_1c
Our records show 
you installed &MEAS2 through the &IOU &PROGRAM rebate program, is this correct? Rebat_2a Rebat_2b Rebat_2c
Our records show 
you installed &MEAS3 through the &IOU &PROGRAM rebate program, is this correct? Rebat_3a Rebat_3b Rebat_3c

Have you ever: Installed compact fluorescent light bulbs or fixtures Ligh_1a Ligh_1b Ligh_1c
Have you ever: Installed other fluorescent fixtures Ligh_2a Ligh_2b Ligh_2c
Have you ever: Installed LED fixtures Ligh_3a Ligh_3b Ligh_3c
Have you ever: Installed photocells, occupancy or motion sensors Ligh_4a Ligh_4b Ligh_4c
Have you ever madeAny other improvements to your lighting fixtures? (Specify) Ligh_5a Ligh_5b Ligh_5c
Have you ever: [ASK IF CAC/HP] Installed high efficiency central air conditioning equipment? HVAC_6a HVAC_6b HVAC_6c
Have you ever: Installed new or added ceiling fans HVAC_7a HVAC_7b HVAC_7c
Have you ever madeAny other improvements to your cooling equipment? (Specify) HVAC_9a HVAC_9b HVAC_9c
Have you ever: Installed high efficiency central heating equipment HVAC_10a HVAC_10b HVAC_10c
Have you ever: [ASK IF GAS HEAT] Installed electronic ignition for your furnace HVAC_11a HVAC_11b HVAC_11c
Have you ever madeAny other improvements to your heating equipment? (Specify) HVAC_12a HVAC_12b HVAC_12c
Have you ever: Installed a high efficiency refrigerator Refr_13a Refr_13b Refr_13c
Have you ever: Removed or unplugged a 2nd refrigerator or freezer Refr_14a Refr_14b Refr_14c
Have you ever: Installed a high efficiency water heater Wate_15a Wate_15b Wate_15c
Have you ever: Insulated your water heater tank and pipes Wate_16a Wate_16b Wate_16c
Have you ever: Installed low-flow showerheads and faucet aerators Wate_17a Wate_17b Wate_17c
Have you ever: Installed heat traps on your water heater Wate_18a Wate_18b Wate_18c
Have you ever: Installed energy efficient, low-E, double-pane windows Buil_19a Buil_19b Buil_19c
Have you ever: Insulated and sealed-up leaky ducts Buil_20a Buil_20b Buil_20c
Have you ever: Installed new or added insulation to ceilings, walls, floors Buil_21a Buil_21b Buil_21c
Have you ever: Installed new or added weatherstripping or caulking around doors and windows Buil_22a Buil_22b Buil_22c
Have you ever: Installed exterior solar screens on windows Buil_23a Buil_23b Buil_23c
Have you ever: Installed a new roof Buil_24a Buil_24b Buil_24c

Was the new roof made of 'reflective' roof or 'cool' roof materials?  (these are  light colored 
roofs designed to reduce the heat transfer into the home) WR_a

Have you ever: Installed high efficiency, front-loading clothes washer Appl_26a Appl_26b Appl_26c
Have you ever: Installed high efficiency dishwasher Appl_27a Appl_27b Appl_27c
Have you ever: Purchased any other high efficiency appliances? (Specify) Appl_28a Appl_28b Appl_28c
Have you ever: [if HTUB] Purchased a hot tub cover? Hot _31a Hot _31b Hot _31c
Have you ever: [if POOL] Installed an energy efficient pool pump Pool_36a Pool_36b Pool_36c
Have you ever: Purchased or installed any other high efficiency equipment that I have not mentioned yet? (Spe Gene_39a Gene_39b Gene_39c

OK. Now I'd like to talk about other types of regular actions people take around their home to use energy more efficiently. These are more behavioral in nature than the types of improvements we just discussed. I'm 
going to read a list and, for each action, please tell me:

AX1. [READ]

Households like yours have made changes to improve their home's overall energy efficiency. We are trying to get a sense of what types of improvements you may have 
made to your house, and when you first started making them.  [IF COMPLETED AUDIT - We are interested to know whether or not any of these improvements were 
recommended to you as part of the energy efficiency audit you completed.] I'm going to read to you a list of items households like yours have said they've done to 
improve the energy efficiency of their homes. For each item, please tell me:
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AX4: If you or someone else in your household has ever taken this action;
AX5: Approximately when you started taking this action (year or season+year);
AX6: Approximately how often you take this action (very regularly, somewhat regularly, whenever I remember, very infrequently):
AX7: Whether or not this action was recommended in the energy efficiency audit.

ASK IF AX4 = 'YES' ASK IF AW8='YES'

[READ] [READ] AX4. [YES/NO/DK]

AX5. Approximately when 
did you first take this 
action? [Categories listed 
in tab <AX2 Categories>]

AX6. Approximately 
how often do you take 
this action (very 
regularly, somewhat 
regularly, whenever I 
remember, very 
infrequently)?

AX7. Was this 
recommended to you 
as part of your energy 
efficiency audit?

a b d c
Do you: Avoid running major appliances, e.g. clothes washer, pool pumps, during peak times Appl_40a Appl_40b Appl_40d Appl_40c
Do you: Avoid opening refrigerator or freezer door unnecessarily Refr_41a Refr_41b Refr_41d Refr_41c
Do you: Regularly clean your refrigerator coils Refr_42a Refr_42b Refr_42d Refr_42c
Do you: Regularly defrost your freezer Refr_43a Refr_43b Refr_43d Refr_43c
Do you: Regularly maintain your refrigerator and freezer Refr_44a Refr_44b Refr_44d Refr_44c
Have you ever: Raised the temperature setting of your refrigerator and freezer Refr_45a Refr_45b Refr_45d Refr_45c
Have you ever: Replaced worn or damaged refrigerator/freezer door gaskets Refr_46a Refr_46b Refr_46d Refr_46c
Do you: [If   = 'CAC'] Perform annual maintenance or servicing of your Central Air Conditioner(s)? HVAC_47a HVAC_47b HVAC_47d HVAC_47c
Do you: [If   = 'HP'] Perform annual maintenance or servicing of your Heat Pump(s)? HVAC_48a HVAC_48b HVAC_48d HVAC_48c
Do you: [IF EVAP_COOL] Perform annual maintenance or servicing of your Evaporative Coolers?  HVAC_49a HVAC_49b HVAC_49d HVAC_49c
Do you: [If   = 'YES'] Perform annual maintenance or servicing of your Furnace? HVAC_50a HVAC_50b HVAC_50d HVAC_50c
Do you: [IF POOL]Run your pool pump less Pool_51a Pool_51b Pool_51d Pool_51c
Do you: Use your hot tub cover regularly Hot _52a Hot _52b Hot _52d Hot _52c
Have you ever: Lowered the temperature of your hot tub Hot _53a Hot _53b Hot _53d Hot _53c
Do you: Avoid cooling or heating unoccupied areas HVAC_54a HVAC_54b HVAC_54d HVAC_54c
Do you: Turn off furnace pilot light during the summer HVAC_55a HVAC_55b HVAC_55d HVAC_55c
Do you: Regularly turn lights off when leaving rooms Ligh_56a Ligh_56b Ligh_56d Ligh_56c
Do you: Conduct regular maintenance on your hot water heater Wate_57a Wate_57b Wate_57d Wate_57c
Have you ever: Lowered the temperature setting on your water heating system Wate_58a Wate_58b Wate_58d Wate_58c
Do you: Regularly air dry clothes Appl_59a Appl_59b Appl_59d Appl_59c
Do you: Regularly clean your clothes dryer lint filter Appl_60a Appl_60b Appl_60d Appl_60c
Do you: Regularly dry full loads of clothes Appl_61a Appl_61b Appl_61d Appl_61c
Do you: Regularly separate lightweight and heavy clothes to dry them Appl_62a Appl_62b Appl_62d Appl_62c
Do you: Regularly wash clothes in cold water Wate_63a Wate_63b Wate_63d Wate_63c
Do you: Regularly wash full loads of dishes Wate_64a Wate_64b Wate_64d Wate_64c
Do you: Regularly air dry dishes and use "Energy saver" cycle Wate_65a Wate_65b Wate_65d Wate_65c
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Categories:
1 2009
2 2008
3 2007
4 2006
5 Between 2000 and 2005
6 Between 1995 and 1999
7 Between 1985 and 1994
6 Before 1985
88 Refused
99 Don’t know
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CUSTOMER CHARACTERISTICS

H_1 How many square feet of heated or cooled floor area is your residence?
# Enter square feet H_5

66 Residence does not have heating or cooling H_6
88 Refused H_3
99 Don’t know H_3

IF H_1 IN (88,99)
H_3 Can you identify the appropriate size range from the following list? 

1 < 1,500 sqft H_5
2 1,500 - 2,000 sqft H_5
3 Less than 2,000 sqft H_5
4 2,501 – 3,000 sqft H_5
5 3,001 - 4,000 sqft H_5
6 4,001 – 5,000 sqft H_5
7 Over 5,000 sqft H_5

88 Refused H_5
99 Don’t Know H_5

H_6 How many square feet of indor floor area, not counting garage, is your residence?
# Enter square feet H_5

88 Refused H_5
99 Don’t know H_5

H_5
Is this residence occupied year-round, or part of the year only? [IF NEEDED For example, for vacation 
or seasonal use only.]

1 Year-round H_7
2 Part of the year H_5a

88 Refused H_7
99 Don’t know H_7

H_5a How many months per year?
&num Enter months per year that the residence is occupied H_7

88 Refused H_7
99 Don’t know H_7

H_7 How many people, including yourself, usually live in this home?
&num Record Number of People H_9

88 Refused H_9
99 Don’t know H_9

H_9 Which of the following categories best describes your combined pre-tax income for your household in 2009…
1 less than 35k END
2 35 to 71k END
3 72 to 141k END
4 142 to 248k END
5 248 to 318k END
6 More than 318k END

88 Refused END
99 Don't know END
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INTRODUCTION AND FINDING CORRECT RESPONDENT

S_1

Hello, this is <INTERVIEWER NAME> calling from Itron on behalf of the California Public Utilities Commission. This is not a sales 
call.  May I please speak with &PROGRAM_CONTACT?  [IF NEEDED]: my understanding is that &PROGRAM_CONTACT is 
responsible for making energy-related decisions for your firm at &SERV_ADDR – may I please speak with him/her?

1 No, this person no longer works here S_3
2 No, this person is not available right now S_3
4 Yes S_5

77 No, Other reason (specify) S_3
88 Refused S_3
99 Don’t know S_3

S_3

[IF &PROGRAM_CONTACT WILL NOT EVER BE AVAILABLE]
May I please speak with the person most knowledgeable about recent changes of cooling, lighting, or other energy-related equipment for 
your firm at &SERV_ADDR.

[IF NEEDED] We’re calling to do a follow-up survey about your firm’s participation in the California Solar Initiative program.  The 
purpose of the survey is to assess how well the Energy Audit that was conducted as part of your solar project met the needs of your 
organization.  The survey will take about 15-20 minutes.
[IF NEEDED] This is a very important fact-finding survey among firms that have recently participated in Solar Energy Programs 
sponsored by the California Public Utilities Commission.  We are NOT interested in selling anything, and responses will not be 
connected with your firm in any way.  The Commission wants to understand how organizations like yours think about and manage their 
energy consumption.

77 There is no one here with information on that address/wrong address T&T
1 Address correct/Continue S_3 until you find appropriate contact person S_5

S_5

[IF &PROGRAM_CONTACT IS AVAILABLE]
Hello Mr/Mrs &PROGRAM_CONTACT, this is <INTERVIEWER NAME> calling from Itron on behalf of the California Public 
Utilities Commission. Our records show that you participated in the California Solar Iniative program on or about &SOLAR_DATE.  Is 
this correct?

[IF NEEDED] We’re calling to do a follow-up survey about your firm’s participation in the California Solar Initiative Program.

[IF NEEDED] This is a very important fact-finding survey among firms that have recently participated in a Solar program sponsored by 
the California Public Utilties Commission. We are NOT interested in selling anything, and responses will not be connected with your 
firm in any way.  The CPUC wants to understand how businesses think about and manage their energy consumption.

[IF NEEDED] SCE amd PG&E are cooperating on this important study, authorized by the California Public Utilities Commission, to 
better understand how businesses like yours think about and manage their energy consumption. Your input is very important to the 
utilities and to the Commission.

1 Yes, we participated in the program, and address is correct S_9
2 There is no one here with information on that address/wrong address T&T
3 Do not recall participating in the program T&T

SCREENER

Before we get started, let me verify a few items from our records:

S_9
Our records show your organization installed Solar Panels at the facility located at &ADDRESS through the California Solar Initiative 
Program on or around &SOLAR_DATE.  Is this correct?

1 Yes A_1
2 No S_11

88 Refused S_11
99 Don’t know S_11

S_11
It sounds like someone else at your location may be more familiar with your firms participation in California Solar Initiative Program?  IF 
YES: Can you tell me who that person might be?

1 Yes, it was probably [NEW CONTACT NAME] S_3
77 No T&T
88 Refused T&T
99 Don’t know T&T

       2009 CSI Impact Evaluation

Phone Survey Instruments B-49



ENERGY EFFICIENCY REQUIREMENTS AND AWARENESS

AW1 How did you first become aware of the California Solar Initiative Inititiative -or "California Solar Initiative" - Program?
1 Respondent approached Solar Panel producer AW3
2 Respondent approached Solar Installation Contractor AW3
3 Respondent approached utility AW3
4 Informed by Utility Representative AW3
5 Informed by contractor/ESCO/A&E firm/other 3rd party AW3
6 Received a brochure in mail AW3
7 Bill insert AW3
8 Word-of-mouth from friends, family, co-workers AW3
9 Television, radio, newspaper ad AW3

10 Magazine or trade journal AW3
11 Participation in previous years AW3
12 Community organization such as Chamber of Commerce AW3
13 Respondent called their utility to complain about their electric or gas bill AW3
14 Seminar/Class at the Pacific Energy Center (PEC), Energy Resource Center (ERC) or Customer Technology 

Assessment Center (CTAC )
AW3

15 Seminar or Training Class sponsored by Utility AW3
16 Seminar or Training Class NOT sponsored by Utility AW3
77 Other (SPECIFY) AW3
88 Refused AW3
99 Don’t know AW3

AW3 What was your organizations primary reason for installing Solar Panels through the California Solar Initiative program?
1 To identify ways to save energy AW4
3 To Save money on electric bills AW4
4 Because the program was sponsored by a utility AW4
5 Helping protect the environment AW4
6 Previous experience with other utility programs AW4
7 Recommended by utility account reps AW4
8 Recommended by contractors AW4
9 To get the current, higher rebate levels, before they fall AW4

77 Other (SPECIFY) AW4
88 Refused AW4
99 Don’t know AW4

AW4 Does your organization have a utility account representative?
1 Yes AW4a
2 No AW5

88 Refused AW5
99 Don’t know AW5

AW4a Did your utility account representative recommend the installation of Solar Panels?
1 Yes AW5
2 No AW5

88 Refused AW5
99 Don’t know AW5

AW5 On a scale of 0 to 10 how important were each of the following factors in the decision to install Solar Panels through the California Solar Initiative Program.  
AW5a Payback on the investment NC1
AW5b Concern over rising energy prices NC1
AW5c Meeting required energy codes or standards NC1
AW5d Concerns regarding global warming NC1
AW5e Concerns regarding environmental damage NC1
AW5f If AW4a="yes": Recommendation from your utility account representative NC1
AW5g Reducing U.S. depedence on foreign oil NC1

NC1 When was this facility first constructed?...Was it
1 2005-2009 NC3
2 2000-2004 AW7
3 1990s AW7
4 1980s AW7
5 1970s AW7
6 1960s AW7
7 1959 or earlier AW7

88 Refused AW7
99 Don't know AW7

NC3 By what percent - if at all - did the facility design exceed Title 24 energy efficiency requirements?
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&PCT Percent by which facility exceeded Title 24 efficiency requirements, enter zero if they did not exceed requirement H_1

88 Refused H_1
99 Don't know H_1

AW7

As part of participating the California Solar Initiative program, applicants are often required to complete an 
Energy Efficiency Audit.  The Audit is sometimes conducted on-line at &IOU's website, or by phone, or mail, or 
sometimes an &IOU representative will visit the facility in person to conduct the audit.  To complete the audit, 
information is collected about the facility and  energy using equipment, and then you receive energy saving 
recommendations.  Did your organization complete an Energy Efficiency Audit as part of participating in the 
California Solar Initiative program?

1 Yes AW_8
2 No AW11

88 Refused AW13
99 Don’t know AW13

If AW7="no" 

AW11

program, this audit may be used to fulfill the California Solar Initiative energy audit requirement.  Did your 
organization complete an energy efficiency audit within 3 years of completing the California Solar Initiative 
application?

1 Yes AW_8
2 No AW13

88 Refused AW13
99 Don’t know AW13

AW13
Before this phone call, were you aware that the completion of energy efficiency audits was a requirement of the 
California Solar Initiative program application process?

1 Yes AW14
2 No AW14

88 Refused AW14
99 Don’t know AW14

AW_7A Was this audit provided by &IOU, or by another organization?
1 &IOU provided the audit service AW_8
2 Online Self-Audit Tool provided by &IOU REMOVE
3 A third party provided the audit service AW_8 REPLACED WITH 

AW_8A below
88 Refused AW_8
99 Don’t know AW_8

AW_8 What type of audit was completed for your facility?  (IF NEEDED: was the audit completed online, or through the 
phone, by mail or by an auditor that visited your facility in person?)

1 Online AW_8a
2 Phone AW_8a
3 Mail AW_8a
4 On-Site AW_8a
5 CD-ROM AW_8a

77 other (specify) AW_8a
88 Refused AW_8a
99 Don't know AW_8a

AW_8a Was the ...&AW_8… Energy Efficiency Audit sponsored by &IOU?  Or, by another firm or energy services 
provider?

1 Sponsored or Provided by &IOU AW_9
2 Sponsored or Provided by another firm or energy services provider AW_9

77 Other (SPECIFY) AW_9
88 Refused AW_9
99 Don't know AW_9

ASK if AW_8 in (online, mail, CD-ROM)
AW_9 The ...&AW_8... energy efficiency audit requires entering information about the facility into audit forms.  Who 

filled out your organization's ...&AW_8... energy audit forms?
2 Filled it out myself AW14
3 Another member of my organization filled it out AW14
4 The Solar Contractor filled it out for us AW14

77 Other (SPECIFY) AW14
88 Refused AW14
99 Don't know AW14
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AW14 Were costs and benefits of energy efficiency investments suited to your facility made clear to you during the Solar 
Program application process?

1 Yes AW14A
2 No AW14A

88 Refused AW15
99 Don't know AW15

AW14A Why do you say that?
77 Other SPECIFY AW15
88 Refused AW15
99 Don't know AW15

AW15

The CPUC is interested in how customers perceive the energy efficiency audit requirement.  In your opinion, why 
do you think the CPUC would require energy efficiency audits as part of the California Solar Initiative program 
application process?

2 Record Verbatim H_1
88 Refused H_1
99 Don’t know H_1
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CUSTOMER CHARACTERISTICS, 

The remainder of this survey will refer to your “FACILITY,” which means ALL of the buildings and tenants 
serviced by &IOU under the following billing address: &ADDRESS.

H_1 How many square feet of heated or cooled floor area is your facility (excluding enclosed parking areea)?
77 Square feet H_5
88 Refused H_3
99 Don’t know H_3

IF H_1 IN (88,99)
H_3 Can you identify the appropriate size range from the following list?

1 < 1,500 sqft H_5
2 1,500 - 5,000 sqft H_5
3 5,000 - 10,000 sqft H_5
4 10,000 – 25,000 sqft H_5
5 25,000 – 50,000 sqft H_5
6 50,000 – 75,000 sqft H_5
7 75,000 – 100,000 sqft H_5
8 > 100,000 sqft LF_1

88 Refused H_5
99 Don’t Know H_5

H_5 If the premise has an enclosed parking garage, approximately what is the floor area?
77 Square feet H_7
88 Refused H_7
99 Don’t know H_7

H_7 How many buildings are part of this premise?
77 Number of Building on Premise H_9
88 Refused H_9
99 Don’t know H_9

H_9 Does your business own, lease or manage the facility?
1 Own H_15
2 Lease/Rent H_13
3 Manage H_11

88 Refused H_15
99 Don’t Know H_15

ASK IF H_9 =3 (MANAGE)
H_11 Does your company pay the electric and/or gas utility bill?

1 Yes H_15
2 No H_15

88 Refused H_15
99 Don’t know H_15

ASK IF CC4=2 (LEASE/RENT)

H_13
Which of the following best describes how your organization pays the electric and/or gas utility bill for your space 
at this facility? [READ

1 You pay &UTILITY directly H_15
2 You pay a fee to your landlord that varies according to the size of the total utility bill H_15
3 You pay a fixed fee to your landlord H_15
4 You do not pay for electric and gas utilities H_15

77 OTHER (Specify) H_15
88 Refused H_15
99 Don't know H_15

H_15
How active a role does your organization take in making lighting and climate control equipment purchase decisions
at &ADDRESS?   [READ LIST.]

1 Very active – involved in all phases and have veto power    H_17
2 Somewhat active – we approve decisions and provide some input and review H_17
3 Slightly active – we have a voice but it’s not the dominant voice   H_17
4 Not active at all – we’re part of a larger firm or organization H_17
5 Or, not active at all – our organization doesn’t get involved in these issues H_17

88 Refused H_17
99 Don't know H_17

H_17 What is the main business ACTIVITY at your facility?
1 Office H_19
2 Retail (non-food) H_19
3 College/University H_19
4 School H_19
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5 Grocery Store H_19
6 Restaurant H_19
7 Health Care H_19
8 Hospital H_19
9 Hotel or Motel H_19

10 Warehouse H_19
11 Construction H_19
12 Community Service/Church/Temple/ Municipality H_19
13 Industrial Process/ Manufacturing/ Assembly H_19
14 Condo Assoc./Apartment Mgr. H_19
15 Other (Please specify) H_19
88 Refused H_19
99 Don’t Know H_19

H_19
Approximately how many people are currently working at the facility, including individuals either full- or part-tim
(IF DON'T KNOW ASK FOR BEST GUESS)

&NUM Number of people H_21
88 Refused H_21
99 Don't know H_21

H_21 How many locations does your organization have?
1 1 H_23
2 2 to 4 H_23
3 5 to 10 H_23
4 11 to 25 H_23
5 Over 25 H_23

88 Refused H_23
99 Don't know H_23

H_23  What year was this business established at this location?
%yr year business established at this location LF_1

88 Refused LF_1
99 Don't know LF_1
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CUSTOMER CHARACTERISTICS, 
ASK if H_1 greater than or equal to 100,000 or H_3 =8 AND NC1 NOT EQUAL TO 1 (NEW 
CONSTRUCTION); ELSE SKIP TO ST1

LF_1

Was your facility "benchmarked" as part of the California Solar Initiative application process? (IF 
NEEDED: Benchmarking is a way to compare your facilities energy consumption to an efficiency 
standard, and sometime is conducted with a tool called "Portfolio Manager")

1 Yes LF_2
2 No LF_5

88 Refused LF_5
99 Don’t know LF_5

LF_2 Who performed the benchmarking?  
1 Certified Energy Plans Examiner (CEPE) LF_3
2 Professional Engineer (PE) LF_3
3 Building Facilities Manager LF_3
4 Solar Contractor/Installer LF_3

77 Other (SPECIFY) LF_3
88 Refused LF_3
99 Don't know LF_3

LF_3 What was your facility's benchmark score?
&NUM Score LF_5

88 Refused LF_5
99 Don’t know LF_5

LF_5 Over the past 5 years, has a Retro-Comissioning assessment been performed at the facility?
1 Yes LF_7
2 No ST_1

88 Refused ST_1
99 Don’t know ST_1

LF_7 In what year was the Retro-Commissioning performed?
1 2005 LF_9
2 2006 LF_9
3 2007 LF_9
4 2008 LF_9
5 2009 LF_9

88 Refused LF_9
99 Don't know LF_9

ASK IF California Solar Initiative_DATE  in 2009

LF_9
Was this retro-commissioning report required as part of the California Solar Initiative application 
process?

1 Yes ST_1
2 No ST_1

88 Refused ST_1
99 Don’t know ST_1
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Customer Satisfaction with Key Program and Performance Elements

The CPUC is interested in how customers feel about the program, to help make 
improvements in the proces.  Next, I'd like to ask you about your satisfaction with 
various aspects of the California Solar Initiative program and program equipment.  

ST1
On a scale of 0 to 10, where 0 is completely unsatisfied and 10 is completely 
satisfied, how satisfied are you with the California Solar Initiative program?

77 Rating from 0 to 10 ST3
88 Refused ST5
99 Don’t Know ST5

ST3 Why do you say that
77 Record Verbatim ST5
88 Refused ST5
99 Don’t Know ST5

ST5
On the same scale 0 to 10 scale, how satisfied are you with the performance of your
installation contractor?

77 Rating from 0 to 10 ST7
88 Refused ST9
99 Don’t Know ST9

ST7 Why do you say that
77 Record Verbatim ST9
88 Refused ST9
99 Don’t Know ST9

ST9

On the same scale,  how satisfied are you with the performance of your Solar
Panels? (IF NEEDED: where 0 is completely unsatisfied and 10 is completely 
satisfied)

77 Rating from 0 to 10 ST11
88 Refused ST13
99 Don’t Know ST13

ST11 Why do you say that
77 Record Verbatim ST13
88 Refused ST13
99 Don’t Know ST13

ST13
Would you recommend participating in the California Solar Initiative program to
business associates, friends or family?

1 Yes ST15
2 No ST15

88 Refused ST17
99 Don’t know ST17

ST15
Why would/wouldn't you recommend the California Solar Initiative program to
business associates, friends or family?

77 Record Verbatim ST17
88 Refused ST17
99 Don’t Know ST17

ST17
Does your organization perform regular maintenance on the solar panels to ensure
optimal performance?

1 Yes ST19
2 No ST23
3 No, System Owner / PPA provider performs maintenance ST23

88 Refused ST23
99 Don’t Know ST23
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ST19 What types of regular maintenance is performed on your solar panels?
1 Clean Panels ST21
2 Insert a list of other typical maintenance (HELP FROM SB OR OTHERS?) ST21

77 Other (specify) ST21
88 Refused ST21
99 Don’t Know ST21

ST21
Does your organizaiton have a maintenance contract with a professional service
company to perform regular panel maintenance?

1 Yes ST22
2 No ST22

88 Refused ST22
99 Don’t Know ST22

ST22 How often is maintenance performed on the solar panels at your facility?
1 Annually ST23
2 half-yearly ST23
3 1-4 times per year ST23
4 more than 4 times per year. ST23

88 Refused ST23
99 Don’t Know ST23

ASK IF EPBB; ELSE SKIP TO Z1

ST23

Did your solar contractor discuss the costs and benefits of a 'performance 
monitoring service' that would collect data and make reports regarding the energy 
output of your panels? 

1 Yes ST27
2 No ST25

88 Refused ST25
99 Don’t Know ST25

ST25
Before this call were you aware that performance monitoring services are available
for a fee?

1 Yes ST27
2 No Z1

88 Refused Z1
99 Don’t Know Z1

ST27 Does your organization receive this type a performance monitoring service?
1 Yes ST29
2 No ST28

88 Refused Z1
99 Don’t Know Z1

ST28
Does your organization have in-house tools or software to monitor the performance
of your Panels?

1 Yes ST35a
2 No Z1

88 Refused Z1
99 Don’t Know Z1

ST35a
Over the past year, how many repairs or maintenance activities resulted from issues
identified with these in-house monitoring tools?

&Num Number Z1
88 Refused Z1
99 Don’t Know Z1

ST29 Which company provides  performance monitoring service for your organization?
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77 Insert pre-codes later and include an "other" category ST31
88 Refused ST31
99 Don’t Know ST31

ST31

On a scale of 0 to 10 where 0 in completely dissatisfied and 10 is extremely
satisfied, how satisfied are you with the performance monitoring services your 
organization has received?

77 Rating from 0 to 10 ST33
88 Refused ST35
99 Don’t Know ST35

ST33 Why do you say that?
77 Record Verbatim ST35
88 Refused ST35
99 Don’t Know ST35

ST35
Over the past year, how many repairs or maintenance activities resulted from issues
identified with performance monitoring data?

&Num Number Z1
88 Refused Z1
99 Don’t Know Z1
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Solar System Sizing

Z1 On a scale of 0 to 10, how satisfied are you with the size of the system that you selected?
77 Rating from 1 to 10 Z3
88 Refused Z5
99 Don’t Know Z5

Z3 Why do you say that
77 Record Verbatim Z5
88 Refused Z5
99 Don’t Know Z5

Z5 What factors did you consider when selecting the size of your new solar power generation system?   
1 Current consumption Z7
2 Plans for growth Z7
3 Daily electricity demand profiles for the facility Z7
4 Available capital/Budget considerations Z7
5 Changes in schedule of operating for energy using equipment Z7

77 Other Z7
88 Refused Z7
99 Don’t Know Z7

ASK IF CUSTOMER OFFERS MORE THAN ONE FACTOR…
Z7 Which of these factors was most important in determining the size of your new solar system?

1 Current consumption Z9
2 Plans for growth Z9
3 Daily electricity demand profiles for the facility Z9
4 Available capital/Budget considerations Z9
5 Changes in schedule of operating for energy using equipment Z9

77 Other Z9
88 Refused Z9
99 Don’t Know Z9

Z9 Ultimately, how did you decide what size system to install?
77 Record Verbatim Z11
88 Refused Z11
99 Don’t Know Z11

Z11
Did your solar contractor discuss the possibility of making energy efficient changes to your facility that would allow for a 
smaller solar system installation?

1 Yes Z13
2 No Z11a

88 Refused Z11a
99 Don’t Know Z11a

Z13 What changes did your contractor discuss with you?
77 Record Verbatim Z11a
88 Refused Z11a
99 Don’t Know Z11a

ASK IF AW_4="YES"; ELSE SKIP TO P1

Z11a
Did your utility account representative discuss the possibility of making energy efficient changes to your facility that would 
allow for a smaller solar system installation?

1 Yes Z13a
2 No P1

88 Refused P1
99 Don’t Know P1

Z13a What changes did your utility account representative discuss with you?
77 Record Verbatim P1
88 Refused P1
99 Don’t Know P1
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CUSTOMER ATTITUDE
ASK ALL

P1
In marketing materials or in communications with customers, does your organization highlight the ways in which it is 
environmentally conscious?

1 Yes P3
2 No P3

77 Other (Specify) P3
88 Refused P3
99 Don't know P3

P3 How important are environmentally conscious business decisions to your organization's success ?  Would you say….
1 Very important P5
2 Somewhat important P5 REMOVE
3 Not at all important P5

88 Refused P5
99 Don't know P5

P5
Has your organization assigned responsibility for controlling energy usage and costs to any of the
following? [READ LIST]

1 An in-house staff person P7
2 a group of staff P7
3 an outside contractor P7
4 No P7

88 Refused P7
99 Don't know P7

P7

Has your organization developed a specification policy for the selection of energy-efficient
equipment? (EXAMPLES: REQUIREMENT THAT ALL NEW FLUORESCENT LIGHTING
SYSTEMS USE ELECTRONIC BALLASTS, OR THAT ALL NEW MOTORS BE PREMIUM
EFFICIENCY.) 

1 Yes P9
2 No P9

88 Refused P9
99 Don't know P9

P9
What investment criterion, if any, does your firm use when applying investment analysis to energy efficient 
equipment selection? [ACCEPT ONLY ONE. PROMPT IF NECESSARY]

1 Payback period P11
2 Internal rate of return P11
3 Life-cycle cost analysis P11

77 Other (specify) P11
78 No criteria used P11
88 Refused P11
99 Don't know P11

P11
Thinking in terms of project payback, what is the payback period that your organization
typically requires to approve energy efficiency investments? 

&num Number of years P13
88 Refused P13
99 Don't know P13

P13
In what ways, if any, has the installation of solar equipment changed your organization's approach to evaluating energy efficient 
investment opportunities? 

77 Record Verbatim P15
88 Refused P15
99 Don't know P15

P15

What do you estimate is the maximum percentage by which your facility’s total annual
electricity consumption could be reduced by implementing all cost-effective energy-efficiency
opportunities? [NOTE THAT THIS PERCENTAGE IS OF SAVINGS THAT COULD BE
REALIZED BY DOING ALL POSSIBLE COST-EFFECTIVE ENERGY-RELATED PROJECTS
BEYOND THOSE PREVIOUSLY IMPLEMENTED.]

&PCNT Percentage P17
88 Refused P17
99 Don't know P17

P17 And using the same 0 to 10 scale, how would you rate your organization’s knowledge of energy savings opportunities for lighting?
# Rating 0 to 10 P19

88 Refused P19
99 Don't know P19

P19
And using the same 1 to 10 scale, how would you rate your organization’s knowledge of energy savings opportunities for HVAC
systems?

# Rating 1 to 10 P21
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88 Refused P21
99 Don't know P21

P21 How knowledgable is your organization on other energy savings opportunities?
# Rating 1 to 10 P23

88 Refused P23
99 Don't know P23

ASK IF AW7=YES OR AW11=YES; ELSE SKIP TO LE_1

The intention of the Audit is to inform customers of the benefits of energy efficient technologies, and recommend those that are 
most appropriate to their facility.  Thinking about this goal, please tell me how much the audit accomplished in the following areas:

P23
How much did the Audit improve your knowledge of the energy efficient technologies that would benefit your business… Would 
you say your knowledge improved…

1 A lot P25
2 Somewhat or, P25
3 Not at all P25

88 Refused P25
99 Don't know P25

P25
How much more confident are you about the energy savings you can expect to gain through energy efficient equipment?  Did the 
Audit increase your confidence…

1 A lot LE_1
2 Somewhat, or LE_1
3 Not at all LE_1

88 Refused LE_1
99 Don't know LE_1
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LIGHTING EQUIPMENT BATTERY

In the next section we’ll be discussing the lighting systems at your facility.

LE_1

What are the primary types of lighting used at your facility? [DO NOT READ, BUT PROBE TO GET SPECIFIC CATEGORIES;
RECORD MULTIPLE MENTIONS BY RESPONDENT, AND SAY "ANY OTHERS" UNTIL UP TO FOUR HAVE BEEN 
MENTIONED]

1 High Performance T8 LE_3
2 T8 fluorescent fixtures (1” diameter bulbs) LE_3
3 T10 fluorescent fixtures LE_3
4 T12 Fixtures (1.5” diameter bulbs) LE_3
5 HID (High Density Discharge) Fixtures, Compact LE_5
6 Compact Fluorescent, Screw-in Modular LE_7
7 Compact Fluorescent, Hardwire LE_7
8 Incandescent LE_7
9 Other Fluorescent LE_7

10 Fat/Thick Tubes LE_3
11 Skinny/Thin Tubes LE_3
12 T5 Fixtures (5/8” diameter) LE_3
77 Other (PLEASE SPECIFY) LE_7
88 Refused LE_7
99 Don't know LE_7

If Linear Fluorescent (LE_1 in 1,2,3,4,9,10,11,12)
LE_3 Are the ballasts electronic or magnetic?

1 Electronic ballasts LE_7
2 Magnetic ballasts LE_7

88 Refused LE_7
99 Don't know LE_7

ASK IF LE_1=5
LE_5 Are the HID lamps High Pressure Sodium, Metal Halide, Mercury Vaper or Incandescent?

1 High pressure sodium LE_7
2 Metal Halide LE_7
3 Mercury Vaper LE_7
4 Incandenscent LE_7

88 Refused LE_7
99 Don't know LE_7

LE_7 How old is the lighting equipment currently in use at your facility? Would you say…
1 Less than 5 years old LX_1
2 Between 5 and 10 years old LX_1
3 Between 10 and 15 years old LX_1
4 More than 15 years old LX_1

88 Refused LX_1
99 Don't know LX_1

Comment

One way that businesses can reduce their energy use is to install more energy efficient equipment.  Since one of the factors that 
influences energy use is the kind of equipment a business has, we would like to ask you about lighting equipment purchases you have 
made since January 2006. LX_1

If EXP_LT_TECH1 not equal to "-" then ask LX_1; else skip to L_1
For up to 3 Rebated Measures ASK LX_1 THROUGH LX_11:

LX_1 Our records indicate that your company installed a &EXP_LT_TECH1 through the &REB_PROGRAM program, is this correct?
1 Yes LX_3
2 No L_1

88 Refused L_1
99 Don't know L_1

ASK IF (AW7= YES OR AW11=YES) AND
 IF &REBATE_DATE BEFORE &California Solar Initiative_DATE; OR REBATE_DATE WITHIN 1 YEAR OF &California 
Solar Initiative_DATE; ELSE SKIP TO LX_5

LX_3
Was the &EXP_LT_TECH1 installed before or after your organization completed the energy efficiency audit required by the California 
Solar Initiative program?

1 Lighting installed Before Audit was Completed LX_9
2 Lighting installed After Audit was Completed LX_5

88 Refused LX_5
99 Don’t know LX_5

LX_5
Was the &EXP_LT_TECH1 one of the recommendations in the Energy Efficiency Audit completed as part of the California Solar 
Initiative application?

1 Yes LX_7
2 No LX_7

88 Refused LX_7
99 Don’t know LX_7

ASK IF LX_3=2 AND &REBATE_DATE WITHIN 1 YEAR OF &California Solar Initiative_DATE; 

LX_7
Was the &EXP_LT_TECH1 installed before or after your organization installed Solar Panels through the California Solar Initiative 
program?

1 Lighting installed before Solar Panels LX_9
2 Lighting installed after Solar Panels LX_11

88 Refused LX_9
99 Don’t know LX_9

LX_9 Did the installation of &LIGHT_TECH1 have an effect on the size of the solar system selected for your facility? 
1 Yes, increased the size selected LX_11
2 Yes, reduced the size selected LX_11
3 No LX_11

       2009 CSI Impact Evaluation

Phone Survey Instruments B-67



88 Refused LX_11
99 Don’t know LX_11

ASK IF LX_3 = 2 AND (AW7=YES OR AW11=YES)

LX_11
On a scale of 0-10, with 0 being *NOT* Influential and 10 being *VERY* Influential, how much did the energy efficiency audit 
influence you to install &LIGHT_TECH1?

# Rating from 0 to 10 LI34
88 Refused LI34
99 Don't know LI34

END REBATED MEASURE LOOP
READ COMMENT IF Express Lighting Participant

Comment
Thank you for discussing the new lighting equipment that you installed through the &IOU Rebate Program.  Next, I would like to discuss 
any other lighting equipment you might have installed since January 2006… L_1

L_1
Since January 2006, have you made any changes in indoor lighting equipment at &ADDRESS other than the routine replacement of 
burned out bulbs? This would include changes to fixtures or ballasts, and the addition of reflectors or lighting controls.

1 Yes L_3
2 No CE_1

88 Refused CE_1
99 Don't know CE_1

L_3

What type of fixtures, ballasts or lighting controls were installed as part of this lighting retrofit? [SELECT ALL THAT APPLY, AFTER 
EACH RESPONSE, PROMPT WITH,] Did you install any other reflectors, lighting controls, or lighting fixtures since January 2003?” [ 
SELECT ALL THAT APPLY ] [DO NOT READ] LTECH_1B

1 High performance T8 fluorescent fixtures (1” diameter bulbs) Fixtures LI14
2 T8 fluorescent fixtures (1” diameter bulbs) Fixtures LI14
3 T10 fluorescent fixtures Fixtures LI14
4 T12 Fixtures (1.5” diameter bulbs) Fixtures LI14
5 HID (High Density Discharge) Fixtures, Compact Fixtures LI17
6 Compact Fluorescent, Screw-in Modular Lamps LI18
7 Compact Fluorescent, Hardwire Lamps LI18
8 Incandescent Lamps LI18
9 Exit Signs, Compact Fluorescent Fixtures LI18

10 Exit Signs, LED Fixtures LI18
11 Halogen Fixtures LI18
12 Install Reflectors Reflectors LI18
13 Electronic Ballast Ballasts LI18
14 Magnetic Ballast Ballasts LI18
15 Lighting Controls, Time Clock Timers LI18
16 Lighting Controls, Occupancy Sensor Sensors LI18
17 Lighting Controls, Bypass/Delay Timers Timers LI18
18 Lighting Controls, Photocell Photocells LI18
19 Other Fluorescent Fixtures LI14
20 Fat/Thick Tubes Fixtures LI14
21 Skinny/Thin Tubes Fixtures LI14
22 T5 Fixtures (5/8” diameter) Fixtures LI14
77 Other (PLEASE SPECIFY) - LI18

FOR EACH LIGHTING TECHNOLOGY MENTIONED LOOP THROUGH L_5 TO L_31
L_5 In what year did you install LIGHT_TECH1? (PROBE FOR BEST GUESS)

1 2006 L_7
2 2007 L_7
3 2008 L_7
4 2009 L_7

88 Refused L_7
99 Don't know L_7

ASK IF(AW7=YES OR AW11=YES) AND
IF L_5 IS RF/DK OR IS LESS THAN OR EQUAL TO YEAR OF &California Solar Initiative_DATE; ELSE SKIP TO L_9

L_7
Was the &LIGHT_TECH1 installed before or after your organization completed the energy efficiency audit t required by the California 
Solar Initiative program application?

1 Lighting installed Before Audit was Completed L_13
2 Lighting installed After Audit was Completed L_9

88 Refused L_9
99 Don’t know L_9

L_9
Was the &LIGHT_TECH1 one of the recommendations in the Energy Efficiency Audit completed as part of the California Solar 
Initiative application?

1 Yes L_11
2 No L_11

88 Refused L_11
99 Don’t know L_11

ASK IF L_7 in (2,88,99); ELSE SKIP to L_15

L_11
Was the &LIGHT_TECH1 installed before or after your organization installed Solar Panels through the California Solar Initiative 
program?

1 Lighting installed Before Solar Panels L_13
2 Lighting installed After Solar Panels L_15

88 Refused L_15
99 Don’t know L_15

L_13 Did the installation of &LIGHT_TECH1 have an effect on the size of the solar system selected for your facility? 
1 Yes, increased the size selected L_15
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2 Yes, reduced the size selected L_15
3 No L_15

88 Refused L_15
99 Don’t know L_15

ASK IF(AW7=YES OR AW11=YES) AND
ASK IF L_7 in (2,88,99) or L_5 greater than year of (California Solar Initiative_DATE)

L_15
On a scale of 0-10, with 0 being *NOT* Influential and 10 being *VERY* Influential, how much did the energy efficiency audit 
influence you to install &LIGHT_TECH1?

# Rating from 0 to 10 L_17
88 Refused L_17
99 Don't know L_17

L_17
Was THE INSTALLATION OF &LIGHT_TECH1 part of a &IOU program or any other utility or government energy efficiency 
incentive Program?

1 Yes L_19
2 No L_21

88 Refused L_21
99 Don’t know L_21

L_19 What program or organization provided this Rebate?
1 &IOU Express Efficiency Program L_21
2 &IOU Standard Performance Contract Program (SPC) L_21

77 Other L_21
88 Refused L_21
99 Don't know L_21

loop through to (and including) LI26.  
ASK If LIGHT_TECH1 in (1, 2, 3, 4,19, 20, 21,22)

L_21
Regarding LIGHT_TECH1 how long are the fluorescent tubes, 2 feet, 4 feet, 6 feet, or 8 feet long?[IF MULTIPLE LENGTHS ENTER 
IN “OTHER SPECIFY” CATEGORY]

1 2 feet L_23
2 4 feet L_23
3 6 feet L_23
4 8 feet L_23

77 Other - SPECIFY L_23
88 Refused L_23
99 Don't know L_23

ASK If LIGHT_TECH1 in (1, 2, 3, 4,19, 20, 21,22) 

L_23
 How many fixtures were retrofitted or replaced as part of the installation of LIGHT_TECH1? [PROBE FOR AT LEAST A ROUGH 
NUMBER!]

&NUM Number of fixtures L_25
88 Refused L_25
99 Don't know L_25

ASK If LIGHT_TECH1 in (1, 2, 3, 4,19, 20, 21,22) 
L_25 Regarding LIGHT_TECH1 on average how many lamps are there per associated fixture?

1 Number L_27
77 Other (SPECIFY) L_27
88 Refused L_27
99 Don’t Know L_27

ASK If LIGHT_TECH1 in (1, 2, 3, 4,19, 20, 21,22) 
L_27 Were these lights installed on a ceiling of 15 feet or higher?

1 Yes CE_1
2 No CE_1

88 Refused CE_1
99 Don't know CE_1

ASK IF LIGHT_TECH1 =5; else skip to L_31
L_29 Were the HID lamps you installed High Pressure Sodium, Metal Halide, Mercury Vaper or Incandescent?

1 High pressure sodium L_31
2 Metal Halide L_31
3 Mercury Vaper L_31
4 Incandenscent L_31

88 Refused L_31
99 Don't know L_31

ASK IF LIGHT_TECH1 in (5 though 18 or 77)

L_31

Regarding LIGHT_TECH1 how many &L_TECH1B did you install? [RECORD NUMBER][PROBE: IMPORTANT THAT WE GET 
AT LEAST A ROUGH ESTIMATE OF THE NUMBER OF FIXTURES, LAMPS, SENSORS, BALLASTS, OR OTHER UNITS 
DESCRIBED BY THE RESPONDENT]

&NUM Number of &LIGHT_TECH1 CE_1
88 Refused CE_1
99 Don't know CE_1
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COOLING

ASK ALL
CE_1 What type of equipment is used to cool this facility?

1 No A/C GX_1
Split system 
(two components;  compressor is separate from the supply air fan)
Packaged systems 
(one component; rooftop units)
Package Terminal A/C 
(e.g., Hotel/Motel units)
Evaporative coolers 
(swamp coolers)
Water Chiller 
(Central Plant)
Individual A/C or Heat Pump Units (e.g., Unitary Equipment, Central A/C with multiple units, single unit for small 
business)
NOTE:(ask if split or package system)

77 Other (Specify) CE_3
88 Refused CE_3
99 Don’t Know CE_3

CE_3 How old is the cooling equipment currently in use at your facility? Would you say…
1 Less than 5 years old CE_5
2 Between 5 and 10 years old CE_5
3 10 to 20 years old CE_5
4 more than 20 years old CE_5

88 Refused CE_5
99 Don't know CE_5

CE_5 What is the primary fuel used by the equipment for cooling?
1 Electricity CE_7
2 Natural Gas CE_7
3 Both Electricity and Gas CE_7
4 Other (PLEASE SPECIFY) CE_7
8 Refused CE_7
9 Don’t Know CE_7

CE_7 Does the space cooling system include an economizer?
1 Yes CX_1
2 No CX_1

88 Refused CX_1
99 Don't know CX_1

ASK IF REBATED COOLING PARTICIPANT
ASK CX_1 THROUGH CX_11 FOR UP TO THREE REBATED MEASURES

CX_1
Our records indicate that your company installed a &EXP_CL_TECH1 through the &REB_PROGRAM Program, is 
this correct?

1 Yes CX_3
3 No C_1

88 Refused C_1
99 Don't know C_1

ASK IF(AW7=YES OR AW11=YES) AND
IF &REBATE_DATE BEFORE &California Solar Initiative_DATE; OR &REBATE_DATE WITHIN 1 
YEAR OF &California Solar Initiative DATE; ELSE SKIP TO CX 5

CX_3
Was the &EXP_CL_TECH1 installed before or after your organization completed the energy efficiency audit 
required by the California Solar Initiative program?

1 Cooling installed Before audit completed CX_9
2 Cooling installed After audit completed CX_5

88 Refused CX_5
99 Don’t know CX_5

CX_5
Was the &EXP_CL_TECH1 one of the recommendations in the energy efficiency audit completed as part of the 
California Solar Initiative application process?

1 Yes CX_7
2 No CX_7

88 Refused CX_7
99 Don’t know CX_7

ASK IF CX_3=2 AND &REBATE_DATE WITHIN 1 YEAR OF &California Solar Initiative_DATE; 

5 CE_3

6 CE_3

7 CE_3

2 CE_3

3 CE_3

4 CE_3
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CX_7
Was the &EXP_CL_TECH1 installed before or after your organization installed Solar Panels through the California 
Solar Initiative program?

1 Cooling installed Before solar panels CX_9
2 Cooling installed After solar panels CX_11

88 Refused CX_9
99 Don’t know CX_9

ASK IF &REBATE_DATE BEFORE &California Solar Initiative_DATE; OR REBATE_DATE WITHIN 1 
YEAR OF &California Solar Initiative DATE; ELSE SKIP TO CX 5

CX_9 Did the installation of &COOL_TECH1 have an effect on the size of the solar system selected for your facility? 
1 Yes, increased the size selected CX_11
2 Yes, reduced the size selected CX_11
3 No CX_11

88 Refused CX_11
99 Don’t know CX_11

ASK IF(AW7=YES OR AW11=YES) AND
IF CX_3 in (2,88,99) OR REBATE_DATE MORE THAN ONE YEAR AFTER &California Solar 
Initiative_DATE

CX_11
On a scale of 0-10, with 0 being *NOT* Influential and 10 being *VERY* Influential, how much did the California 
Solar Initiative required energy efficiency audit influence you to install &EXP_CL_TECH1?

&Rat Rating C_1
88 Refused C_1
99 Don't know C_1

END REBATED COOLING MEASURE LOOP
READ COMMENT IF Express Cooling Participant

Comment
Thank you for discussing the new cooling equipment that you installed through the &IOU Rebate Programs.  Next, I 
would like to discuss other cooling equipment you might have installed since January 2006…
ASK ALL

C_1
Since January of 2006, have you made any changes related to the cooling equipment at &ADDRESS, including air 
conditioning units, programmable thermostats, or HVAC controls?"

1 Yes C_3
2 No GX_1

88 Refused GX_1
99 Don't know GX_1

C_3 What types of equipment were installed as part of the cooling retrofit? &CTECH_1B
1 Split system air conditioners (Two components; compressor is separate from the supply air fan) Units C_3
2 Packaged air conditioning systems (one component) Units C_3
3 Package Terminal A/C (e.g. Hotel/Motel units) Units C_3
4 Remote Condensing Unit Units C_3
5 Evaporative coolers (Swamp coolers) Units C_3
6 Water Chiller(s) n/a C_3
7 Evaporative Condenser Units C_3
8 Cooling Tower Towers C_3
9 Adjustable Speed Drives Drives C_3

10 Energy Management System n/a C_3
11 Reflective Window Film Square Feet of 

Window Film
C_3

12 HVAC Controls: Bypass Timer Timers C_3
13 HVAC Controls: Time Clock Timers C_3
14 HVAC Controls: Set-Back Programmable Thermostat Thermostats C_3
15 Thermal Energy Storage (Ice Storage, Chilled Water Storage) System n/a C_3
16 Individual A/C or Heat Pump Units (e.g., Rooftop units, Unitary Equipment, Central A/C with multiple/single 

unit) NOTE: Ask if split or package system) Units
C_3

17 Window/Wall Air-Conditioning Units Units C_3
77 Other (SPECIFY) n/a C_3

FOR EACH COOLING TECHNOLOGY MENTIONED LOOP THROUGH C_5 TO C_37
C_5 In what year did you install COOL_TECH1?

1 2006 C_7
2 2007 C_7
3 2008 C_7
4 2009 C_7

88 Refused C_7
99 Don't know C_7

ASK IF(AW7=YES OR AW11=YES) AND
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IF C_5 IS RF/DK OR IF C_5 IS LESS THAN OR EQUAL TO YEAR OF &California Solar 
Initiative_DATE; ELSE SKIP TO C_9

C_7
Was the &EXP_CL_TECH1 installed before or after your organization completed the energy efficiency audit t 
required by the California Solar Initiative program application?

1 Cooling installed Before Audit was Completed C_13
2 Cooling installed After Audit was Completed C_9

88 Refused C_9
99 Don’t know C_9

C_9
Was the &COOL_TECH1 one of the recommendations in the energy efficiency audit completed as part of the 
California Solar Initiative application process?

1 Yes C_11
2 No C_11

88 Refused C_11
99 Don’t know C_11

ASK IF C_7 in (2,88,99); ELSE SKIP to C_15

C_11
Was the &COOL_TECH1 installed before or after your organizaiton installed Solar Panels through the California 
Solar Initiative program?

1 Cooling installed Before Solar Panels C_13
2 Cooling installed After Solar Panels C_15

88 Refused C_15
99 Don’t know C_15

C_13 Did the installation of &COOL_TECH1 have an effect on the size of the solar system selected for your facility? 
1 Yes, increased the size selected C_15
2 Yes, reduced the size selected C_15
3 No C_15

88 Refused C_15
99 Don’t know C_15

ASK IF(AW7=YES OR AW11=YES) AND
IF C_7 in (2,88,99) or C_5 greater than year of (California Solar Initiative_DATE)

C_15
On a scale of 0-10, with 1 being *NOT* Influential and 10 being *VERY* Influential, how much did the California 
Solar Initiative required energy efficiency audit influence you to install this &COOL_TECH1?

&Rat Rating 0-10 C_17
88 Refused C_17
99 Don't know C_17

C_17
Was THE INSTALLATION OF &COOL_TECH1 part of a <%UTILITY> program or any other utility or 
government energy efficiency incentive Program?

1 Yes C_19
2 No C_21

88 Refused C_21
99 Don’t know C_21

C_19 What program or organization provided this Rebate?
1 &IOU Express Efficiency Program C_21
2 &IOU Standard Performance Contract Program (SPC) C_21

77 Other C_21
88 Refused C_21
99 Don't know C_21

ASK IF COOL_TECH1 NOT  in (15,10,77)
C_21 Regarding the &COOL_TECH1 how many &C_TECH1B were installed at &SERV_ADDR?

&num Number C_23
88 Refused C_23
99 Don't know C_23

ASK IF COOL_TECH1  IN (1,2,3,5,16,17)
C_23 Please tell me the combined capacity, in tons, of all the new COOL_TECH1 that were installed?

&num Number C_25
88 Refused C_25
99 Don't know C_25

ASK IF COOL_TECH1 in (4,7,8)
C_25 For the new &COOL_TECH1, Please tell me the combined heat rejection in BTU's.

&num Number C_27
88 Refused C_27
99 Don't know C_27
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ASK IF COOL_TECH1 =9
C_27 For the new Adjustable Speed Drive(s), please tell me the combined Horse-Power of the controlled motors.

&num Number C_29
88 Refused C_29
99 Don't know C_29

ASK IF COOL_TECH1 =6; 
C_29 What types of new chillers were installed? Are they… [READ CATEGORIES]?

1 Water-cooled C_31
2 Air-cooled C_31

77 Other (specify) C_31
88 Refused C_31
99 Don’t Know C_31

ASK IF COOL_TECH1 in (1,2,3,4,7,8,16,17,77(other))
C_31 Was/were the COOL_TECH1 that you installed standard or high efficiency?

1 Standard Efficiency C_33
2 High Efficiency C_33

88 Refused C_33
99 Don't know C_33

C_33
Do you recall the efficiency rating of COOL_TECH1?  (IF NECESSARY: Please indicate the efficiency rating and 
the units for that rating (such as EER))  [RECORD VALUE]

&RAT Rating (SPECIFY) C_35
88 Refused C_37
99 Don't know C_37

C_35 Do you recall the units for the efficiency rating of COOL_TECH1 (such as EER)?  [RECORD UNITS]
1 EER (Energy Efficiency Ratio) C_37
2 SEER (Seasonal Energy Efficiency Ratio) C_37
1 COP (Coefficient of Performance) CHILLER ONLY C_37
2 kW/Ton (kilowatts per Ton) CHILLER ONLY C_37

77 Other (SPECIFY) C_37
88 Refused C_37
99 Don't know C_37

ASK IF CL19 IN (88,99) OR CL20 IN (88,99)
C_37 How do you distinguish between high efficiency and standard efficiency?

1 Contractor GX_1
2 Utility recommendation GX_1
3 Efficiency rating GX_1
4 KW/ton GX_1
5 Coefficient of performance / COP GX_1
6 Energy efficiency ratio / EER GX_1
7 Supplier GX_1
8 Manufacturer GX_1

77 Other (SPECIFY) GX_1
99 Don’t Know GX_1

Thank you for discussing each cooling equipment purchase that you’ve made recently.  Next, I'd like to discuss the 
Gas Appliances and equipment at your facility
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GAS EQUIPMENT
ASK GX_1 THROUGH GX_7 FOR UP TO THREE REBATED MEASURES

GX_1 Our records indicate that your company installed a &EXP_GS_TECH1 through the &REB_PROGRAM program, is this correct?
1 Yes GX_3
3 No G_1

88 Refused G_1
99 Don't know G_1

ASK IF(AW7=YES OR AW11=YES) AND
IF &REBATE_DATE BEFORE &California Solar Initiative_DATE; OR REBATE_DATE WITHIN 1 YEAR OF &California Solar 
Initiative_DATE; ELSE SKIP TO GX_5

GX_3
Was the &EXP_GS_TECH1 installed before or after your organization completed the energy efficiency audit required by the California Solar 
Initiative program application?

1 Gas equipment installed Before audit completed CX_9
2 Gas equipment installed After audit completed CX_5

88 Refused CX_5
99 Don’t know CX_5

GX_5
Was the &EXP_GS_TECH1 one of the recommendations in the energy efficiency audit completed as part of the California Solar Initiative 
application process?

1 Yes GX_7
2 No GX_7

88 Refused GX_7
99 Don’t know GX_7

ASK IF(AW7=YES OR AW11=YES) AND
IF GX_3=2 AND &REBATE_DATE WITHIN 1 YEAR OF &California Solar Initiative_DATE; 

GX_7
On a scale of 0-10, with 0 being *NOT* Influential and 10 being *VERY* Influential, how much did the California Solar Initiative required
energy efficiency audit influence you to install &EXP_GS_TECH1?

&Rat Rating G_1
88 Refused G_1
99 Don't know G_1

END REBATED GAS MEASURE LOOP

READ COMMENT IF Rebate Program Gas Participant

Comment
Thank you for discussing the new gas equipment that you installed through the &IOU Rebate Programs.  Next, I would like to discuss any 
other gas equipment you might have installed since January 2006…

ASK ALL

G_1
Since January 2006, have you installed any gas appliances at your facility, such as a boiler, water heater, furnace, or gas booster for 
dishwashers?

1 Yes G_3
2 No G_3

88 Refused G_3
99 Don't know G_3

G_3
What types of gas appliances were installed? [DO NOT READ] [AFTER EACH RESPONSE, PROMPT WITH, “Did you install any other 
gas appliances at your facility since the &IOU Audit on &AUDDATE?”]

1 Boilers G_5
2 Water heaters G_5
3 Furnaces G_5
4 Gas boosters for dishwasher G_5
5 Gas range (stove) G_5
6 Clothes dryer G_5

77 Other (specify) G_5
88 Refused G_5
99 Don’t know G_5

FOR EACH GAS TECHNOLOGY MENTIONED LOOP THROUGH G10 TO G26
G_5 In what year did you install GASAPP1?

1 2006 G_7
2 2007 G_7
3 2008 G_7
4 2009 G_7

88 Refused G_7
99 Don't know G_7

ASK IF(AW7=YES OR AW11=YES) AND

 IF G_5 IS RF/DK OR IF G_5 IS LESS THAN OR EQUAL TO YEAR OF &California Solar Initiative_DATE; ELSE SKIP TO G_9

G_7
Was the &GAS_APP1 installed before or after your organization completed the energy efficiency audit t required by the California Solar 
Initiative program application?

1 Gas installed Before Audit was Completed G_13
2 Gas installed After Audit was Completed G_9

88 Refused G_9
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99 Don’t know G_9

G_9
Was the &GAS_APP1 one of the recommendations in the energy efficiency audit completed as part of the California Solar Initiative 
application process?

1 Yes G_11
2 No G_11

88 Refused G_11
99 Don’t know G_11

ASK IF(AW7=YES OR AW11=YES) AND
IF G_7 in (2,88,99) or G_5 greater than year of (California Solar Initiative_DATE)

G_11
On a scale of 1-10, with 1 being *NOT* Influential and 10 being *VERY* Influential, how much did the California Solar Initiative required
energy efficiency audit influence you to install &GAS_APP1?

&Rat Rating G_13
88 Refused G_13
99 Don't know G_13

G_13
Was THE INSTALLATION OF &GAS_APP1 part of a <%UTILITY> program or any other utility or government energy efficiency incentive
Program?

1 Yes G_15
2 No G_17

88 Refused G_17
99 Don’t know G_17

G_15 What program or organization provided this Rebate?
1 &IOU Express Efficiency Program G_17
2 &IOU Standard Performance Contract Program (SPC) G_17

77 Other G_17
88 Refused G_17
99 Don't know G_17

G_17 How many GASAPP1 did you install?
&num Number G_19

88 Refused G_19
99 Don't know G_19

ASK IF &GAS_APP1 = WATER HEATER
G_19 Do you recall the Energy Factor of the new water heater? [NOTE, EXPECTED RANGE IS FROM 0.50 to 0.99]
&EF Energy Factor G_27

88 Refused G_27
99 Don't know G_27

ASK IF &GASAPP1 IS BOILER OR FURNACE; ELSE SKIP TO G_27
G_21  Do you recall the AFUE rating of the [Boiler/Gas Furnace]? [NOTE, EXPECTED RANGE IS FROM 70% TO 99%]

&AFUE AFUE Rating (should be in the range of 70 to 100) G_23
88 Refused G_23
99 Don't know G_23

ASK IF &GASAPP1 IS BOILER OR FURNACE

G_23
What is the capacity of the new [Boiler/Water Heater]? [IF NEEDED: Please provide the capacity in conjunction with the corresponding 
units.]

&CAP Capacity G_25
88 Refused G_25
99 Don't know G_25

ASK IF &GASAPP1 IS BOILER OR FURNACE
G_25 What are the units of capacity for the new [Boiler/Water Heater]? [IF NEEDED: such as Btu's or British Thermal Units.]

&UNIT Units G_27
88 Refused G_27
99 Don't know G_27

G_27 Was the new GASAPP1 that you installed standard or high efficiency?
1 Standard efficiency G_29
2 High efficiency G_29

88 Refused G_29
99 Don't know G_29

G_29 How do you distinguish between an energy efficient and a standard efficiency GASAPP1? [DON’T READ]
1 Contractor OX_1
2 It’s new, so efficient OX_1
3 AFUE (Annual Fuel Utilization Efficiency) OX_1
4 Energy Star Label OX_1
5 EF/Energy Factor OX_1
6 RE/Recovery Efficiency OX_1
7 Efficiency Rating OX_1
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8 Utility recommendation, rebate OX_1
77 Other (specify) OX_1
88 Refused OX_1
99 Don’t know OX_1
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OTHER CHANGES
FOR UP TO 3 REBATED OTHER TECHNOLOGY ADOPTIONS, LOOP THROUGH OX_1 TO OX_15

OX_1 Our records indicate that your company installed a &EXP_OT_TECH1 through the &REB_PROGRAM Program, is this correct?
1 Yes OT2
2 No OT2

88 Refused OT2
99 Don't know OT2

ASK IF(AW7=YES OR AW11=YES) AND
ASK IF &REBATE_DATE BEFORE &California Solar Initiative_DATE; OR &REBATE_DATE WITHIN 1 YEAR OF 
&California Solar Initiative_DATE; ELSE SKIP TO OX_5

OX_3
Was the &EXP_OT_TECH1 installed before or after your organization completed the energy efficiency audit t required by the 
California Solar Initiative program application?

1 Equipment installed Before audit completed OX_9
2 Equipment installed After audit completed OX_5

88 Refused OX_5
99 Don’t know OX_5

OX_5
Was the &EXP_OT_TECH1 one of the recommendations in the energy efficiency audit completed as part of the California Solar 
Initiative application process?

1 Yes OX_7
2 No OX_7

88 Refused OX_7
99 Don’t know OX_7

ASK IF MEASURE SAVED KWH; ELSE SKIP TO OX_11
IF OX_3=2 AND &REBATE_DATE WITHIN 1 YEAR OF &California Solar Initiative_DATE AND MEASURE SAVED 
KWH

OX_7
Was the &EXP_OT_TECH1 installed before or after your organization installed Solar Panels through the California Solar 
Initiative program?

1 Equipment installed Before solar panels OX_9
2 Equipment installed After solar panels OX_11

88 Refused OX_9
99 Don’t know OX_9

OX_9 Did the installation of &EXP_OT_TECH1 have an effect on the size of the solar system selected for your facility? 
1 Yes, increased the size selected OX_11
2 Yes, reduced the size selected OX_11
3 No OX_11

88 Refused OX_11
99 Don’t know OX_11

ASK IF(AW7=YES OR AW11=YES) AND
IF OX_3 in (2,88,99) OR REBATE_DATE MORE THAN ONE YEAR AFTER &California Solar Initiative_DATE; ELSE 
SKIP TO OX_13

OX_11
On a scale of 1-10, with 1 being *NOT* Influential and 10 being *VERY* Influential, how much did the California Solar 
Initiative required energy efficiency audit influence you to install &EXP_OT_TECH1?

&Rat Rating OX_13
88 Refused OX_13
99 Don't know OX_13

OX_13
Was any equipment removed and replaced when your organization installed &EXP_OT_TECH1 through the &REB_PROGRAM 
Program?

1 Yes OX_15
2 No O_1

88 Refused O_1
99 Don’t know O_1

OX_15 What fuel did the removed equipment use, was it…
1 Electricity O_1
2 Gas O_1

77 Other (do not read) (Record verbatim) O_1
88 Refused O_1
99 Don’t Know                               O_1

END REBATED OTHER MEASURE LOOP

READ COMMENT IF Rebate Program "Other" Participant

Comment
Thank you for discussing the new energy efficient equipment that you installed through the &IOU Rebate Programs.  Next, I 
would like to discuss any other energy efficient equipment you might have installed since January 2006…

O_1 Since January 2006, have you added or replaced other equipment that is expected to affect overall energy consumption?
1 Yes O_3
2 No N_1

88 Refused N_1
99 Don't know N_1

O_3 Which of the following types of equipment were installed since January 2006? (READ FIRST FIVE THEN ASK FOR OTHER)
1 Industrial Processing Equipment O_5
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1 Food Service Equipment O_5
2 Water Heating Equipment O_5
3 Outdoor Lighting Equipment O_5
4 Refrigeration Equipment O_5
5 Motors O_5

77 Other (SPECIFY) – 1st mention O_5
78 Other (SPECIFY) – 2nd mention O_5
79 Other (SPECIFY) – 3rd mention O_5
88 Refused N_1
99 Don’t Know                               N_1

FOR EACH &OTHER_EQUIP REPORTED LOOP THROUGH O_5 - O_33
O_5 What type of Fuel does &OTHER_EQUIP1 run on?

1 Electricity O_7
2 Gas O_7

77 Other O_7
88 Refused O_7
99 Don’t Know                               O_7

O_7 Please describe the type(s) of &OTHER_TECH1 that was (were) installed?
77 Record verbatim O_9
88 Refused O_9
99 Don't know O_9

O_9 Please describe the sizes and quantity(s) of &OTHER_TECH1 that was (were) installed?
77 Record verbatim O_11
88 Refused O_11
99 Don't know O_11

O_11 Please describe the efficiency level of &OTHER_TECH1 that was (were) installed?
77 Record verbatim O_13
88 Refused O_13
99 Don't know O_13

O_13 In what year did you install &OTHER_EQUIP1?
1 2006 O_15
2 2007 O_15
3 2008 O_15
4 2009 O_15

88 Refused O_15
99 Don't know O_15

ASK IF(AW7=YES OR AW11=YES) AND
IF O_13 IS RF/DK OR IF O_13 IS LESS THAN OR EQUAL TO YEAR OF &California Solar Initiative_DATE; ELSE 
SKIP TO O_17

O_15
Was the &OTHER_EQUIP1 installed before or after your organization completed the energy efficiency audit t required by the 
California Solar Initiative program application?

1 Equipment installed Before Audit was Completed O_17
2 Equipment installed After Audit was Completed O_17

88 Refused O_17
99 Don’t know O_17

O_17
Was the &OTHER_TECH1 one of the recommendations in the energy efficiency audit completed as part of the California Solar 
Initiative application process?

1 Yes CL18
2 No CL18

88 Refused CL10a
99 Don’t know CL10a

ASK IF O_5=1; ELSE SKIP TO O_23
ASK IF O_15 in (2,88,99); ELSE SKIP to C_23

O_19
Was the &OTHER_TECH1 installed before or after your organization installed Solar Panels through the California Solar 
Initiative program?

1 Equipment installed Before Solar Panels O_21
2 Equipment installed After Solar Panels O23

88 Refused O23
99 Don’t know O23

O_21 Did the installation of &OTHER_TECH1 have an effect on the size of the solar system selected for your facility? 
1 Yes, increased the size selected O23
2 Yes, reduced the size selected O23
3 No O23

88 Refused O23
99 Don’t know O23

ASK IF(AW7=YES OR AW11=YES) AND
IF O_15 in (2,88,99) or O_13 greater than year of (California Solar Initiative_DATE)

O_23
On a scale of 1-10, with 1 being *NOT* Influential and 10 being *VERY* Influential, how much did the California Solar 
Initiative required energy efficiency audit influence you to install this &OTHER_TECH1?

&Rat Rating O_25
88 Refused O_25
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99 Don't know O_25

O_25
Was the installation of &OTHER_TECH1 part of a &IOU program or any other utility or government energy efficiency incentive 
Program?

1 Yes O_27
2 No O_29

88 Refused O_29
99 Don’t know O_29

O_27 What program or organization provided this Rebate?
1 &IOU Express Efficiency Program O_29
2 &IOU Standard Performance Contract Program (SPC) O_29

77 Other O_29
88 Refused O_29
99 Don't know O_29

O_29 Was equipment removed and replaced when your organization installed &OTHER_TECH1?
1 Yes O_31
2 No O_31

88 Refused O_31
99 Don’t know O_31

O_31 What fuel did the removed equipment use, was it…
1 Electricity N_1
2 Gas O_33

77 Other (do not read) (Record verbatim) N_1
88 Refused N_1
99 Don’t Know                               N_1

ASK IF O_31=2 AND O_5=1

O_33

If your facility had no solar panels, how likely is it that your organization would have replaced gas equipment with 
&OTHER_EQUIP1 that runs on electricity?  Please rate the liklihood on a scale of 0 to 10 where 0 is not likely at all and 10 is 
extremely likely (IF NECESSARY: LIKELIHOOD THAT YOU WOULD HAVE REPLACED GAS EQUIPMENT WITH 
ELECTRIC EQUIPMENT)

&rat Rating from 0 to 10 N_1
88 Refused N_1
99 Don’t Know                               N_1
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CONSERVATION MEASURES

I’m going to continue by discussing any actions your business may have taken to reduce or manage your energy use.  We’re going to start with 
energy conservation actions that you do every day to reduce your overall energy usage without changing or adding new equipment  

N_1
Other than installing new equipment, have you taken any energy conservation actions since January 2006 to reduce your overall energy use, such 
as routinely turning off lights or changing thermostat settings?  

1 Yes N_3
2 No N_13

88 Refused N_13
99 Don't know N_13

N_3

What energy conservation actions have you taken that effect electricity and natural gas consumption for the facility at &ADDRESS?  [SELECT 
ALL THAT APPLY] [DO NOT READ] [PROMPT AFTER EACH RESPONSE WITH, “Have you taken any other energy conservation 
actions?”]

1 Turn off office equipment such as PCs, monitors, printers and copiers when not in not in use, at night and during the weekend N_5
2 Setting thermostats lower when heating N_5
3 Setting thermostat higher when cooling N_5
4 Schedule high electrical energy-use processes during off-peak periods where feasible. N_5
5 Turn off any lights that are not being used, for example, unused offices and conference rooms N_5
6 Turn down the remaining lighting levels if you can N_5
7 (If available) Use dimmer switches to lower lights N_5
8 Set air conditioning thermostats to pre-cool spaces at off-peak times N_5
9 Establish a system to alert employees of expected high demand days including, but not limited to E-mail, voice mail, or public address 

announcement to all employees N_5
10 Reprogram energy management system (EMS) schedule N_5
11 Turn off your computer if you are out of the office for more than a few minutes N_5
12 Turn off your monitor if you are out of the office for more than a few minutes N_5
13 Set computer to low power standby mode N_5
14 Turn off personal appliances, such as coffee pots and radios N_5
15 Use e-mail to distribute documents instead of faxes and copiers N_5
16 Make copies double-sided N_5
17 Wear comfortable business attire. Dress appropriately for temperatures N_5
18 Run backup generator at times of peak demand N_5
77 Other (SPECIFY) N_5

For each conservation measure ask:
N_5 What year did you begin &CONS_MEAS1?

1 2006 N_7
2 2007 N_7
3 2008 N_7
4 2009 N_7

66 Before 2006 (Go Back and Remove - Only want actions began after January 2006) N_7
88 Refused N_7
99 Don't know N_7

N_7 Did your organization begin &CONS_MEAS1 before or after completing the California Solar Initiative required energy efficiency audit?
1 Conservation practice adopted Before audit completed N_13
2 Conservation Practice Adopted After audit completed N_9

88 Refused N_9
99 Don’t know N_9

N_9 Was &CONS_MEAS1 recommended in the energy efficiency audit completed as part of the California Solar Initiative application process?
1 Yes N_11
2 No N_11

88 Refused N_11
99 Don't know N_11

N_11
Which of these conservation actions would you say you started as a result of the California Solar Initiative required Energy Efficiency Audit ? 
[READ BOLD DESCRIPTION ABOVE AND SELECT ALL THAT APPLY]

1 Turn off office equipment such as PCs, monitors, printers and copiers when not in not in use, at night and during the weekend N_13
2 Setting thermostats lower when heating N_13
3 Setting thermostat higher when cooling N_13

Schedule high electrical energy-use processes during off-peak periods N_13
where feasible. N_13

5 Turn off any lights that are not being used, for example, unused offices and conference rooms N_13
6 Turn down the remaining lighting levels if you can N_13
7 (If available) Use dimmer switches to lower lights N_13
8 Set air conditioning thermostats to pre-cool spaces at off-peak times N_13
9 Establish a system to alert employees of expected high demand days including, but not limited to E-mail, voice mail, or public address 

announcement to all employees N_13
10 Reprogram energy management system (EMS) schedule N_13
11 Turn off your computer if you are out of the office for more than a few minutes N_13
12 Turn off your monitor if you are out of the office for more than a few minutes N_13
13 Set computer to low power standby mode N_13
14 Turn off personal appliances, such as coffee pots and radios N_13
15 Use e-mail to distribute documents instead of faxes and copiers N_13

4
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16 Make copies double-sided N_13
17 Wear comfortable business attire. Dress appropriately for temperatures N_13
18 Run backup generator at times of peak demand N_13
77 Other (SPECIFY) N_13
88 Refused N_13
99 Don't know N_13

N_13 Does &IOU charge and credit your electricity account differently depending on the time of day the electricity is consumed or generated?
1 Yes N_15
2 No N_19

88 Refused N_19
99 Don't know N_19

N_15 Does this rate structure change the policies, procedures or practices at your facility in any way?
1 Yes N_17
2 No N_19

88 Refused N_19
99 Don't know N_19

N_17 How has the rate structure changed the way your organization operates?
77 Record Verbatim N_19
88 Refused N_19
99 Don't know N_19

N_19 Please rate each of the following statements on a scale of 0 to 10, where 0 means you do not agree at all and 10 means you completely agree…

N_19a Instead of simply considering energy efficiency, we now consider how to utilize our PV panel production to offset as much of our facilities total 
energy bill as possible N_19b

N_19b Our solar power generation system reduces the importance of energy conservation practices in the building N_19c
N_19c With solar panels present at this facility, there is little incentive to reduce energy consumption significantly N_19d
N_19d Our organization continues to pursue energy efficient opportunities in the same ways it did before installing solar generation equipment

N_21

N_21 Does your organization have any plans to replace equipment at your facility that runs on gas with similar equipment that runs on electricity?
1 Yes N_23
2 No N_27

88 Refused N_27
99 Don't know N_27

N_23 What type of electric equipment does your organization plan to install that will replace gas equipment?
77 Record Verbatim N_25
88 Refused N_25
99 Don't know N_25

N_25 Which year is this equipment planned to be installed?
1 2009 N_27
2 2010 N_27
3 2011 N_27
4 2012 N_27
5 2013 or later N_27

88 Refused N_27
99 Don’t know N_27

N_27
Besides what we have already discussed, does your organization have any plans to install new electrical equipment that will increase electrical 
consumption by more than 10 percent?

1 Yes N_29
2 No H_1

88 Refused H_1
99 Don't know H_1

N_29 What equipment does your organization plan to install?
77 Record Verbatim N_31
88 Refused N_31
99 Don't know N_31

N_31 In which year is this equipment planned to be installed?
1 2009 H_1
2 2010 H_1
3 2011 H_1
4 2012 H_1
5 2013 or later H_1

88 Refused H_1
99 Don’t know H_1
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ONSITE SCHEDULING

ASK IF PV_OS_STRATA NOT MISSING

OS_REC
The CPUC is very interested in the energy using equipment and upgrades at your facility.  Would it be possible for an engineer to call you at 
a later time to discuss the changes you have recently made to your facility, or possibly schedule an in-person visit to your facility?

1 Yes OS_NAME1
2 No END

88 Refused END
99 Don't know END

OS_NAME1 May I please have your name so the engineer can call you at another time?

&NAME NAME OF PRIMARY CONTACT OS_PHONE1

88 Refused OS_PHONE1

99 Don't know OS_PHONE1

OS_PHONE1 May I also have the best phone number for the engineer to reach you?
&PHONE PHONE FOR PRIMARY CONTACT OS_NAME2

88 Refused OS_NAME2
99 Don't know OS_NAME2

OS_NAME2 Is there another person that the engineer might speak with at your company, if you are not available?
&ALT_NAME NAME OF ALTERNATE OS_PHONE2

88 Refused END
99 Don't know END

OS_PHONE2 May I please have the best phone number for &ALTERNATE
&ALT_PHONE PHONE FOR ALTERNATE END

88 Refused END
99 Don't know END

END Those are all the questions I have for you today, on behalf of the CPUC we thank you very much for your time and cooperation.

       2009 CSI Impact Evaluation

Phone Survey Instruments B-85



 

Nonresidential Nonparticipant Survey 

 

 

       

Phone Survey Instruments B-87



INTRODUCTION AND FINDING CORRECT RESPONDENT
NTG/DC 
MODEL SR NTG

GROSS/ 
BILLING

Q1

Hello, this is <INTERVIEWER NAME> calling from Itron on behalf of &UTILITY.

May I please speak with the person at your location who is most knowledgeable about decisions affecting your energy using 
equipment such as cooling and lighting systems?
[IF NEEDED] This is not a sales call.  
[IF NEEDED] This is a fact-finding survey only, and responses will not be connected with your firm in any way.  Your electric 
utility, wants to better understand how businesses think about and manage their energy consumption.
[IF NEEDED] The four investor-owned utilities in California are cooperating on this important study, authorized by the 
California Public Utilities Commission, to better understand how businesses like yours think about and manage their energy 
consumption. Your input is very important to the utilities and to the Commission.

1 No, that person is not available right now Appoint 1 1 1
2 Unable to refer someone who can help Appoint
3 Yes, that would be me S1
4 Yes, let me transfer you to ___________. Q1B/Q1C

77 No, Other reason (specify) End
88 Refused End
99 Don’t know End

Appoint
[IF RECOMMENDED CONTACT IS NOT CURRENTLY AVAILABLE]
When would be a good day and time for us to call back? 1 1 1

77 Record day of the week, time of day and date to call back, as &APPOINT Name
88 Refused End
99 Don’t know Name

Name May I please have the name of the person we should speak with?
[DO NOT RECORD INFORMATION FOR INDIVIDUAL AT SOME OTHER BUILDING OR LOCATION.  WE WANT THE 
INDIVIDUAL MOST KNOWLEDGEABLE ABOUT  THIS LOCATION, EVEN IF BUILDING IS OWNED BY OFF-SITE 
MANAGER.]

77 Record Name, as &CONTACT Ext
88 Refused End
99 Don’t know Ext

Ext Is there a phone extension or phone number you recommend we use when we call back?

77 Record Extension or Phone Number, &PHONE End
88 Refused End
99 Don’t know End

Q1B

[IF YOU ARE TRANSFERRED TO ANOTHER PERSON OTHER THAN THE BEST CONTACT]
May I please speak with the person most knowledgeable about recent changes in cooling, lighting, or other energy-related 
equipment for your company? 1 1 1
[IF NEEDED] This is not a sales call.  
[IF NEEDED] This is a fact-finding survey only, and responses will not be connected with your firm in any way.  Your electric 
utility, wants to better understand how businesses think about and manage their energy consumption.

[IF NEEDED] The California Public Utilities Commission is conducting this important study, to better understand how 
businesses like yours think about and manage their energy consumption. Your input is very important to the Commission.

77 There is no one here who can help you End
1 Continue Q1B until you find appropriate contact person, record as &CONTACT Q1C

Q1C

[IF BEST CONTACT IS AVAILABLE]
Hello Mr/Mrs &CONTACT, this is <INTERVIEWER NAME> calling from Itron on behalf of &UTILITY.  I understand you are 
the person at your location that is most knowledgeable about decisions affecting energy using equipment, such as cooling 
and lighting. 1 1 1

1 Current individual is best contact S1
2 Transferred to best contact Repeat 

Q1C 
w/best 
contact 

3 Given best contact’s name and number Appoint
99 Don’t know/refused End

Today we’re conducting a very important study on the energy needs and perceptions of firms like yours.  We are interested 
in how businesses like yours think about and manage their energy consumption.  This survey should take no more than 
about 15 or 20 minutes, and it’s an important opportunity to make sure your views are represented.  You may find it quite 
interesting.

End Thank you for your time and help today.

SCREENER
NTG/DC 
MODEL SR NTG

GROSS/ 
BILLING

Before we get started, let me just ask you a few questions to see if you qualify for our survey:
S1 What is the name of your electric utility company?

1 PG&E S2
2 SCE/Edison S2
3 SDG&E S2

77 Other (specify) T&T
88 Refused T&T
99 Don’t know T&T

S2 Is your location &ADDRESS?
[CONTINUE IF ADDRESS REPORTED BY RESPONDENT IS SIMILAR ENOUGH]

1 Yes S3
2 No, but respondent says it is similar/close enough S3
3 No T&T

88 Refused T&T
99 Don’t know T&T

S3 Does the facility located at &ADDRESS have solar panels? Or are solar panels currently being constructed or planned?  
1 Yes, Present T&T
2 In the process of being constructed or planned T&T
3 No H_17

88 Refused H_17
99 Don’t know H_17
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CUSTOMER CHARACTERISTICS

The questions in this survey concern the facilities located at &SERV_ADDR.  [INTERVIEWERS 
SHOULD RE-READ THIS STATEMENT AS NEEDED THROUGHOUT THE SURVEY TO REMIND 
THE RESPONDENTS]  
The remainder of this survey will refer to your “FACILITY,” which means ALL of the buildings and 
tenants serviced by &IOU under the following billing address: &ADDRESS.

H_17 What is the main business ACTIVITY at your facility?
1 Office H_1
2 Retail (non-food) H_1
3 College/University H_1
4 School H_1
5 Grocery Store H_1
6 Restaurant H_1
7 Health Care H_1
8 Hospital H_1
9 Hotel or Motel H_1

10 Warehouse H_1
11 Construction H_1
12 Community Service/Church/Temple/ Municipality H_1
13 Industrial Process/ Manufacturing/ Assembly H_1
14 Condo Assoc./Apartment Mgr. H_1
15 Other (Please specify) H_1
88 Refused H_1
99 Don’t Know H_1

H_1 How many square feet of heated or cooled floor area is your facility (excluding enclosed parking areea)?
# Square feet H_5

88 Refused H_3
99 Don’t know H_3

H_3 Can you identify the appropriate size range from the following list? 
1 < 1,500 sqft H_5
2 1,500 - 5,000 sqft H_5
3 5,000 - 10,000 sqft H_5
4 10,000 – 25,000 sqft H_5
5 25,000 – 50,000 sqft H_5
6 50,000 – 75,000 sqft H_5
7 75,000 – 100,000 sqft H_5
8 > 100,000 sqft H_5

88 Refused H_5
99 Don’t Know H_5

H_5 If the premise has an enclosed parking garage, approximately what is the floor area?
# Square feet H_7

88 Refused H_7
99 Don’t know H_7

H_7 How many buildings are part of this premise?
# Number of Building on Premise H_9

88 Refused H_9
99 Don’t know H_9

H_9 Does your business own, lease or manage the facility?
1 Own H_15
2 Lease/Rent H_13
3 Manage H_11

88 Refused H_15
99 Don’t Know H_15

ASK IF H_9 =3 (MANAGE)
H_11 Does your company pay the electric and/or gas utility bill?

1 Yes H_15
2 No H_15

88 Refused H_15
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99 Don’t know H_15

ASK IF H_9=2 (LEASE/RENT)

H_13
Which of the following best describes how your organization pays the electric and/or gas utility bill for 
your space at this facility? [READ LIST]

1 You pay &UTILITY directly H_15
2 You pay a fee to your landlord that varies according to the size of the total utility bill H_15
3 You pay a fixed fee to your landlord H_15
4 You do not pay for electric and gas utilities H_15

77 OTHER (Specify) H_15
88 Refused H_15
99 Don't know H_15

H_15
How active a role does your organization take in making lighting and climate control equipment 
purchase decisions at &ADDRESS?   [READ LIST.]

1 Very active – involved in all phases and have veto power    H_19
2 Somewhat active – we approve decisions and provide some input and review H_19
3 Slightly active – we have a voice but it’s not the dominant voice   H_19
4 Not active at all – we’re part of a larger firm or organization H_19
5 Or, not active at all – our organization doesn’t get involved in these issues H_19

88 Refused H_19
99 Don't know H_19

H_19
Approximately how many people are currently working at the facility, including individuals either full- or 
part-time (IF DON'T KNOW ASK FOR BEST GUESS)

# Number of people H_21
88 Refused H_21
99 Don't know H_21

H_21 How many locations does your organization have?
1 1 H_23
2 2 to 4 H_23
3 5 to 10 H_23
4 11 to 25 H_23
5 Over 25 H_23

88 Refused H_23
99 Don't know H_23

H_23  What year was this business established at this location?
# year business established at this location AW0

88 Refused AW0
99 Don't know AW0
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ENERGY EFFICIENCY REQUIREMENTS AND AWARENESS

AW0

Before this phone call, were you aware of the California Solar Initiative Program?  IF NEEDED: the 
program run by the CPUC that provides rebates for the insallation of Solar Panels in California homes 
and businesses.

1 Yes AW1
2 No AW2

88 Refused AW2
99 Don't Know AW2

AW1 How did you first become aware of the California Solar Initiative or "California Solar Initiative" Program?
1 Respondent approached Solar Panel producer AW2
2 Respondent approached Solar Installation Contractor AW2
3 Respondent approached utility AW2
4 Informed by Utility Representative AW2
5 Informed by contractor/ESCO/A&E firm/other 3rd party AW2
6 Received a brochure in mail AW2
7 Bill insert AW2
8 Word-of-mouth from friends, family, co-workers AW2
9 Television, radio, newspaper ad AW2

10 Magazine or trade journal AW2
11 Participation in previous years AW2
12 Community organization such as Chamber of Commerce AW2
13 Respondent called their utility to complain about their electric or gas bill AW2
14 Seminar/Class at the Pacific Energy Center (PEC), Energy Resource Center (ERC) or Customer 

Technology Assessment Center (CTAC )
AW2

15 Seminar or Training Class sponsored by Utility AW2
16 Seminar or Training Class NOT sponsored by Utility AW2
77 Other (SPECIFY) AW2
88 Refused AW2
99 Don’t know AW2

AW2 Has your organization ever considered the installation of solar panels at the facility located at &ADDRESS
1 Yes AW3
2 No NC1

88 Refused NC1
99 Don't Know NC1

AW3 Why has your organizations selected not to install Solar Panels?
1 AW4
3 AW4
4 AW4 Check QUPID for questions and labels and update
5 AW4
6 AW4
7 AW4a
8 AW4
9 AW4

77 Other (SPECIFY) AW4
88 Refused AW4
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99 Don’t know AW4

what does your organization find most appealing about solar technology
What is the primary reason you have not installed solar yet

AW4 Does your organization have a utility account representative?
1 Yes AW4a
2 No NC1

88 Refused NC1
99 Don’t know NC1

AW4a Did your utility account representative discuss or recommend the installation of Solar Panels?
1 Yes NC1
2 No NC1

88 Refused NC1
99 Don’t know NC1

NC1 When was this facility first constructed?...Was it
1 2005-2009 NC3
2 2000-2004 S3
3 1990s S3
4 1980s S3
5 1970s S3
6 1960s S3
7 1959 or earlier S3

88 Refused S3
99 Don't know S3

NC3 By what percent - if at all - did the facility design exceed Title 24 energy efficiency requirements?
% Percent by which facility exceeded Title 24 efficiency requirements, enter zero if they did not exceed 

requirement
S3

88 Refused S3
99 Don't know S3

S3
To the best of your knowledge, has the facility located at &ADDRESS received a &UTILITY-sponsored 
energy audit within the past 3 years? 
[IF NEEDED] &UTILITY audits are based on an energy survey collected by phone, mail, CD ROM, on-
line or by an on-site representative.  Energy efficiency recommendations are provided to each 
participating facility.

1 Yes AW_8
2 No LF_1

88 Refused LF_1
99 Don’t know LF_1

AW_8 What type of audit was completed for your facility?  (IF NEEDED: was the audit completed online, or 
through the phone, by mail or by an auditor that visited your facility in person?)
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1 Online AW_8a
2 Phone AW_8a
3 Mail AW_8a
4 On-Site AW_8a
5 CD-ROM AW_8a

77 other (specify) AW_8a
88 Refused AW_8a
99 Don't know AW_8a

AW_8a Was the ...&AW_8… Energy Efficiency Audit sponsored by &IOU?  Or, by another firm or energy 
services provider?

1 Sponsored or Provided by &IOU AW_9
2 Sponsored or Provided by another firm or energy services provider AW_9

77 Other (SPECIFY) AW_9
88 Refused AW_9
99 Don't know AW_9

AW_9 What year was the energy efficiency audit completed for the facility located at &ADDRESS?
1 2006 LF_1
2 2007 LF_1
3 2008 LF_1
4 2009 LF_1

88 Refused LF_1
99 Don't know LF_1
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LARGE FACILITIES
ASK if H_1 greater than or equal to 100,000 or H_3 =8 AND NC1 NOT EQUAL TO 1 
(NEW CONSTRUCTION); ELSE SKIP TO P1

LF_1

Over the past 3 years, has your facility been "benchmarked"? (IF NEEDED: Benchmarking is 
a way to compare your facilities energy consumption to an efficiency standard, and sometime 
is conducted with a tool called "Portfolio Manager")

1 Yes LF_2
2 No LF_5

88 Refused LF_5
99 Don’t know LF_5

LF_2 Who performed the benchmarking?  
1 Certified Energy Plans Examiner (CEPE) LF_3
2 Professional Engineer (PE) LF_3
3 Building Facilities Manager LF_3
4 Solar Contractor/Installer LF_3

77 Other (SPECIFY) LF_3
88 Refused LF_3
99 Don't know LF_3

LF_3 What was your facility's benchmark score?
# Score LF_5

88 Refused LF_5
99 Don’t know LF_5

LF_5 Over the past 5 years, has a Retro-Comissioning assessment been performed at the facility?
1 Yes LF_7
2 No P1

88 Refused P1
99 Don’t know P1

LF_7 In what year was the Retro-Commissioning performed?
1 2005 P1
2 2006 P1
3 2007 P1
4 2008 P1
5 2009 P1

88 Refused P1
99 Don't know P1
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CUSTOMER ATTITUDE
ASK ALL

P1
In marketing materials or in communications with customers, does your organization highlight the ways in which it is
environmentally conscious?

1 Yes P5
2 No P5

77 Other (Specify) P5
88 Refused P5
99 Don't know P5

P5
Has your organization assigned responsibility for controlling energy usage and costs to any of the
following? [READ LIST]

1 An in-house staff person P7
2 a group of staff P7
3 an outside contractor P7
4 No P7

88 Refused P7
99 Don't know P7

P7

Has your organization developed a specification policy for the selection of energy-efficient equipment? (EXAMPLES:
REQUIREMENT THAT ALL NEW FLUORESCENT LIGHTING SYSTEMS USE ELECTRONIC BALLASTS, OR THAT 
ALL NEW MOTORS BE PREMIUM EFFICIENCY.) 

1 Yes P9
2 No P9

88 Refused P9
99 Don't know P9

P9
What investment criterion, if any, does your firm use when applying investment analysis to energy efficient equipment 
selection? [ACCEPT ONLY ONE. PROMPT IF NECESSARY]

1 Payback period P11
2 Internal rate of return P11
3 Life-cycle cost analysis P11

77 Other (specify) P11
78 No criteria used P11
88 Refused P11
99 Don't know P11

P11
Thinking in terms of project payback, what is the payback period that your organization typically requires to approve 
energy efficiency investments? 

# Number of years P15
88 Refused P15
99 Don't know P15

P15

What do you estimate is the maximum percentage by which your facility’s total annual electricity consumption could be
reduced by implementing all cost-effective energy-efficiency opportunities? [NOTE THAT THIS PERCENTAGE IS OF 
SAVINGS THAT COULD BE REALIZED BY DOING ALL POSSIBLE COST-EFFECTIVE ENERGY-RELATED 
PROJECTS BEYOND THOSE PREVIOUSLY IMPLEMENTED.]

% Percentage P17
88 Refused P17
99 Don't know P17

P17
Using a scale from 0 to 10, where 0 means not at all knowledgable and 10 means very knowledgable, how would you
rate your organization’s knowledge of energy savings opportunities for lighting?

# Rating 0 to 10 P19
88 Refused P19
99 Don't know P19

P19
And using the same 1 to 10 scale, how would you rate your organization’s knowledge of energy savings opportunities
for HVAC systems?

# Rating 1 to 10 P21
88 Refused P21
99 Don't know P21

P21 How knowledgable is your organization on other energy savings opportunities?
# Rating 1 to 10 P23

88 Refused P23
99 Don't know P23

ASK IF S3=YES; ELSE SKIP TO LE_1
The intention of the Audit is to inform customers of the benefits of energy efficient technologies, and recommend those 
that are most appropriate to their facility.  Thinking about this goal, please tell me how much the audit accomplished in 
the following areas:
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P23
How much did the Audit improve your knowledge of the energy efficient technologies that would benefit your 
business… Would you say your knowledge improved…

1 A lot P25
2 Somewhat or, P25
3 Not at all P25

88 Refused P25
99 Don't know P25

P25
How much more confident are you about the energy savings you can expect to gain through energy efficient 
equipment?  Did the Audit increase your confidence…

1 A lot LE_1
2 Somewhat, or LE_1
3 Not at all LE_1

88 Refused LE_1
99 Don't know LE_1
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LIGHTING EQUIPMENT BATTERY

In the next section we’ll be discussing the lighting systems at your facility.

LE_1

What are the primary types of lighting used at your facility? [DO NOT READ, BUT PROBE TO GET SPECIFIC 
CATEGORIES; RECORD MULTIPLE MENTIONS BY RESPONDENT, AND SAY "ANY OTHERS" UNTIL UP TO FOUR 
HAVE BEEN MENTIONED]

1 High Performance T8 LE_3
2 T8 fluorescent fixtures (1” diameter bulbs) LE_3
3 T10 fluorescent fixtures LE_3
4 T12 Fixtures (1.5” diameter bulbs) LE_3
5 HID (High Density Discharge) Fixtures, Compact LE_5
6 Compact Fluorescent, Screw-in Modular LE_7
7 Compact Fluorescent, Hardwire LE_7
8 Incandescent LE_7
9 Other Fluorescent LE_7

10 Fat/Thick Tubes LE_3
11 Skinny/Thin Tubes LE_3
12 T5 Fixtures (5/8” diameter) LE_3
77 Other (PLEASE SPECIFY) LE_7
88 Refused LE_7
99 Don't know LE_7

If Linear Fluorescent (LE_1 in 1,2,3,4,9,10,11,12)
LE_3 Are the ballasts electronic or magnetic?

1 Electronic ballasts LE_7
2 Magnetic ballasts LE_7

88 Refused LE_7
99 Don't know LE_7

ASK IF LE_1=5
LE_5 Are the HID lamps High Pressure Sodium, Metal Halide, Mercury Vaper or Incandescent?

1 High pressure sodium LE_7
2 Metal Halide LE_7
3 Mercury Vaper LE_7
4 Incandenscent LE_7

88 Refused LE_7
99 Don't know LE_7

LE_7 How old is the lighting equipment currently in use at your facility? Would you say…
1 Less than 5 years old LX_1
2 Between 5 and 10 years old LX_1
3 Between 10 and 15 years old LX_1
4 More than 15 years old LX_1

88 Refused LX_1
99 Don't know LX_1

Comment

One way that businesses can reduce their energy use is to install more energy efficient equipment.  Since one of the factors
that influences energy use is the kind of equipment a business has, we would like to ask you about lighting equipment 
purchases you have made since January 2006. LX_1

If EXP_LT_TECH1 not equal to "-" then ask LX_1; else skip to L_1
For up to 3 Rebated Measures ASK LX_1 THROUGH LX_11:

LX_1
Our records indicate that your company installed a &EXP_LT_TECH1 through the &REB_PROGRAM program, is this 
correct?

1 Yes L_1
2 No L_1

88 Refused L_1
99 Don't know L_1

END REBATED MEASURE LOOP
READ COMMENT IF Express Lighting Participant

Comment
Thank you for discussing the new lighting equipment that you installed through the &IOU Rebate Program.  Next, I would like 
to discuss any other lighting equipment you might have installed since January 2006… L_1

L_1

Since January 2006, have you made any changes in indoor lighting equipment at &ADDRESS other than the routine
replacement of burned out bulbs? This would include changes to fixtures or ballasts, and the addition of reflectors or lighting 
controls.

1 Yes L_3
2 No CE_1

88 Refused CE_1
99 Don't know CE_1
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L_3

What type of fixtures, ballasts or lighting controls were installed as part of this lighting retrofit? [SELECT ALL THAT APPLY, 
AFTER EACH RESPONSE, PROMPT WITH,] Did you install any other reflectors, lighting controls, or lighting fixtures since 
January 2003?” [ SELECT ALL THAT APPLY ] [DO NOT READ] LTECH_1B

1 High performance T8 fluorescent fixtures (1” diameter bulbs) Fixtures L_5
2 T8 fluorescent fixtures (1” diameter bulbs) Fixtures L_5
3 T10 fluorescent fixtures Fixtures L_5
4 T12 Fixtures (1.5” diameter bulbs) Fixtures L_5
5 HID (High Density Discharge) Fixtures, Compact Fixtures L_5
6 Compact Fluorescent, Screw-in Modular Lamps L_5
7 Compact Fluorescent, Hardwire Lamps L_5
8 Incandescent Lamps L_5
9 Exit Signs, Compact Fluorescent Fixtures L_5

10 Exit Signs, LED Fixtures L_5
11 Halogen Fixtures L_5
12 Install Reflectors Reflectors L_5
13 Electronic Ballast Ballasts L_5
14 Magnetic Ballast Ballasts L_5
15 Lighting Controls, Time Clock Timers L_5
16 Lighting Controls, Occupancy Sensor Sensors L_5
17 Lighting Controls, Bypass/Delay Timers Timers L_5
18 Lighting Controls, Photocell Photocells L_5
19 Other Fluorescent Fixtures L_5
20 Fat/Thick Tubes Fixtures L_5
21 Skinny/Thin Tubes Fixtures L_5
22 T5 Fixtures (5/8” diameter) Fixtures L_5
77 Other (PLEASE SPECIFY) - L_5

FOR EACH LIGHTING TECHNOLOGY MENTIONED LOOP THROUGH L_5 TO L_31
L_5 In what year did you install LIGHT_TECH1? (PROBE FOR BEST GUESS)

1 2006 L_17
2 2007 L_17
3 2008 L_17
4 2009 L_17

88 Refused L_17
99 Don't know L_17

L_17
Was the installation of &LIGHT_TECH1 part of a &IOU program or any other utility or government energy efficiency incentive 
program?

1 Yes L_19
2 No L_21

88 Refused L_21
99 Don’t know L_21

L_19 What program or organization provided this Rebate?
1 &IOU Express Efficiency Program L_21
2 &IOU Standard Performance Contract Program (SPC) L_21

77 Other L_21
88 Refused L_21
99 Don't know L_21

ASK If L_3 in (1, 2, 3, 4,19, 20, 21,22)

L_21
Regarding LIGHT_TECH1 how long are the fluorescent tubes, 2 feet, 4 feet, 6 feet, or 8 feet long?[IF MULTIPLE LENGTHS
ENTER IN “OTHER SPECIFY” CATEGORY]

1 2 feet L_23
2 4 feet L_23
3 6 feet L_23
4 8 feet L_23

77 Other - SPECIFY L_23
88 Refused L_23
99 Don't know L_23

ASK If L_3 in (1, 2, 3, 4,19, 20, 21,22)

L_23
 How many fixtures were retrofitted or replaced as part of the installation of LIGHT_TECH1? [PROBE FOR AT LEAST A 
ROUGH NUMBER!]

&NUM Number of fixtures L_25
88 Refused L_25
99 Don't know L_25

ASK If L_3 in (1, 2, 3, 4,19, 20, 21,22)
L_25 Regarding LIGHT_TECH1 on average how many lamps are there per associated fixture?

1 Number L_27
77 Other (SPECIFY) L_27
88 Refused L_27
99 Don’t Know L_27
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ASK If L_3 in (1, 2, 3, 4,19, 20, 21,22)
L_27 Were these lights installed on a ceiling of 15 feet or higher?

1 Yes L_29
2 No L_29

88 Refused L_29
99 Don't know L_29

ASK IF L_3 =5; else skip to L_31
L_29 Were the HID lamps you installed High Pressure Sodium, Metal Halide, Mercury Vaper or Incandescent?

1 High pressure sodium L_31
2 Metal Halide L_31
3 Mercury Vaper L_31
4 Incandenscent L_31

88 Refused L_31
99 Don't know L_31

ASK IF L_3 in (5 though 18 or 77)

L_31

Regarding [L_3 MEASURE] how many &L_TECH1B did you install? [RECORD NUMBER][PROBE: IMPORTANT THAT WE 
GET AT LEAST A ROUGH ESTIMATE OF THE NUMBER OF FIXTURES, LAMPS, SENSORS, BALLASTS, OR OTHER 
UNITS DESCRIBED BY THE RESPONDENT]

# Number of L_3 MEASURE CE_1
88 Refused CE_1
99 Don't know CE_1
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COOLING

ASK ALL
CE_1 What type of equipment is used to cool this facility?

1 No A/C GX_1
Split system 
(two components;  compressor is separate from the supply air fan)
Packaged systems 
(one component; rooftop units)
Package Terminal A/C 
(e.g., Hotel/Motel units)
Evaporative coolers 
(swamp coolers)
Water Chiller 
(Central Plant)
Individual A/C or Heat Pump Units (e.g., Unitary Equipment, Central A/C with multiple units, single unit 
for small business)
NOTE:(ask if split or package system)

77 Other (Specify) CE_3
88 Refused CE_3
99 Don’t Know CE_3

CE_3 How old is the cooling equipment currently in use at your facility? Would you say…
1 Less than 5 years old CE_5
2 Between 5 and 10 years old CE_5
3 10 to 20 years old CE_5
4 more than 20 years old CE_5

88 Refused CE_5
99 Don't know CE_5

CE_5 What is the primary fuel used by the equipment for cooling?
1 Electricity CE_7
2 Natural Gas CE_7
3 Both Electricity and Gas CE_7
4 Other (PLEASE SPECIFY) CE_7
8 Refused CE_7
9 Don’t Know CE_7

CE_7 Does the space cooling system include an economizer?
1 Yes CX_1
2 No CX_1

88 Refused CX_1
99 Don't know CX_1

ASK IF REBATED COOLING PARTICIPANT
ASK CX_1 THROUGH CX_11 FOR UP TO THREE REBATED MEASURES

CX_1
Our records indicate that your company installed a &EXP_CL_TECH1 through the &REB_PROGRAM 
Program, is this correct?

1 Yes C_1
3 No C_1

88 Refused C_1
99 Don't know C_1

END REBATED COOLING MEASURE LOOP
READ COMMENT IF Express Cooling Participant

Comment

Thank you for discussing the new cooling equipment that you installed through the &IOU Rebate 
Programs.  Next, I would like to discuss other cooling equipment you might have installed since January 
2006…

ASK ALL

C_1
Since January of 2006, have you made any changes related to the cooling equipment at &ADDRESS, 
including air conditioning units, programmable thermostats, or HVAC controls?"

1 Yes C_3
2 No GX_1

88 Refused GX_1
99 Don't know GX_1

C_3 What types of equipment were installed as part of the cooling retrofit? &CTECH_1B
1 Split system air conditioners (Two components; compressor is separate from the supply air fan)

Units
C_5

2 Packaged air conditioning systems (one component) Units C_5
3 Package Terminal A/C (e.g. Hotel/Motel units) Units C_5

5 CE_3

6 CE_3

7 CE_3

2 CE_3

3 CE_3

4 CE_3
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4 Remote Condensing Unit Units C_5
5 Evaporative coolers (Swamp coolers) Units C_5
6 Water Chiller(s) n/a C_5
7 Evaporative Condenser Units C_5
8 Cooling Tower Towers C_5
9 Adjustable Speed Drives Drives C_5

10 Energy Management System n/a C_5
11 Reflective Window Film Square Feet of 

Window Film
C_5

12 HVAC Controls: Bypass Timer Timers C_5
13 HVAC Controls: Time Clock Timers C_5
14 HVAC Controls: Set-Back Programmable Thermostat Thermostats C_5
15 Thermal Energy Storage (Ice Storage, Chilled Water Storage) System n/a C_5
16 Individual A/C or Heat Pump Units (e.g., Rooftop units, Unitary Equipment, Central A/C with 

multiple/single unit) NOTE: Ask if split or package system) Units
C_5

17 Window/Wall Air-Conditioning Units Units C_5
77 Other (SPECIFY) n/a C_5

FOR EACH COOLING TECHNOLOGY MENTIONED LOOP THROUGH C_5 TO C_37
C_5 In what year did you install COOL_TECH1?

1 2006 C_17
2 2007 C_17
3 2008 C_17
4 2009 C_17

88 Refused C_17
99 Don't know C_17

C_17
Was the installation of &COOL_TECH1 part of a <%UTILITY> program or any other utility or government 
energy efficiency incentive program?

1 Yes C_19
2 No C_21

88 Refused C_21
99 Don’t know C_21

C_19 What program or organization provided this Rebate?
1 &IOU Express Efficiency Program C_21
2 &IOU Standard Performance Contract Program (SPC) C_21

77 Other C_21
88 Refused C_21
99 Don't know C_21

ASK IF COOL_TECH1 NOT  in (15,10,77)
C_21 Regarding the &COOL_TECH1 how many &C_TECH1B were installed at &SERV_ADDR?

# Number C_23
88 Refused C_23
99 Don't know C_23

ASK IF COOL_TECH1  IN (1,2,3,5,16,17)
C_23 Please tell me the combined capacity, in tons, of all the new COOL_TECH1 that were installed?

# Number C_25
88 Refused C_25
99 Don't know C_25

ASK IF COOL_TECH1 in (4,7,8)
C_25 For the new &COOL_TECH1, Please tell me the combined heat rejection in BTU's.

# Number C_27
88 Refused C_27
99 Don't know C_27

ASK IF COOL_TECH1 =9

C_27
For the new Adjustable Speed Drive(s), please tell me the combined Horse-Power of the controlled 
motors.

# Number C_29
88 Refused C_29
99 Don't know C_29

ASK IF COOL_TECH1 =6; 
C_29 What types of new chillers were installed? Are they… [READ CATEGORIES]?

1 Water-cooled C_31
2 Air-cooled C_31

77 Other (specify) C_31
88 Refused C_31
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99 Don’t Know C_31

ASK IF COOL_TECH1 in (1,2,3,4,7,8,16,17,77(other))
C_31 Was/were the COOL_TECH1 that you installed standard or high efficiency?

1 Standard Efficiency C_35
2 High Efficiency C_35

88 Refused C_35
99 Don't know C_35

C_35 Do you recall the units for the efficiency rating of COOL_TECH1 (such as EER)?  [RECORD UNITS]
1 EER (Energy Efficiency Ratio) C_37
2 SEER (Seasonal Energy Efficiency Ratio) C_37
1 COP (Coefficient of Performance) CHILLER ONLY C_37
2 kW/Ton (kilowatts per Ton) CHILLER ONLY C_37

77 Other (SPECIFY) C_37
88 Refused C_37
99 Don't know C_37

C_37 How do you distinguish between high efficiency and standard efficiency?
1 Contractor GX_1
2 Utility recommendation GX_1
3 Efficiency rating GX_1
4 KW/ton GX_1
5 Coefficient of performance / COP GX_1
6 Energy efficiency ratio / EER GX_1
7 Supplier GX_1
8 Manufacturer GX_1

77 Other (SPECIFY) GX_1
99 Don’t Know GX_1

Thank you for discussing each cooling equipment purchase that you’ve made recently.  Next, I'd like to 
discuss the Gas Appliances and equipment at your facility
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GAS EQUIPMENT
ASK GX_1 THROUGH GX_7 FOR UP TO THREE REBATED MEASURES

GX_1 Our records indicate that your company installed a &EXP_GS_TECH1 through the &REB_PROGRAM program, is this correct?
1 Yes G_1
3 No G_1

88 Refused G_1
99 Don't know G_1

END REBATED GAS MEASURE LOOP

READ COMMENT IF Rebate Program Gas Participant

Comment
Thank you for discussing the new gas equipment that you installed through the &IOU Rebate Programs.  Next, I would like to
discuss any other gas equipment you might have installed since January 2006…

ASK ALL

G_1
Since January 2006, have you installed any gas appliances at your facility, such as a boiler, water heater, furnace, or gas booster
for dishwashers?

1 Yes G_3
2 No OX_1

88 Refused OX_1
99 Don't know OX_1

G_3
What types of gas appliances were installed? [DO NOT READ] [AFTER EACH RESPONSE, PROMPT WITH, “Did you install 
any other gas appliances at your facility since the &IOU Audit on &AUDDATE?”]

1 Boilers G_5
2 Water heaters G_5
3 Furnaces G_5
4 Gas boosters for dishwasher G_5
5 Gas range (stove) G_5
6 Clothes dryer G_5

77 Other (specify) G_5
88 Refused G_5
99 Don’t know G_5

FOR EACH GAS TECHNOLOGY MENTIONED LOOP THROUGH G5 TO G29
G_5 In what year did you install GASAPP1?

1 2006 G_13
2 2007 G_13
3 2008 G_13
4 2009 G_13

88 Refused G_13
99 Don't know G_13

G_13
Was the installation of &GAS_APP1 part of a <%UTILITY> program or any other utility or government energy efficiency incentive
Program?

1 Yes G_15
2 No G_17

88 Refused G_17
99 Don’t know G_17

G_15 What program or organization provided this Rebate?
1 &IOU Express Efficiency Program G_17
2 &IOU Standard Performance Contract Program (SPC) G_17

77 Other G_17
88 Refused G_17
99 Don't know G_17

G_17 How many GASAPP1 did you install?
# Number G_19

88 Refused G_19
99 Don't know G_19

ASK IF &GAS_APP1 = WATER HEATER
G_19 Do you recall the Energy Factor of the new water heater? [NOTE, EXPECTED RANGE IS FROM 0.50 to 0.99

# Energy Factor G_21
88 Refused G_21
99 Don't know G_21

ASK IF &GASAPP1 IS BOILER OR FURNACE; ELSE SKIP TO G_27
G_21  Do you recall the AFUE rating of the [Boiler/Gas Furnace]? [NOTE, EXPECTED RANGE IS FROM 70% TO 99%]

# AFUE Rating (should be in the range of 70 to 100) G_23
88 Refused G_23
99 Don't know G_23
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ASK IF &GASAPP1 IS BOILER OR FURNACE

G_23
What is the capacity of the new [Boiler/Water Heater]? [IF NEEDED: Please provide the capacity in conjunction with the 
corresponding units.]

&CAP Capacity G_25
88 Refused G_25
99 Don't know G_25

ASK IF &GASAPP1 IS BOILER OR FURNACE
G_25 What are the units of capacity for the new [Boiler/Water Heater]? [IF NEEDED: such as Btu's or British Thermal Units.]

&UNIT Units G_27
88 Refused G_27
99 Don't know G_27

G_27 Was the new GASAPP1 that you installed standard or high efficiency?
1 Standard efficiency G_29
2 High efficiency G_29

88 Refused G_29
99 Don't know G_29

G_29 How do you distinguish between an energy efficient and a standard efficiency GASAPP1? [DON’T READ
1 Contractor OX_1
2 It’s new, so efficient OX_1
3 AFUE (Annual Fuel Utilization Efficiency) OX_1
4 Energy Star Label OX_1
5 EF/Energy Factor OX_1
6 RE/Recovery Efficiency OX_1
7 Efficiency Rating OX_1
8 Utility recommendation, rebate OX_1

77 Other (specify) OX_1
88 Refused OX_1
99 Don’t know OX_1
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OTHER CHANGES
FOR UP TO 3 REBATED OTHER TECHNOLOGY ADOPTIONS, LOOP THROUGH OX_1 TO OX_15

OX_1
Our records indicate that your company installed a &EXP_OT_TECH1 through the &REB_PROGRAM Program, is this 
correct?

1 Yes OX_13
2 No O_1

88 Refused O_1
99 Don't know O_1

OX_13
Was any equipment removed and replaced when your organization installed &EXP_OT_TECH1 through the 
&REB_PROGRAM Program?

1 Yes OX_15
2 No O_1

88 Refused O_1
99 Don’t know O_1

OX_15 What fuel did the removed equipment use, was it…
1 Electricity O_1
2 Gas O_1

77 Other (do not read) (Record verbatim) O_1
88 Refused O_1
99 Don’t Know                               O_1

END REBATED OTHER MEASURE LOOP

READ COMMENT IF Rebate Program "Other" Participant

Comment
Thank you for discussing the new energy efficient equipment that you installed through the &IOU Rebate Programs.  
Next, I would like to discuss any other energy efficient equipment you might have installed since January 2006…

O_1
Since January 2006, have you added or replaced other equipment that is expected to affect overall energy
consumption?

1 Yes O_3
2 No N_1

88 Refused N_1
99 Don't know N_1

O_3
Which of the following types of equipment were installed since January 2006? (READ FIRST FIVE THEN ASK FOR 
OTHER)

1 Industrial Processing Equipment O_5
1 Food Service Equipment O_5
2 Water Heating Equipment O_5
3 Outdoor Lighting Equipment O_5
4 Refrigeration Equipment O_5
5 Motors O_5

77 Other (SPECIFY) – 1st mention O_5
78 Other (SPECIFY) – 2nd mention O_5
79 Other (SPECIFY) – 3rd mention O_5
88 Refused N_1
99 Don’t Know                               N_1

FOR EACH &OTHER_EQUIP REPORTED LOOP THROUGH O_5 - O_31
O_5 What type of Fuel does &OTHER_EQUIP1 run on?

1 Electricity O_7
2 Gas O_7

77 Other O_7
88 Refused O_7
99 Don’t Know                               O_7

O_7 Please describe the type(s) of &OTHER_TECH1 that was (were) installed?
77 Record verbatim O_9
88 Refused O_9
99 Don't know O_9

O_9 Please describe the sizes and quantity(s) of &OTHER_TECH1 that was (were) installed?
77 Record verbatim O_11
88 Refused O_11
99 Don't know O_11

O_11 Please describe the efficiency level of &OTHER_TECH1 that was (were) installed?
77 Record verbatim O_13
88 Refused O_13
99 Don't know O_13
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O_13 In what year did you install &OTHER_EQUIP1?
1 2006 O_25
2 2007 O_25
3 2008 O_25
4 2009 O_25

88 Refused O_25
99 Don't know O_25

O_25
Was the installation of &OTHER_TECH1 part of a &IOU program or any other utility or government energy efficiency
incentive Program?

1 Yes O_27
2 No O_29

88 Refused O_29
99 Don’t know O_29

O_27 What program or organization provided this Rebate?
1 &IOU Express Efficiency Program O_29
2 &IOU Standard Performance Contract Program (SPC) O_29

77 Other O_29
88 Refused O_29
99 Don't know O_29

O_29 Was equipment removed and replaced when your organization installed &OTHER_TECH1?
1 Yes O_31
2 No N_1

88 Refused N_1
99 Don’t know N_1

O_31 What fuel did the removed equipment use, was it…
1 Electricity N_1
2 Gas N_1

77 Other (do not read) (Record verbatim) N_1
88 Refused N_1
99 Don’t Know                               N_1
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CONSERVATION MEASURES

I’m going to continue by discussing any actions your business may have taken to reduce or manage your energy use.  We’re going 
to start with energy conservation actions that you do every day to reduce your overall energy usage without changing or adding new 
equipment  

N_1
Other than installing new equipment, have you taken any energy conservation actions since January 2006 to reduce your overall 
energy use, such as routinely turning off lights or changing thermostat settings?  

1 Yes N_3
2 No N_13

88 Refused N_13
99 Don't know N_13

N_3

What energy conservation actions have you taken that effect electricity and natural gas consumption for the facility at &ADDRESS?  
[SELECT ALL THAT APPLY] [DO NOT READ] [PROMPT AFTER EACH RESPONSE WITH, “Have you taken any other energy 
conservation actions?”]

1 Turn off office equipment such as PCs, monitors, printers and copiers when not in not in use, at night and during the weekend 
N_5

2 Setting thermostats lower when heating N_5
3 Setting thermostat higher when cooling N_5
4 Schedule high electrical energy-use processes during off-peak periods where feasible. N_5
5 Turn off any lights that are not being used, for example, unused offices and conference rooms N_5
6 Turn down the remaining lighting levels if you can N_5
7 (If available) Use dimmer switches to lower lights N_5
8 Set air conditioning thermostats to pre-cool spaces at off-peak times N_5
9 Establish a system to alert employees of expected high demand days including, but not limited to E-mail, voice mail, or public 

address announcement to all employees N_5
10 Reprogram energy management system (EMS) schedule N_5
11 Turn off your computer if you are out of the office for more than a few minutes N_5
12 Turn off your monitor if you are out of the office for more than a few minutes N_5
13 Set computer to low power standby mode N_5
14 Turn off personal appliances, such as coffee pots and radios N_5
15 Use e-mail to distribute documents instead of faxes and copiers N_5
16 Make copies double-sided N_5
17 Wear comfortable business attire. Dress appropriately for temperatures N_5
18 Run backup generator at times of peak demand N_5
77 Other (SPECIFY) N_5

For each conservation measure ask:
N_5 What year did you begin &CONS_MEAS1?

1 2006 N_13
2 2007 N_13
3 2008 N_13
4 2009 N_13

66 Before 2006 (Go Back and Remove - Only want actions began after January 2006) N_13
88 Refused N_13
99 Don't know N_13

N_13
Does &IOU charge and credit your electricity account differently depending on the time of day the electricity is consumed or 
generated?

1 Yes N_15
2 No N_21

88 Refused N_21
99 Don't know N_21

N_15 Does this rate structure change the policies, procedures or practices at your facility in any way?
1 Yes N_17
2 No N_21

88 Refused N_21
99 Don't know N_21

N_17 How has the rate structure changed the way your organization operates?
77 Record Verbatim N_21
88 Refused N_21
99 Don't know N_21

N_21
Does your organization have any plans to replace equipment at your facility that runs on gas with similar equipment that runs on 
electricity?

1 Yes N_23
2 No N_27

88 Refused N_27
99 Don't know N_27

N_23 What type of electric equipment does your organization plan to install that will replace gas equipment?
77 Record Verbatim N_25
88 Refused N_25
99 Don't know N_25

N_25 Which year is this equipment planned to be installed?
1 2009 N_27
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2 2010 N_27
3 2011 N_27
4 2012 N_27
5 2013 or later N_27

88 Refused N_27
99 Don’t know N_27

N_27
Besides what we have already discussed, does your organization have any plans to install new electrical equipment that will 
increase electrical consumption by more than 10 percent?

1 Yes N_29
2 No END

88 Refused END
99 Don't know END

N_29 What equipment does your organization plan to install?
77 Record Verbatim N_31
88 Refused N_31
99 Don't know N_31

N_31 In which year is this equipment planned to be installed?
1 2009 END
2 2010 END
3 2011 END
4 2012 END
5 2013 or later END

88 Refused END
99 Don’t know END

END Those are all the questions I have for you today, on behalf of the CPUC we thank you very much for your time and cooperation.
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INTRODUCTION AND FINDING CORRECT RESPONDENT

Introduction:

May I please speak to the manager or the person at your firm most familiar with the CSI
program applications

Name Record NAME Title
Title Record TITLE Phone
Phone Record PHONE Fax
Email Record EMAIL S1

SCREENING/FIRMOGRAPHICS

Provide background on the survey and CSI Impact Eval project: As a part of the Impact 
Evaluation study of the CSI program, Itron is conducting phone surveys of solar contractors 
that are program participants to gather information about their interaciton with the program. 
Itron is also conduting phone surveys of solar customers both res and non res, as well as 
conducting site inspections on a subset of sites. So it is possibe that one of your sites may be 
inspected as a part of this Impact Evaluation study, just so that you are aware if you hear about 
it from any of your customers.

S1 Which of the following best describes your Solar contractor business.?
1 Primarily Solar contractor S3
2 Roofing contractor S3
3 General contractor S3
4 PPA Provider S3
5 Electrical contractor S3

77 [DON’T READ] Other S3
88 Refused S3
99 Don’t Know S3

S3 What percentage of your business is related to solar

% Percent S4
88 Refused End
99 Don’t Know End

S4 What percentage of your business is related to solar PV and what % solar thermal

1 Percent solar PV S4-2
2 Percent solar thermal S5

88 Refused S5
99 Don’t Know S5

S5 What market sector/s does you company cover for solar installations?

1 Single family residential S7
2 Multifamily residential S7
3 Affordable housing S7
4 Small scale commercial (under 10kW) S7
5 Large scale commercial (larger than 10kW) S7

77 Other (Specify) S7
88 Refused End
99 Don’t Know End

S6 What is the predominant market sector that you serve?

1 List market sector from S5 S7
88 Refused End
99 Don’t Know End

S7

Approximately what percent of your business revenues come from the installation of PV
systems that receive incentives under the California Solar Initiative Program, operating in the
PG&E, SCE and SDG&E service territories?
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1 Percent S9

88 Refused End
99 Don’t Know End

S9
What type of CSLB (California State Licensing Board) license does your company use for the PV
installations? (Interviewer prompt these as options A, B, C-10 or C-46)

1 C-10, Electric contracting license S13
2 C-46, Solar Contractor license S13
3 A, general engineering contractor license S13
4 B, General Building Contractor license S13

77 Record verbatim S13
88 Refused S13
99 Don’t Know S13

S13

Can you tell me the number of installers employed in your company and their NABCEP 
certification status? (Explain NABCEP if required: it is North American Board of Certified Energy 
practitioners certification)

a Total number of installers S13b
b % of installers that are NABCEP certified for PV S15

88 Refused S15
99 Don’t Know S15

GENERAL INFORMATION ABOUT YOU AND YOUR COMPANY
I’d like to start with some general information about you and your company.

Q1 How long has your company been in the SOLAR business?

77 # years Q3
88 Refused Q3
99 Don’t Know Q3

Q3 How many offices does your company have in CA?

77 Number of other locations Q5
88 Refused Q7
99 Don’t Know Q7

Q5
Q5. About how many full-time employees does your company employ at all locations in CA
currently? Specify in FTE CT - MS

77 # employees Q7
88 Refused Q7
99 Don’t Know Q7

Q7 Did the number of FTE shrink or grow in the last 12 months?

1 The number of FTE shrank Q8
2 The number of FTE grew Q8
3 FTE stayed the same over the past 12 months Q9
77 other (SPECIFY) Q9
88 Refused Q9
99 Don’t Know Q9

Q8 By how much did the FTE change over the past 12 months? (prompt for best guess, record in FTE)
&num Change in number of FTE Q9
88 Refused Q9
99 Don't know Q9

Q9 Do you expect the number of FTE to grow or shrink measurably over the next 12 months?

1 Expect the number of FTE to shrink Q10
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2 Expect the number of FTE to grow Q10
3 Expect the FTE to stay the same over the next 12 months Q11
4 Have no expectations either way Q11
77 other (SPECIFY) Q11
88 Refused Q11
99 Don’t Know Q11

Q10 By how much do you expect the FTE to change ? (record in FTE)
&num Expected change in number of FTE Q11
88 Refused Q11
99 Don't know Q11

Q11 How would you describe your company's 3 year business outlook, would you say it is..
1 Positive, you expect business to grow and be profitable Q12
2 Neutral, business looks steady, or Q12
3 Negative, expect business to decline Q12
77 Other specify Q12
88 Refused R1
99 Don't know R1

Q12 Why do you say that?
77 Record Verbatim R1
88 Refused R1
99 Don't know R1
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SOLAR EXPERIENCE
Now I would like to discuss your experience in the solar industry

First 
contact

R1
Typically, do your customers already know about the CSI solar incentives when
you first connect with them? CT

1 Yes R3
2 No R3

88 Refused R3
99 Don’t Know R3

R3
Is there typically a site visit by a technical person before signing a contract to 
complete a PV installation?

1 Yes R5
2 No R5

88 Refused R5
99 Don’t Know R5

R5 Does your company typically size the system for customers?
1 Yes R7
2 No R9

88 Refused R9
99 Don’t Know R9

R7
How does your company determine the correct PV system sizing? (Read list only if 
the responder is not forth coming. Check all that apply)

a Utility bills R9

b Roof/or other space availability R9
c Inverter size limits R9
d Customer reported usage (kwh or $) R9
e Customer expectation in future consumption changes R9
f Others (record verbatim) R9

88 Refused R9
99 Don’t Know R9

R9
Does your company conduct an onsite inspection with regards to shading prior to 
signing a contract for the sale of the system?

1 Yes R10
2 No R13

88 Refused R13
99 Don’t Know R13

R10 Do your staff use any shade assessment tools or devices? 
1 Yes R11
2 No R12

88 Refused R13
99 Don’t Know R13

R11 Which shade assessment tools or devices does your staff use?
77 List the devices/tools verbatim R12
88 Refused R12
99 Don’t Know R12
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R12
Do you perform any remote site assessment for shading and sizing such as 
satellite imagery and related tools?

1 Yes R12-1
2 No R13

88 Refused R13
99 Don’t Know R13

R12-1 Would you please name or describe the remote site assessment tool you use
77 Record verbatim R19
88 Refused R19
99 Don’t Know R19

R13
Do you offer a warranty on your installed system over and beyond the 
requirements of the CSI program?

1 yes R15
2 No R19

88 Refused R19
99 Don’t Know R19

R15 What kind of warranty?
1 parts R21
2 labor R21
3 parts and labor R21
4 Performance warranty R21
5 Other R21

88 Refused R21
99 Don't Know R21

R21 Do you offer any financing options to your customers?
1 Yes R23
2 No P1

88 Refused P1
99 Don’t Know P1

R23 What kind of financing do you offer your solar customers?
1 flat lease P1
2 lease with escalator P1
3 flat PPA (Power Purchase Agreement) P1
4 PPA with escalator (Power Purchase Agreement with escalator) P1

77 Record verbatim P1
88 Refused P1
99 Don’t Know P1
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PERFORMANCE MONITORING
Now I will ask you some question related to performance 
monitoring and maintenance.  Are you familiar with the term PMRS 
(if not, then explain)
PMRS is Performance Monitoring and Reporting Services which 
offer customers details of their solar production data in hourly, 
daily or monthly time intervals and sometimes provide alerts on 
any system malfunctions.

P0
What is the typical interface on the monitoring equipment that you 
offer your EPBB customers?

EPBB= 
Expected 
performa
nce 
based 
buy-
down

1 Display on inverter P1
2 local unit display P1
3 Local unit with computer connect P1
4 Online webpage P1
5 Other P1
6 Not relevant - no EPBB customers E3

88 Refused P1
99 Don’t Know P1

P1
Do you offer performance monitoring and maintenance services to 
your customer

1 Yes P3
2 No P5

88 Refused P3
99 Don’t Know P3

P3

Which of the following types of performance monitoring and 
maintenace services does your firm offer? [READ.  CHECK ALL THAT 
APPLY]

1
Metering - just collecting production data on 15 min or hourly 
interval P5

2 Monitoring - providing data to the customer P5
3 Weather monitoring P5
4 Alerts on system malfunction P5
5 Maintenance P5
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77 Other (record verbatim) P5
88 Refused P5
99 Don’t Know P5

P5
Does your firm partner with another company that assists with the 
Energy Efficiency audit?

1 Yes P7
2 No P9

88 Refused P9
99 Don’t Know P9

P7

What is the name of the third party service provider that you 
partner with? [IF NEEDED: …what firm do you partner with to 
provide performance monitoring services?]

77 Name of the firm p8
88 Refused p8
99 Don’t Know p8

ASK IF P1=1 OR P5=1
P8 Approximately what percent of customers purchase maintenance 

or monitoring services offered by your company?

&PCT % (Percentage) P8.5
88 Refused P8.5
99 Don’t Know P8.5

ASK IF P8<100

P8.5
For customers that do not have a service contract what do you 
suggest in terms of system monitoring and maintenance?

77 Record verbatim P9
88 Refused P9
99 Don’t Know P9

P9
For your EPBB customers how often do you seek the PMRS 
exemption based on cost?  Would you say….

1 Always P10
2 Sometimes P10
3 Rarely P10
4 Never P10

88 Refused P11
99 Don’t Know P11
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P10

Among all of your company's EPBB customers, even those granted a 
PMRS exemption, what percent have some kind of performance 
monitoring services?

&PCT PERCENT E3
88 Refused E3
99 Don’t Know E3
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GENERAL ENERGY EFFICIENCY SERVICES
Ask contractor about the Energy Efficiency services they offer to their customer

E3
Before sizing a system, does your company typically advise  solar customers on the energy 
efficiency options they could consider prior to installing a PV system

1 Yes E9
2 No E9

88 Refused E9
99 Don’t Know E9

E9 Does your firm offer energy efficiency audits to solar customers? CT
1 Yes E10
2 No E11

88 Refused E11
99 Don’t Know E11

E10 Typically, does your firm provide energy efficiency audits before or after PV installation?

1 Before PV install E10a
2 After PV install E10a
3 Both E10a

88 Refused E10a
99 Don’t Know E10a

E10a
Through which of the following delivery channels does your firm provide energy efficiency 
audits to customers? [SELECT ALL THAT APPLY]

1 Online audits E11
2 Telephone audits E11
3 On Site audit E11

77 Other comments (record verbatim) E11
88 Refused E11
99 Don’t Know E11

E11 Does your firm partner with another company that assists with the Energy Efficiency audit?
1 Yes E13
2 No E16

88 Refused E16
99 Don’t Know E16

E13 Would you please tell me the name(s) of the EE firm(s)  that you partner with?
77 Name of the firm E15
88 Refused E15
99 Don’t Know E15

E15
Which of the following delivery methods does your partner firm use to provide energy 
efficiency audits to customers? [SELECT ALL THAT APPLY]

1 Online audit E16
2 Telephone audit E16
3 On Site audit E16

77 Other comments (record verbatim) E16
88 Refused E16
99 Don’t Know E16
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ASK IF E11=1 OR E9=1

E16
Generally speaking, how well are your Solar customers understanding the results of their EE 
audit?  Would you say…

1 Extremely well E16a
2 Very well E16a
3 Somewhat well E16a
4 Not very well, or E16a
5 Not at all E16a

88 Refused E17
99 Don’t Know E17

E16a Why do you say that?
77 Record Verbatim E17
88 Refused E17
99 Don’t Know E17

E17
In what ways, if any, does your company assist customers to understand the results of their 
energy efficiency audit? 

1 Company does not help customer to understand their audit E19
77 Record Verbatim E19
88 Refused E19
99 Don’t Know E19

E19
What percent of your company's Solar customers take EE actions as a result of audit 
recommendations? [IF NECESSARY: PROMPT FOR BEST GUESS]

&PCT Percent E21
77 Other response: record verbatim E21
88 Refused E21
99 Don’t Know E21

E21

Please consider how extensive your solar customer's EE actions have been.  Approximately 
what percent of your Solar customer's EE retrofits fall into each of the following 
categories….[MAKE SURE THE TOTAL ADDS TO 100]

&pct1 Very Extensive, capturing all or nearly all identified energy efficiency improvements E23
&pct2 Extensive, making major retrofits and improvements to energy using equipment E23
&pct3 Moderate, making just a few cost effective investments E23
&pct4 Minor, taking only the lowest cost and fastest payback measures E23

88 Refused E23
99 Don’t Know E23

E23
Does your company suggest specific energy efficiency measures  as a part of, or in addition 
to, the audit recommendations?

1 Yes E25
2 No E27

88 Refused E27
99 Don’t Know E27

E25 Please list the EE measures that you commonly recommend.
List of some typical measures E27

77 Others E27
88 Refused E27
99 Don’t Know E27

E27 Does your company assist in the installation of recommended EE measures?
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1 Yes E29
2 No E29

88 Refused E29
99 Don’t Know E29

E29 Do you partner with another company that installs the EE measures?
1 Yes E31
2 No E33

88 Refused E33
99 Don’t Know E33

E31
Would you please tell me the name(s) of the EE firm(s)  that you partner with for installing 
the EE measures?

77 Name of the firm E33
88 Refused E33
99 Don’t Know E33

E33
Do you size the solar system taking into account the energy impact of the EE measures 
installed by the customer?

1 Yes E35
2 No E37

88 Refused E37
99 Don’t Know E37

E35
Typically what is the change in size after the EE adjustments? (NOTE to interviwer: Please 
record either in terms of kW change or %, which ever the responder chooses)

1 ____kW change E37
2 ____ % change E37
3 Other response, record verbatim E37

88 Refused E37
99 Don’t Know E37

E37
How would you characterize the customer response to the CSI EE requirements of the audit 
and disclosure agreement?  Would you say…

1
Positive, customers are generally appreciative of the audit information, and understand the 
intent behind the requirement ER1

2 Neutral, it doesn't seem to effect customers one way or the other ER1

3 Negative, the requirement is viewed as an unnecessary inconvenience by most customers ER1
77 Other (Record verbatim) ER1
88 Refused ER1
99 Don’t Know ER1

Ask next 2 questions only if response to S5 is predominantly residential else move to NE31

ER1
Do your staff typically help solar customers fill out the EE disclosure form required as a part 
of the CSI application?

1 Yes ER3
2 No ER3

88 Refused ER3
99 Don’t Know ER3

ER3
What percent of your customers claim exemption from the EE disclosure based on each of 
the following conditions
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&pctEA Energy audit within the past 3 years C1
&pctT24 Title 24 compliance within the past 3 years C1

88 Refused C1
99 Don’t Know C1
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NON-RESIDENTIAL ENERGY EFFICIENCY SERVICES

(this line of questions is for installers that are predominantly non-res based on S5 response)

NE31
Does your company provide assistance with the benchmarking EUI (Energy Use Intensity) 
requirement for larger non-residential customers ?

EUI= Energy 
Use inensity

1 Yes NE33
2 No NE33

88 Refused NE33
99 Don’t Know NE33

NE33
What percentage of your larger non-residential customers failed to meet the required 
benchmarking score?

1 Yes NE35
2 No NE35

88 Refused NE35
99 Don’t Know NE35

NE35
When customers fail to meet the benchmarking score of 75, does your firm assist them with 
the required retro-commissioning?

1 Yes NE37
2 No NE37

88 Refused NE37
99 Don’t Know NE37

NE37
Does your company partner with an energy services firm to provide RCx services to your 
customers, or does your company provide these services itself?  SELECT ALL THAT APPLY RCx = Retrocommissioning

1 Partner with another company to provide RCx NE39
2 Provide RCx services from within the firm NE39

77 Other SPECIFY NE39
88 Refused NE39
99 Don’t Know NE39

NE41
How often do you run into delays waiting for RCx recommendations to be installed before 
the CSI incentive can be claimed? Would you say..

1 Frequently NE41a
2 Sometimes NE41a
3 Rarely NE41a
4 Never NE41a

88 Refused NE41a
99 Don’t Know NE41a

NE41a
Given your company's experience, which of the following best describes how long you expect a 
typical RCx delay to last…

1 a couple weeks NE43
2 a month or two NE43
3 several months NE43
4 six months to a year NE43
5 longer than one year NE43

88 Refused NE43
99 Don’t Know NE43

NE43
Have you had any customers not avail of the CSI incentive because of the RCx requirement, 
due to not receiving the 75 benchmarking score?

1 Yes NE45
2 No NE45
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88 Refused NE45
99 Don’t Know NE45

NE45

How many of your customers ultimately elect not install the PV system because of the EE 
requirement? (note to interviewer : note down response in % or number which ever the 
respondent chooses) 

&pct % NE47
&num # NE47

88 Refused NE47
99 Don’t Know NE47

NE47 Which CSI application requirement in your view is percieved as the most onerous?
1 Energy Audit NE49
2 Benchmarking NE49
3 Retrocommissioning NE49
4 None are onerous NE49

77 Record (verbatim) NE49
88 Refused NE49
99 Don't know NE49

NE49
In general, how satisfied are your customers with the recommendations of the RCx? Would 
you say…

1 Extremely Satisfied NE51
2 Very Satisfied NE51
3 Somewhat satisfied or NE51
4 Not at all satisfied NE51

88 Refused NE51
99 Don’t Know NE51

NE51

Among customers that complete RCx as part of the CSI application process, how many 
install the recommended measures within a year of the PV system installation?  Would you 
say…

1 Most customers install many of the recommended measures NE53
2 More than half install at least a few measures NE53
3 Less than half customers install measures NE53
4 Only a few customers install any measures within a year of PV NE53
5 Customers rarely follow up on RCx recommended measures NE53

88 Refused NE53
99 Don’t Know NE53

NE53

Thinking about your new commercial construction customers, what percent would have 
elected to exceed the Title 24 requirements by at least 15% even in the absense of CSI EE 
requirements?

&pct Percent NE55
88 Refused NE55
99 Don’t Know NE55

NE55

Do  new commercial construction customers that fail to meet the '15% above T24' 
requirement typically make changes to the building or building design as a result of 
participating in the CSI program?

1 Yes NE57
2 No NE57

88 Refused NE57
99 Don’t Know NE57

NE57 What % of your solar customers claim the exemption from CSI EE requirements due to:
1 Exempt facility category (such as Agricultural or industrial facility) NE59
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2 PV not serving the load for a building NE59
3 Newly constructed building w/proof of T24 compliance in the last 12 months NE59
4 Buildings with a current Energy Star label NE59
5 RCx exempt due to PBI NE59

88 Refused NE59
99 Don’t Know NE59

NE59
How often do your company's large commercial customers voluntarily complete and follow 
the recommendations of RCx even when they are on PBI?  Would you say…

PBI= 
Performanc
e based 
incentive

1 Almost all the time C1
2 Frequently C1
3 Sometimes C1
4 Rarely C1
5 Never C1

88 Refused C1
99 Don’t Know C1
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CSI PROGRAM EXPERIENCE

Now I would like to ask you some questions related to your experience with the CSI program

C1

On a scale of 0 to 10, where 0 is very dissatisfied and 10 is very 
satisfied, how satisfied are you with the overall adminstrative 
requirements of the CSI program?

1 0-10 scale C1.5
88 Refused C2
99 Don’t Know C2

C1.5 Why do you say that?
77 Record verbatim C2
88 Refused C2
99 Don’t Know C2

C2

What are the top 3 most significant administrative barriers 
associated with participatingin the CSI program? (read list if 
needed for prompting a response)

1 Reservation process C3
2 Field Inspection C3
3 Incentive claim process C3
4 Local permitting process C3
5 Interconnect C3

77 Record verbatim C3
88 Refused C3
99 Don’t Know C3

C3
How many hours of effort per applicaiton does it take to put all 
the CSI paper work together (not including interconnection)?

a #hours for EPBB application C5
b # hours for PBI application C5
88 Refused C5
99 Don’t Know C5

C5
On a scale of 0 to 10, where 0 is very dissatisfied and 10 is very 
satisfied, how satisfied are you with the online application process

1 0-10 scale C6
88 Refused C7
99 Don't know C7

C6 Why do you say that?
77 Record verbatim C7
88 Refused C7
99 Don’t Know C7

C7

On a scale of 0 to 10, where 0 is very dissatisfied and 10 is very 
satisfied, How satisfied are you with the inspection process and 
turnaround time for projects in…
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1 PG&E service territory? C8
2 SCE service territory? C8
3 CCSE service territory? C8

88 Refused C9
99 Don’t Know C9

C8 Why do you say that?
77 Record verbatim C9
88 Refused C9
99 Don’t Know C9

C9

On a scale of 0 to 10, where 0 is very dissatisfied and 10 is very 
satisfied, How satisfied are you with the turnaround on payment 
claims in…

1 PG&E territory C10
2 SCE territory C10
3 CCSE territory C10

88 Refused C11
99 Don’t Know C11

C10 Why do you say that?
77 Record verbatim C11
88 Refused C11
99 Don’t Know C11

C11

What is the minimum level of incentive at which you would 
continue participating in the program? (Interviewer: record 
responses under both 1 and 2)

1 $__________/W for EPBB C12
2 $_________/kwh for PBI C12

88 Refused C13
99 Don’t Know C13

C12 Why do you say that?
77 Record verbatim C11
88 Refused C11
99 Don’t Know C11

C13
Have you attended any training or workshops on CSI conducted by 
the utilities

1 Yes C15
2 No C21

88 Refused C21
99 Don’t Know C21

C15 If yes, which trainings or workshops have you attended? 
1 Application process C17
2 Inspection C17
3 Shading C17

       2009 CSI Impact Evaluation

B-136 Phone Survey Instruments



77  (record verbatim) C17
88 Refused C17
99 Don’t Know C17

C17

On a 1-10 scale, with 0 being very dissatified and 10 being very 
satisfied, how satisfied are you with the training(s) that you have 
attended?

1 0-10 scale C18
88 Refused C19
99 Don’t Know C19

C18 Why do you say that?
77 Record verbatim C19
88 Refused C19
99 Don’t Know C19

Does your company assist in the installation of recommended EE 
measures?

C19
Which class type do you find most effective and efficient for your 
training needs?

1 In person classroom setting C20
2 Online course C20
3 Others (record verbatim) C20

88 Refused C20
99 Don’t Know C20

C20 Do you subscribe to the CSI newsletter?
1 Yes C20-1
2 No C20-1

88 Refused C20-1
99 Don't know C20-1

C20-1 Do you attend CSI Program forums?
1 Yes C21
2 No C21

88 Refused C21
99 Don’t Know C21

C21
What improvements would you suggest for the education and 
outreach of the program?

77 Record verbatim END
88 Refused END
99 Don’t Know END

THANK YOU 
and END
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Appendix C 
 
On-Site Inspection Forms 

 

C.1  Overview 

An on-site inspection was conducted for two primary purposes.  The first was to verify the 

installation, configuration, and performance of the CSI-incentivized PV system, and the 

second was to determine the extent to which the CSI loading order was being followed.  The 

loading order specifies that all “reasonable and cost effective” energy efficiency 

improvements be made in existing buildings as a condition of receiving solar incentives. 

 

To investigate this issue, the Itron/KEMA team collected information on the energy-

efficiency measures (EEMs), the timing of those measures relative to installation of the PV 

system and CSI EE audit, and the role of the EEMs in sizing of the PV system.  Information 

was also obtained on any other changes that occurred on-site that impacted the electric load, 

such as space additions or changes in occupancy or production.  On-site inspection customers 

were recruited during the phone survey. 

 

Two versions of the on-site inspection form were created—one for residential and one for 

nonresidential—and both are included in this appendix. 

 

 

C.2  Inspection Form Layout 

The information collected by the on-site inspection included general site characteristics, PV 

system verification, EEM verification, other near-term site changes that impacted building 

load, and questions used to assess the role of EEMs in sizing of the PV system, as discussed 

in detail below. 

 

Measure Summary and PV Framework Questions 

This section of the survey form presents a summary of all of the EEMs, the timing of the 

measures with respect to installation of the PV system, whether they were recommended by 

the CSI Audit, and primary reason driver for installation.  The PV framework questions 

include a self-reported estimate of the annual electricity consumption that is offset by the PV 

system (percent offset), whether any type of energy efficiency audit was performed, and if an 
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EE audit was specifically performed for the CSI program application process.  The self-

reported percent offset, even though unvalidated, proved to be a key parameter for analysis. 

 

General Site Characteristics and Photos 

The information collected for the residential survey form included residence type (e.g. single 

family detached); year the home was built and occupied; total floor area and number of 

floors; and occupant characteristics.  In addition, basic information was collected for HVAC 

equipment, water heaters, and building shell construction. For nonresidential sites, the 

information collected included the business name, the true commercial building type (office, 

warehouse, etc., rather than just CSI segments), construction vintage (new or existing), total 

floor area, predominant HVAC system type, multiple CSI apps, business hours, electric 

meters, and other on-site generation.  Photos were taken of the PV system components, 

notable PV conditions or configurations, and also some EEM equipment and nameplates. 

 

PV System Verification 

For the PV verification effort, a single CSI application per site was verified.  The verification 

effort included confirming the PV system activation date; the system size; the number and 

type of modules; the number and type of inverters; and the tilt, azimuth, and tracking 

configuration.  In addition, a spot check of instantaneous system performance was made 

whenever possible, and any monitoring, shading, and performance issues were noted.  

SunEye or Solmetric photos were also taken when minimal shading conditions were present. 

 

EEM Verification Forms 

The source of the EEMs verified on-site was the phone survey, and there were two types of 

EEMs: rebated and self-reported.  The rebated measures are those that were incentivized by 

an IOU energy efficiency program.  These were drawn from the IOU 2006-2008 program 

tracking databases that are used to report program accomplishments to the CPUC.  These 

EEMs should have a higher certainty of delivering actual energy savings since they would 

have had to meet IOU program technical specifications.  Self-reported measures are those 

reported by the customer as EEMs via the phone survey.  These measures may be more 

uncertain, since they are subject to the customer’s interpretation of an EEM.  The EEMs were 

grouped into specific categories (such as CFL, linear fluorescent lighting, and HVAC), and 

each category of measures was represented by a single form in the on-site inspection packet.  

Each EEM was verified as present or noted as not present and an explanation provided. 

 

Other Changes Affecting Site Electric Load 

Other changes made on-site that would have significantly impacted the electric base load 

were also investigated and recorded.  The type of change (equipment, operation, occupancy, 
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building, or other) was noted, as well the date of the change, the timing of the change with 

respect to the PV system activation, and whether the change reduced or increased energy use. 

 

EEM-PV System Load Sizing Assessment 

This series of questions was used to determine the extent to which EEMs were considered 

and implemented in sizing the PV system.  The first question asked directly if EEMs were 

considered or not considered, and when they were considered relative to the PV system 

installation.  Follow-up questions explored the reasons for installing measures, as well as 

reasons for not considering EEMs. 

 

Remaining EE Potential Rating 

Finally, a qualitative assessment/rating of the remaining potential for implementing EEMs 

was performed for each site.  An attempt was made to make this more objective than 

subjective by using a rating system that considered the vintage and state of end-use 

equipment, and by using a five point rating scale (high potential to no potential).  For 

nonresidential sites, the end uses considered were HVAC, lighting, refrigeration, cooking, 

office, water heating, motors, process, and “other” for a significant end use that was not 

already listed.  For residential sites, the state of the lighting and major appliances were used 

for the rating. 

 



 

  

On-Site Inspection Form—Residential 
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  Site ID # _________________  
CSI Residential Onsite Verification Survey Form  Form COVER 
 

   

CSI Impact Evaluation 
Residential On-Site Verification Survey Form (Rev: 2/11/2010) 

General Site Information (from phone survey & IOU tracking database) 

Itron SiteID  
Sample Strata  Evaluation Phase  
 
Contact Name  
Service Address  
City  Zip Code  
CORRECTIONS TO SITE INFORMATION 
Revised   Contact Name 
Revised   Service Address 
Revised   City Revised   Zip 
 
Site Contact Information 

Phone Survey (PS) Completion Date:   _____________ Phone Survey Respondent:   _____________  
 Contact Name Phone Number Alternate Phone Email Address Contacted 

OS Primary      

OS Back-up      

OS Other      

                    Note: Use the “Contacted” check box to indicate the actual contact(s) for the site visit.  
Scheduling Notes/Special Instructions for On-site Visit:  

 

 

  
Survey Tracking Information 

Survey Company (Itron,KEMA):  Assigned Surveyor’s Initials:     

Survey Duration (24 hr clock) Start: ___________  Survey Duration (24 hr clock) End: _____________ 
Survey Travel Mileage: ____________miles Total Time (Onsite+QC+Travel) _____________ hrs 

 
 Date: Initials 

Field survey completed: __ __ / __ __ / __ __ __ __ __ 

Survey received from surveyor: __ __ / __ __ / __ __ __ __ __ 

Initial QC check completed: __ __ / __ __ / __ __ __ __ __ 

Survey received at Itron: __ __ / __ __ / __ __ __ __ __ 

Itron QC completed: __ __ / __ __ / __ __ __ __ __ 

Returned to Survey Company: __ __ / __ __ / __ __ __ __ __ 

Data entry completed: __ __ / __ __ / __ __ __ __ __ 
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  Site ID # _________________ 
CSI Residential Onsite Verification Survey Form  Form MEAS_SUM 
 

 

Measure Summary Sheet  
This is a summary of all of the EE measures implemented at this site as extracted from the IOU tracking database and self-
reported by the customer on the phone survey.  All of the measures listed here should also be found on the measure-level 
verification forms.  

Measure 
Category 

Self-
Report/Rebated 

Measure 
Code Measure Name 

Unit 
Basis 

 
 # of Units 

      

 
EE and PV Framework Questions 

Approximately what percent of your home’s annual electricity consumption is offset by your PV 
system? 

 
___________% 

Since January 1, 2006 have you had an energy efficiency audit, where recommendations are 
provided based on your home’s characteristics that would reduce energy use? 

Y       N     DK 

Did you complete an energy efficiency audit for your home as part of the CSI program application 
process? (note this may be the same as the one above) 

Y       N     DK 

 
EE Measure and Practice Timing and Decision Sheet  
For each measure and/or practice listed here, please confirm or record the date of installation, timing relative to PV system 
activation, timing relative to the energy efficiency audit, and whether the measure was recommended in the Audit.  If a CSI 
Energy Efficiency Audit was not conducted at the site then indicate “N/A” for those fields.  
Measure 

Code 

Meas / 
Practice 
Category Measure Name or Practice Description 

Date of 
Install 

Before/After 
PV Installed 

(B  A  DK) 

Before/After 
CSI EE Audit 
(B  A DK NA) 

Recommended 
in CSI EE Audit  

(Y  N DK NA) 

Decision 
Driver 
Codes 

        

 
Comments:  

 

 

 
    Decision Drivers Code     Decision Drivers Code 
    Audit Recommendation 
    Reduce energy consumption/bill 

A 
R     Home Improvements F 

    Reduce peak load P      Codes and Standards Requirement S 
    Environmental Concern E      Non-Energy related decision N 
    Home Requirements Q      Other (describe in comments) OT 
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  Site ID # __________________ 
CSI Residential Onsite Verification Survey Form  Form SITEINFO, page ___ of ___ 
 
Site Characteristics 
Fields in this table will be populated as much as possible with data from the phone survey.  However, any fields that are blank should be 
completed during the on-site verification.  Any fields that are incorrect should also be corrected. 

Electric Utility  
Gas Utility        PGE    SCG    SDGE    AllElec/None    Propane    LBGO     SWG    OT ___________________________ 

Building Type:  1=Single Family Detached  2=Single Family 
Duplex/Townhouse   3=MultiFamily   4=Other____________  

What year   did you move into this residence? 
What year   was the home built? 
Total Heated/Cooled Floor Area (or range)   
Number of Floors?  

 
PV System PowerClerk Activation Date (for app listed on the PV form):       

Is this site covered by multiple CSI applications (ask site contact)? Y   N   DK 

Nameplate Information  
HEATING 
Heating Fuel Type:  1=Gas   2=Electric   3=Both   4=Propane  5=None   OT=Other (describe)   
Heating System Type: 1=Furnace  2=Radiant/Hydronic  3=HP  4=NoHtg  OT=Other (describe)  

Manufacturer:   Manufacturer date  

Model Number  Serial Number  

Input kBtuh/kW  Output kBtuh/kW  

Efficiency  Efficiency Units AFUE    COP    Other______________       
AIR CONDITIONING 
Cooling Type:    1=Central AC   2=Central HeatPump  3=EvapCooler    4=Window/wall unit or RoomAC    
5=No AC    OT=Other (describe)   

AC or HP only: Split-system (S) or Package (P) unit?                                       P               S 
TXV Present?                  Yes                  No                    No Access 

Manufacturer  Manufacturer Date  

Model Number  Serial Number  

Size (tons)  Efficiency  SEER    Other_______ 
DOMESTIC HOT WATER 
Equipment Type:   S=Standard (Storage) Water Heater   
I=Instantaneous  HP=Heat Pump Water Heater   WB=HotWaterBoiler   
C=Central Plant, shared service   OT (describe in comments) 

S         I      HP    WB    C     OT 

Service Type: D=DHW only   S=SpaceHeating Only  C=Combined/both D        S       C 
Fuel Type: G=Gas, E=Electric, P=Propane,  SO=Solar only  

SG=Solar w/gas backup.  O=Other (describe) 
G        E        P       SO      SG       O 

Tank Capacity/Volume in Gallons  
Rated Input Capacity:  Input Capacity Units kBtuh            kW 

External Insulation Jacket: Y      N     DK System Uses recirc pumps? Y     N    DK 

Visible pipes insulated Y      N     DK Low Flow Showerheads/faucet 
aerators present? 

Y     N    DK 

Comments  
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  Site ID # __________________ 
CSI Residential Onsite Verification Survey Form  Form SITEINFO, page ___ of ___ 
 

 Building Shell Information 

Observed Roof Material  Observed Roof Color  
Window Measures Only: 

Predominant Window Type Single Pane          Double Pane            Mixture of Both 
Predominant Frame Type Wood              Metal             Vinyl 

North Window Approximate Area  

South Window Approximate Area  

East Window Approximate Area  
West Window Approximate  Area  

 Ceiling Insulation  
Ceiling Insulation Type:    B= Batt/Blanket             L= Loose Fill 

RB= Rigid Board/Foam Board          OT=Other B        L       RB      OT 

Insulation Material?  F=Fiberglass  R=Rockwool  C=Cellulose  OT= Other F               R           C          OT 
Inches of Cavity Insulation  Inches of Continuous Insulation  

Wall Insulation 
Wall Stud Thickness 2x4            2x6             Other______________      DK 

Wall Insulation Added Since Construction of the 
Home?  If Yes please detail in Comments Section Y                         N                       DK 

Floor Insulation (for non/slab floors only) 

Insulation Present Y                         N                       Can’t Access           Slab 

Insulation Type Batt                           Spray Foam               Other______________ 

Inches of Floor Insulation Cavity  Continuous  

Occupancy 

Primary or Seasonal Residence? If seasonal list 
average number of weeks home is occupied.                Primary           Seas. ___ weeks 

Number of people who live in this home at least 9 months of the year in the following age groups: 
Under 2 years old  

2-5  
6-21  

22-39  

40-64  
65+  

Comments   
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  Site ID # __________________ 
CSI Impact Evaluation Residential Onsite Verification Survey Form APPLIANCE, page __ of __  
 
Residential Household Appliances 

Measure Category   APPLIANCE_MeasCategory 
Measure Info Source: PS Self-Report or IOU Tracking   APPLIANCE_Source 

Measure Code   APPLIANCE_OS_MeasCode 
Measure Name   APPLIANCE_OS_MeasName 

Self-Report Verbatim Description APPLIANCE_Verbatim 
#of Units   APPLIANCE_UnitQty 

Inspector description for vague measure names  

Can measures be clearly identified? Y        N 
Visual Verification & Counts  

Not an EE measure:  A=Add’l equipment (not replacement)  N=Not high-efficiency  
D=Duplicate (describe) O= Other (Describe) A      N      D     O 

Describe Pre-Retrofit/Replaced Equipment (age, reason replaced, etc.)   
 

Installed # of units  
Units are NOT accessible (Check box & describe in comments)  

Location?      C=Conditioned        U=Unconditioned      C           U 
Make/Manufacturer  

Model #  
Serial#  

Energy Star Labeled Y           N             DK 
REFRIGERATOR/FREEZER ONLY:  Total volume/size, cubic ft.  

CLOTHES DRYER ONLY:   Fuel Type:  Gas    Electric  Propane  Other describe G      E      P     O 

Did previous unit use same fuel type?  If not, note previous fuel type G      E      P     O 

WATER HEATER ONLY 
Equipment Type:   S=Standard (Storage) Water Heater   I=Instantaneous  
HP=Heat Pump Water Heater   WB=HotWaterBoiler   C=Central Plant, shared 
service   OT (describe in comments) 

S         I      HP    WB    C     OT 

Service Type:  D=DHW only     S=SpaceHeating Only    C=Combined (both) D      S     C 
Fuel Type: G=Gas, E=Electric, P=Propane,  SO=Solar only  

SG=Solar w/gas backup.  O=Other (describe) G      E      P     SO    SG   O 

Did previous unit use same fuel type?  If not, note previous fuel type G      E      P    S    O 

Tank Capacity/Volume in Gallons  

Rated Input Capacity:  

Rated Input Capacity Units:   W=kW or B=kBtuh W        B 

External Insulation Jacket Y            N         DK 

System uses recirc pumps? Y            N         DK 

Visible Pipes Insulated Y            N         DK 

Low-Flow Showerhead/Faucet Aerator Present? Y            N         DK 
 

Comments  
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  Site ID # __________________ 
CSI Impact Evaluation Residential Onsite Verification Survey Form CFL, page __ of __ 
 

 

Lighting Equipment and Controls 
Measure Category   Lit_MeasCategory 

Measure Info Source: PS Self-Report or IOU Tracking Lit_Source 

Measure Code Lit_OS_MeasCode 
Measure Name   Lit_OS_MeasName 

Self-Report Verbatim Description Lit_Verbatim 
#of Lamps   Lit_UnitQty 

Inspector description for vague measure names  

Can measures be clearly identified? Y        N 

HIGH LEVEL CHARACTERISTICS 
Not an EE measure:    A=Additional equipment, (not replacement)   

  N=Not high-efficiency   D=Duplicate (describe)   O= Other (describe)                 A    N    D    O 

Lamp Type Replaced  (I = Incand   C= CFL   OT=Other) I     C     OT 
SYSTEM DETAILS 

Inside or Outside lighting? I         O I         O I         O 
 Lamp Type Code (from table)    

Lamps/fixtures are NOT accessible (Check box & explain in comments)    
Lamp Wattage     

Base type:  P=Pin-base    S=Screw-base P   S P   S P   S 
Screw-base size: M=Med.  C=Candelabra   M   C M   C M   C 

Control Type (Manual, Occ. Sensor, Photocell, Timer, Dimmer, Other (describe) M  S  P  T  D  
O 

M  S  P  T  D  
O 

M  S  P  T  D  
O 

Total Number of Lamps    
Total Number of Fixtures    

 

Comments:  
 
 
 

 
 

  

Lamp Type Codes:  CFL Types Lamp Type Codes: Other types 
TW  = Bare-MiniTwist/Screw   TU = Bare-Tube      AL = Covered-ALine      
GL = Covered-Globe    BU = Covered-Bullet/Post/Candelabra        CIR = Circline        
 

RF = Reflector    
LED = LED   I=Incandescent  IR=Incand with Reflector  
H=Halogen  O=Other  (specify in comments)     
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  Site ID # __________________ 
CSI Impact Evaluation Residential Onsite Verification Survey Form HVAC, page __ of __  
 

 

Residential HVAC Measures 
Measure Category   HVAC_MeasCategory 

Measure Info Source: PS Self-Report or IOU Tracking HVAC_Source 
Measure Code   HVAC_OS_MeasCode 

Measure Name   HVAC_OS_MeasName 

Self-Report Verbatim Description HVAC_Verbatim 

#of Units   HVAC_UnitQty 
Inspector description for vague measure names  

Can Rebated measures be clearly identified? Y        N 
Visual Verification & Counts 

Not an EE measure:  A=Add’l equipment (not replacement) 
N=Not high-efficiency      D=Duplicate (describe)  O= Other (describe) A      N      D      O 

Describe Pre-Retrofit/Replaced Equipment (age, reason replaced, etc.)   
 

Installed # of units  
Units are NOT accessible (Check box & describe in comments)  

Make/Manufacturer  
Model #  
Serial #  

AC ONLY 
Size (tons)  

Evidence of RCA Test? (sticker) Y          N           DK 
Evidence of Variable Speed Fan Motor? (found on furnace if split system) Y       N         DK 

AC SEER (from yellow sticker)  
FURNACE ONLY 

Furnace Input kbtuh  Furnace Output kbtuh  
Furnace AFUE (from yellow sticker)  

WHOLE HOUSE FAN ONLY 
Location?  H=Hall      E=Entryway   OT = Other      H           E         OT 

Fan size in CFM  
Fan motor hp   

 
Comments  
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  Site ID # __________________ 
CSI Impact Evaluation Residential Onsite Verification Survey Form POOLSPA, page __ of __ 
 
Residential Pool/Spa Measures 

Measure Category   POOLSPA_MeasCategory 
Measure Info Source: PS Self-Report or IOU Tracking  POOLSPA_Source 

Measure Code   POOLSPA_OS_MeasCode 
Measure Name   POOLSPA_OS_MeasName 

Self-Report Verbatim Description POOLSPA_Verbatim 
#of Units   POOLSPA_UnitQty 

Inspector description for vague measure names  
Can Rebated measures be clearly identified? Y        N 

Visual Verification & Counts  
Not an EE measure:    A=Add’l equipment (not replacement)    N=Not high-efficiency 

D=Duplicate (describe)  O= Other (describe)                 A    N    D    O 

Installed # of units  
Associated Pool/Spa Info 

Pool or Spa P           S 
Solar pool heating system present & functional? Y        N 

Heater primary fuel type (E  G  P   S=Only solar) E      G     P       S 
Heater size and units (kW or kBtuh)  

Spa/Pool Cover Only 
New Spa/Pool Cover Present? Y           N 

Spa/Pool Cover Reported Prior to Current Cover? Y           N 
Spa/Pool Covered Regularly? Y           N 

Pool Pump Motor Only 

Make/Manufacturer  
Model #  

Serial#  

Motor size, hp  

Old Pre-retrofit/replaced motor speed control type (see codes below):   S          T         V        DK 
New motor speed control type:   S=Single Speed,    T=Two Speed   V=Variable S          T         V        DK 

 

Comments:  
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  Site ID # __________________ 
CSI Impact Evaluation Residential Onsite Verification Survey Form BldgShell, page __ of __  
 

  

Residential Building Shell Measures 
Measure Category   BldgShell_MeasCategory 

Measure Info Source: PS Self-Report or IOU Tracking   BldgShell_Source 
Measure Code   BldgShell_OS_MeasCode 

Measure Name   BldgShell_OS_MeasName 

Self-Report Verbatim Description BldgShell_Verbatim 
#of Units   BldgShell_UnitQty 

Unit Basis   BldgShell_UnitBasis 
Correct Unit Basis (only if incorrect or blank above)  

Inspector description for vague measure names  

Can measures be clearly identified? Y        N 
Visual Verification  

Not an EE measure:   
A=Add’l equipment (not replacement)  N=Not high-efficiency D=Duplicate (describe) O= Other (Describe) A      N      D     O 

Installed Envelope Measure Location (describe)  
Wall/Ceiling/Roof/Window Area Modified (ft2)  
Wall/Ceiling/Roof/Window Area Not included in Measure Retrofit (ft2)  
Envelope Measure is Not Accessible (Check box & describe)  

Roof Measures Only 
Observed Roof Material  Observed Roof Color  

New Roof material extends beyond area immediately surrounding PV Panels? Yes          No         Partial (estimate area): 
Weather Stripping Only 

Observed Weather Stripping on Windows and/or Doors: Y      N       DK 
Window Measures Only: 

Window Manufacturer  
Predominant Number of Panes Double             Triple 

Predominant Non-Metal Frame Type:  V=Vinyl  W=Wood V           W 
LowE Coating present (use ETEKT meter) Y           N 

Rated SHGC:   Rated U-Value  

North Window Total Area  North Windows Count  

South Window Total Area  South Windows Count  

East Window Total Area  East Windows Count  
West Window Total Area  West Windows Count  

Solar Screens Only:  Number of Windows with Solar Screens  

Insulation Measures Only 
Ceiling/Wall Insulation Type:    B= Batt/Blanket             L= Loose Fill 

RB= Rigid Board/Foam Board          OT=Other B        L       RB      OT 

Insulation Material?  F=Fiberglass  R=Rockwool  C=Cellulose  OT= Other F               R           C          OT 
Inches of Cavity Insulation  Inches of Continuous Insulation  

Insulation Present Prior to Retrofit (please describe in comments) Yes                                        No                                  
DK 

Duct Insulation/Sealed Measures Only 
Evidence of Duct Sealing/Insulation  
(Sticker,  MetalTape around Air Handler, Plenum Joints, Register Boots) Y            N           NA (No Access) 

If sticker is present include notes on sticker info:  

Comments & Pre-retrofit Info  
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  Site ID # __________________ 
CSI Impact Evaluation Residential Onsite Verification Survey Form OTHR_LOAD, page __ of __  
 

Revised 2/2/2010 

Other Changes Affecting Electricity Consumption 
Use as many copies of this form as needed to record any additional changes made at or to the home that would have affected 
the electric load. 
 

Unique From Identifier (e.g. 1, 2, 3…)  
Besides the measures already inspected today, are there any other changes that occurred since January 2006 that 
might have significantly impacted (5% or more) your home’s annual electric energy use? 

Type of Change (Equipment\Operation\Occupancy\BldgChange\Other) EQ  OP  OC   BL  OT 

Describe the change(s):   

 

 

 

 

 

 

 

 

 

Date Installed/Adopted    
Before or After PV Activation Date?   B        A      DK   

If before, did this impact PV system sizing? Y        N 
Was this change Before or After Energy Efficiency Audit? B     A     DK    NA 

Was this change recommended in Audit? Y     N    DK    NA 
Decision Driver (see Codes Below)  

Change Involved Fuel Switching? Y, if yes describe above        N 
If fuel switching: Fuel of new equipment (Gas, Elec, Propane, Solar, Other describe) G     E     P    S    O 

If fuel switching: fuel of removed equipment G     E     P    S    O 
#of Units    

Unit Basis    

Manufacturer:  
Model Number:  

Size and size units (rated amps, input kBtuh, hp, etc.)  
Describe Effect on Electricity Consumption: (Reduced or Added Load) R      A      DK 

 

    Decision Drivers Code     Decision Drivers Code 
   Audit Recommendation                              
   Reduce energy consumption 

A 
R     Changes in Facility Operations C 

    Save money on energy bill B      Codes and Standards Requirement S 
    Reduce peak load P      Non-Energy related decision N 
    Environmental Concern E      Other (describe in comments) OT 
    Facility Requirements Q   
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  Site ID # __________________ 
CSI Impact Evaluation Residential Onsite Verification Survey Form LASTFORM, page __ of __ 
 

 

General Comments 

Item 
# Form Name Comments 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 

Site Photo Log 
Record site photo information here including the PhotoID (i.e. digital file name) and a brief description of the photo where 
needed.  Photo/file naming conventions is SiteID_Item# or SiteID 00# (e.g. PGE_056789_1.jpg,  PGE_056789 001.jpg).    
Item # Description/Comments/Measure Code (no data entry) 

1  
2  
3  
4  
5  
6  
7  
8  
9  
10  
11  
12  
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  Site ID # __________________ 
CSI Impact Evaluation Residential Onsite Verification Survey Form LASTFORM, page __ of __ 
 

  

EE Measures-PV System Load Sizing Assessment 
These questions try to assess the extent that EE measures were considered and implemented in sizing the PV system. Be 
careful not to push or suggest ideas to the site owner, but instead let them explain why they made the decisions they did.  
EE measures may be more cost-effective than PV.  Were energy efficiency measures considered prior to PV install, 
after PV install, or not at all?

 Considered EE prior to PV installation     
 Please select ONE of the following:     

 Considered EE after PV installation     
 Considered EE Before and After PV installation  
 Did not consider EE     
 Don’t Know  

If considered EE before PV: What role, if any, did the consideration of energy efficiency measures have on the sizing of 
the PV system? 

 
 
 
 
 
 
 

 
If installed measures: Why was the particular combination of EE measures installed? 

 
 
 
 
 
 
 

 
If considered EE but no measures: Why did you elect not

 
 to install any EE measures? 

 
 
 
 
 
 

 
If no consideration of EE: Why did you not

 
 consider EE measures? 
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  Site ID # __________________ 
CSI Impact Evaluation Residential Onsite Verification Survey Form LASTFORM, page __ of __ 
 

  

EE Measures-PV System Load Sizing Assessment (Continued) 
 

Select 

Surveyor qualitative assessment of remaining EE potential for the site: 

one
Note:   The final assessment should be based on at least the criteria below, The previous form should be used for measures or 
equipment which may have been installed around the time of adding PV. 

 of the following:     HIGH           MED-HI           MED            MED-LO           LOW          NONE 

 
How many CFLs Installed?        
   N=None      FL=Few – Low Use Areas   FH=Few – High Use Areas   S=Several to all       N        FL       FH       S 

Energy Star Logo on Electronics/Appliances?         
   N=None      FL=Few, Low Use Appliances   FH=Few, High Use Appliances   S=Several to all       N         FL       FH       S 

 
Indicate the condition of the following appliances, and use this to assess the EE potential.  Condition codes are: 
N=New (2006+)   M=Mid-range (5-12 years old)   O=Older than 12 years    NA=Not present 

Air Conditioner N            M          O          NA 
Furnace N            M          O          NA 

Water Heater N            M          O          NA 
Clothes Washer N            M          O          NA 

Clothes Dryer N            M          O          NA 
Kitchen Refrigerator N            M          O          NA 

Dishwasher N            M          O          NA 
 

 
Comments/Explanation:  
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Site ID # _________________ 
CSI Impact Evaluation Onsite Verification Survey PV Form 

Rev Date 1/29/10   PV form Page 1 of 7 

PV System Inspection (rev 1/29/2010) 

PV Surveyor’s Initials  CSI Application #  
Sample Strata  Eval Phase  

 

A. System Information B. Other system information 
System Size (CEC PTC AC 
kW) 

 Installer  

System Size (Nameplate DC)  CSI Inspection result  
Incentive Type  CSI Inspection notes  
Program Type  
Host Customer type  

C. Special notes for site 
 

 

D1. PV Modules (check or enter correction under each pre-populated entry) 

Module 
Item # Manufacturer Model Quantity 

Tilt 
deg 

True-N = 0 
Azimuth 
(compass 
+15 deg) 

Tracking
/Fixed 

Soiling 
L  M  H  N 

Mounting 
Type 

Minimal 
shading

? 
Y   N 

          

Soiling: L= Light   M = Medium H = Heavy   N = No soiling 
Mounting Type Codes:  BI=BIPV or flush mount    Standoff:  S1=0-1” S3=1-3"  S6=3-6"   SX=more than 6" 

 

D2. Site conditions  
Record the observations in this table under relatively stable conditions of light. Avoid recording during passing cloud cover. 
Proceed to record inverter readings in Table E1 in quick succession or simultaneously. 
Ambient air temperature (deg F)  Sky Condition (clear, partly 

cloudy, overcast) 
 

Plane of Array Irradiance - Match up Module item # with the appropriate Inverter item #s wherever possible and evident 

Module item # 
Plane of array 

irradiance (W/m2) 

Shading on array at the 
time of observation 

Yes/No  

Associated Inverter item # 
(Enter inverter item #s from Tables E1 &E2 to match 

the Module item# in the row) 
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Site ID # _________________ 
CSI Impact Evaluation Onsite Verification Survey PV Form 

Rev Date 1/29/10   PV form Page 2 of 7 

Notes on PV modules (location, access, condition, maintenance, shading or any other observations about the 
modules that may be impacting performance of the system) 
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Site ID # _________________ 
CSI Impact Evaluation Onsite Verification Survey PV Form 

Rev Date 1/29/10   PV form Page 3 of 7 

 

E1. Inverters (check or enter correction under each pre-populated entry) 
    Instantaneous Display Readings   

Inverter 
item # Manufacturer Model Quantity 

Avg DC 
Voltage Total kW 

Lifetime 
kWh 

Time of 
reading 

(24 hr clock) 
        

AvgDC Voltage: Average DC voltage reading for multiple inverters Total kW: Add AC kW readings for multiple inverters  

Lifetime kWh: Add Lifetime kWh readings for multiple inverters  

 
Notes on Inverter (including location and environmental conditions of the inverters) 
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Site ID # _________________ 
CSI Impact Evaluation Onsite Verification Survey PV Form 

Rev Date 1/29/10   PV form Page 4 of 7 

 

E2. Inverter Readings Worksheet 
Use this table to record individual inverter readings for multiple inverters covered by a single Inverter Item # 

Inverter 
Item # 

Individual inverter number  
(Assign numbers starting from 1 for 

multiple inverters under each inverter 
item #) DC Voltage AC kW 

Lifetime kWh 
(record where 

available) Time of reading 
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Site ID # _________________ 
CSI Impact Evaluation Onsite Verification Survey PV Form 

Rev Date 1/29/10   PV form Page 5 of 7 

 

F. Monitoring and Performance Data  
Please interview the onsite contact to update information on performance monitoring and availability of PV performance data 
Does the site have any kind 
of monitoring service for PV 
data 

□ Yes 
□ No 

If Yes, then ask for the 
date monitoring was started  

PV data available to Itron  
If data not available to Itron, ask site contact if 
access to the data stream can be provided, if site is 
monitored 

□ Yes 
□ No 

Note or update 
Performance Monitoring 
Provider 

Provider company name 
fill in the company name if blank or 

correct if site contact provides a different name or enter "None" if no 
monitoring 

Contact name 

PMRS Provider  
(only relevant to EPBB Incentive type) 

  

PDP Provider  
(only relevant to PBI Incentive type) 

  

Type of display 
(Check all that apply) 

Metrics on the 
performance display 

unit 
(Check all that apply) 

Data visible only for 
current time and recent 

past (past couple of 
days or months) 

Data available and 
visible for all the time 
period since system 
monitoring started 

□ Inverter integrated display Instantaneous power kW □  
□ Separate performance meter Hourly kWh □ □ 
□ Website Daily kWh □ □ 
□ Kiosk / Stand alone device / in home display device Monthly kWh □ □ 
□ None Annual kWh □ □ 

 
G. PV System Outages 
Estimated PV Activation Date   PV activation date from utility 

interconnect tag on meter  
 

PV activation date from on site contact  

Question on-site contact about estimated outages in terms of weeks 

Year Weeks of outage Reason 
During 2007   
During 2008   
During 2009   
During 2010   
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Site ID # _________________ 
CSI Impact Evaluation Onsite Verification Survey PV Form 

Rev Date 1/29/10   PV form Page 6 of 7 

 

Notes on customer expectation of system performance and experience with monitoring service, display and any 
repairs resulting from monitoring alerts. 
 

Notes on customer experience with utility interconnect process and Net Energy Metering bill. 

 

General notes about the PV system and site 
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Site ID # _________________ 
CSI Impact Evaluation Onsite Verification Survey PV Form 

Rev Date 1/29/10   PV form Page 7 of 7 

 

H. Shading Observations 
Complete this form only if an array does not meet the minimal shading criteria, otherwise skip this form completely.  
Record only 1 array on a form, attach additional forms for each additional array which requires detailed shading observations.  
Module item # (use reference from section D)  
Array ID # (create a sub-number to identify the array if there are 
multiple arrays under a Module item#) 

 

Take snapshot of horizon using the SunEye/Solarpathfinder 
 at the major corners of the array if more than 4 obstructions 

□ Suneye  □ SolarPathFinder  □ None   

Take pictures to document the scene with the array and obstruction in 
sight 

□ 

Sketch Create a sketch of the system with the rough location of the obstructions. Please label and mark the obstructions and the points 
from which pictures were taken. Use the following labeling convention. Points on the Array 1, 2, 3,…… Obstructions A, B, C, D……. 
 

Shading Notes 
current and potential shading due to changing conditions, such 
as growing trees or upcoming development of high rise etc. 

Record obstructions only if 4 or fewer, else use instrument to capture 
skyline 
List of Obstructions 
 

Point of 
reference 
on array 

Obstruction 
Azimuth 

Dist from 
array (ft) 

Ht. above 
array (ft) 
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On-Site Inspection Form—Nonresidential 
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  Site ID # _________________  
CSI Nonresidential Onsite Verification Survey  Form COVER 
 

  

CSI Impact Evaluation 
Nonresidential On-Site Verification Survey Form (Rev: 2/11/2010) 

General Site Information (from phone survey & IOU tracking database) 

Itron SiteID  
Sample Strata  Evaluation Phase  
 
Business Name 
( t (A t l/St f t) 

 
Service Address  
City  Zip Code  
CORRECTIONS TO SITE INFORMATION 
Revised   Corp. (Multi-Site) Name 
Revised   Business Name 
Revised   Service Address 
Revised   City Revised   Zip 
 
Site Contact Information 

Phone Survey (PS) Completion Date:  _________________ Phone Survey Respondent:   ________________  
 Contact Name Phone Number Alternate Phone Email Address Contacted 

OS Primary      

OS Back-up      

OS Other      

                    Note: Use the “Contacted” check box to indicate the actual contact(s) for the site visit.  
Scheduling Notes/Special Instructions for On-site Visit:  

 

 

  
Survey Tracking Information 

Survey Company (Itron,KEMA):  Assigned Surveyor’s Initials:     

Survey Duration (24 hr clock) Start: ___________  Survey Duration (24 hr clock) End: _____________ 
Survey Travel Mileage: ____________miles Total Time (Onsite+QC+Travel) _____________ hrs 

 
 Date: Initials 

Field survey completed: __ __ / __ __ / __ __ __ __ __ 

Survey received from surveyor: __ __ / __ __ / __ __ __ __ __ 

Initial QC check completed: __ __ / __ __ / __ __ __ __ __ 

Survey received at Itron: __ __ / __ __ / __ __ __ __ __ 

Itron QC completed: __ __ / __ __ / __ __ __ __ __ 

Returned to Survey Company: __ __ / __ __ / __ __ __ __ __ 

Data entry completed: __ __ / __ __ / __ __ __ __ __ 
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  Site ID # _________________ 
CSI Nonresidential Onsite Verification Survey  Form MEAS_SUM 
 

Revised: 2/4/10   

Measure Summary Sheet  
This is a summary of all of the EE measures implemented at this site as extracted from the IOU tracking database and self-
reported by the customer on the phone survey.  All of the measures listed here should also be found on the measure-level 
verification forms.  

Measure 
Category 

Self-Report / 
Rebated 

Measure 
Code Measure Name 

Unit 
Basis 

 
 # of Units 

      

 
EE and PV Framework Questions 

Approximately what percent of your facilities annual electricity consumption is offset by your PV 
system? 

 
___________% 

Since January 1, 2006 has this facility had an energy efficiency audit, where recommendations are 
provided based on your facility’s characteristics that would reduce energy use? 

Y       N     DK 

Did your organization complete an energy efficiency audit for this facility as part of the CSI 
program application process? (note this may or may not be the audit referenced above) 

Y       N     DK 

 
EE Measure and Practice Timing and Decision Sheet  
For each measure and/or practice listed here, please confirm or record the date of installation, timing relative to PV system 
activation, timing relative to the energy efficiency audit, and whether the measure was recommended in the Audit.  If a CSI 
Energy Efficiency Audit was not conducted at the site then indicate “N/A” for those fields.  
Measure 

Code 

Meas / 
Practice 
Category Measure Name or Practice Description 

Date of 
Install 

Before/After 
PV Installed 

(B  A  DK) 

Before/After 
CSI EE Audit 
(B  A DK NA) 

Recommended 
in CSI EE Audit  

(Y  N DK NA) 

Decision 
Driver 
Codes 

        

 
Comments:  

 

 

 

 

 

 

 
    Decision Drivers Code     Decision Drivers Code 
    Audit Recommendation 
    Reduce energy consumption/bill 

A 
R     Improve Facility Operations F 

    Reduce peak load P      Codes and Standards Requirement S 
    Environmental Concern E      Non-Energy related decision N 
    Facility Requirements Q      Other (describe in comments) OT 
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  Site ID # _________________ 
CSI Impact Evaluation Nonresidential Onsite Verification Survey Form SITEINFO 
 

Revised: 1/27/10  

Site & Business Characteristics 
Fields in this table will be populated as much as possible with data from the phone survey.  However, any fields that are blank should be 
completed during the on-site verification.  Any fields that are incorrect should also be corrected. 

Electric Utility         
Gas Utility        PGE    SCG    SDGE    AllElec/None    Propane    LBGO     SWG    OT ___________________________ 

Phone Survey Building Type  
What year   was this business established at this location?  
What year   (or decade) was this facility first constructed?  

PV System Activation Date (for app listed on PV form)    
Is this site covered by multiple CSI applications (ask site contact)? Y      N      DK 

Total Heated/Cooled Floor Area (or range)   
Total Site Floor Area, sq ft (on-site measurement/estimate)  

Cooling Type: 1=No A/C   2=Split-System  3=PkgRooftop    4=PTAC/PTHP  5=EvapCool 
                          6=Chiller   7=IndivAC/HP   8=WLHP   OT=Other   

Heating Fuel Type:  1=Gas   2=Electric   3=Both   4=Propane  5=None   OT=Other  
Observed Business/Building Type Code (Use Business/Building Type Codes table below)  
What kind of site is this?   P = Part of a bldg     B =  Single building   SM = Small multi-building 

                CM = Campus (multi-bldg, subsampled bldgs)    OT =  Other ___________________________  
 

 
Primary Product/Service (do not leave blank

 

):  Give a brief description about the type of work and/or primary product or 
service.  What is the primary activity(ies) that occur here and what makes this site unique from other businesses of this type? 

 

 

 
    Business Type Code     Business Type Code     Business Type Code 
Offices (Non-Medical):  Retail Store:  Lodging:  

    Administration and management 011     Department / Variety Store 041     Hotel 081 
    Financial / Legal  012     Retail Warehouse/Clubs 042     Motel 082 
    Insurance/Real Estate 013     Shop in Enclosed Mall 043     Resort 083 
    Data Processing/Computer Center 014     Shop in Strip Mall 044     Other Lodging 084 
    Mixed-Use/Multi-tenant 015     Auto Sales 045 Public Assembly:  
    Lab/R&D Facility 016     Other Retail Store 046     Religious Assembly (worship only) 091 
    Software Development 017 Warehouse:      Religious Assembly (mixed use) 092 
    Government Services 018     Refrigerated Warehouse 051     Health/Fitness Center 093 
    Other Office 019     Unconditioned Warehouse, High Bay 052     Movie Theaters 094 
Restaurant/Food Service*:      Unconditioned Warehouse, Low Bay 053     Theater / Performing Arts 095 

    Fast Food or Self Service 021     Conditioned Warehouse, High Bay 054     Library / Museum 096 
    Specialty/Novelty Food Service 022     Conditioned Warehouse, Low Bay 055     Conference/Convention Center 097 
    Table Service 023 Health Care:      Community Center 098 
    Bar/Tavern/Nightclub/Other 024     Hospital 061     Other Recreational/Public Assembly 099 
    Other Food Service 025     Nursing Home 062 Services:  
Food Stores :      Medical/Dental Office 063     Gas Station / Auto Repair 101 

    Supermarkets 031     Clinic/Outpatient Care 064     Gas Station  w/Convenience Store** 102 
    Small General Grocery 032     Medical/Dental Lab 065     Repair (Non-Auto) 103 
    Specialty/Ethnic Grocery 033 Education:      Other Service Shop 104 
    Convenience Store** 034     Daycare or Preschool 071 Miscellaneous:  
    Liquor Store 035     Elementary School 072     Assembly / Light Mfg. 111 
    Other Food Store 036     Middle / Secondary School 073     Police / Fire Stations 112 
Agricultural:      College or University 074     Post Office 113 

    Commercial Greenhouse 200     Vocational or Trade School 075 Other Comm.   Describe above 130 

    Other Ag.  Describe below 210   
Industrial:  Use SIC or NAICS code 
  

* For Restaurant/Food Service businesses, note in Primary Product/Service comment  which meals are served (Breakfast/Lunch/Dinner).    
** Convenience stores that do not sell gasoline should be coded as 034; convenience stores that do sell gasoline should be coded as 102. 
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  Site ID # __________________ 
CSI Nonresidential Onsite Verification Survey  Form HRSCHD2, page ___ of ___ 
 

  

Business Hours  
Verify or specify Normal Business Hours.  Ask about and note seasonal variations in comments.  Seasonal operation is a 
significant change in normal business hours, such as the summer break period for schools that follow a traditional schedule.   
24/7 Sites Only:  Number of work shifts per day ______ 
 

Normal Business Hours 

Define typical operation for all

 
 Day Types listed below and specify hours in military time (8:30 am=0830, 6:30 pm=1830).  

For partial (i.e. not full) operation days, also indicate the approximate % of full operation as Partial Op %.   

Day Type Business Hours (24 hr clock) Closed All Day? Open 24 hrs? By Appt. PartialOp% 

Monday from __ __ __ __  to  __ __ __ __     

Tuesday from __ __ __ __  to  __ __ __ __     

Wednesday from __ __ __ __  to  __ __ __ __     

Thursday from __ __ __ __  to  __ __ __ __     

Friday from __ __ __ __  to  __ __ __ __     

Saturday from __ __ __ __  to  __ __ __ __     

Sunday from __ __ __ __  to  __ __ __ __     

 

Comments: 
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  Site ID #_______________ 
CSI Impact Evaluation Nonresidential On-Site Verification Survey  Form ACCT_MTRS, page __ of __ 

  

 
Electric Meters 
Record meter numbers for the site and if possible note which one serves the targeted PV system.  If meters are not accessible, 
try to obtain meter numbers from the customer bills, especially for the pre-PV meter numbers.  

 Meters inaccessible, access denied, etc.: Explain why in comments 
   

# 
Associated w 
PV System Meter Numbers 

__  __ __ __ __ __ __ __ __ __ __ __ 

__  __ __ __ __ __ __ __ __ __ __ __ 

__  __ __ __ __ __ __ __ __ __ __ __ 

__  __ __ __ __ __ __ __ __ __ __ __ 

__  __ __ __ __ __ __ __ __ __ __ __ 

__  __ __ __ __ __ __ __ __ __ __ __ 

__  __ __ __ __ __ __ __ __ __ __ __ 

__  __ __ __ __ __ __ __ __ __ __ __ 

__  __ __ __ __ __ __ __ __ __ __ __ 

__  __ __ __ __ __ __ __ __ __ __ __ 

 
On-Site Power Generation  
Cogeneration, self-generation, and emergency generators other than the system identified by the CSI application number. 

System Type:  I = Internal Combustion Engine   G = Gas Turbine   M = Micro-turbine 

C = Combined Cycle      S = Solar array/Photovoltaic     O = Other    
I    G    M 
C    S    O 

This energy generation equipment is also associated with CSI PV System Meter DK     No     Yes   If yes, explain in 
comments 

Is this an emergency generator (check box if yes)?  
How often is it tested? (then skip to Manufacturer)  

What is the plant generation capacity?  (kW)  
Fossil Fuel Type (if applicable): G = Natural Gas   F = Fuel Oil   O = Other   (describe ) G      F      O 

Use for generated power:   P = Peak Shaving   B = Base load  O = Other   P     B      O 

What percent of generated electricity is sold back to the utility? % 

Average operating hours per day (If seasonal, describe operation below):  

Number of operating days per year:  

Make/Manufacturer:  

Model#  

Date of Install:  

 
Comments:  

 

 
 
 
 

 

On-Site Inspection Forms C-35



  Site ID # __________________ 
CSI Nonresidential On-Site Verification Survey  Form LINFLUOR, page __ of __ 
 

 

Linear Fluorescent and Other Lighting Measures (Not Controls) 
Measure Category   LINFLUOR_MeasCategory 

Measure Info Source: PS Self-Report or IOU Tracking LINFLUOR _Source 
Measure Code   LINFLUOR _OS_MeasCode 

Measure Name   LINFLUOR _OS_MeasName 
Self-Report Verbatim Description LINFLUOR _Verbatim 

#of Units   LINFLUOR _UnitQty 
Unit Basis   LINFLUOR _UnitBasis 

Correct Unit Basis (only if incorrect or blank above)  

Inspector description for vague measure names  

Can measures be clearly identified? Y        N 

HIGH LEVEL CHARACTERISTICS (specifiy up to 3 types/configurations) 
Not an EE measure:    A=Additional equipment (not replacement)   
  N=Not high-efficiency     D=Duplicate (describe)     O= Other (describe)                 A         N        D       O 

Describe Pre-Retrofit/Replaced Lighting Equipment 
(Length, diameter, age, wattage, etc.)  

 

SYSTEM DETAILS (up to 3 configurations) 

Inside or Outside lighting? I         O I         O I         O 
Lamp Type Code (from table)    

Delamped fixture:    
Fixture height in feet    

Total number of fixtures    
Number of lamps per fixture    

Total number of lamps installed    
Lamps/fixtures are NOT accessible (Check box & comment)    

Lamp Wattage    
Tube Length in ft. (e.g. 1.5   2  4  8)    

Tube Diameter ( T5 T8 T12)    
 
Comments:_________________________________________________________________________________________

__________________________________________________________________________________________________ 

__________________________________________________________________________________________________

__________________________________________________________________________________________________ 

 

 
LAMP TYPE CODES 
F = Linear Fluorescent 
MV = Mercury Vapor 

LED =  LEDs 

MH = Standard Metal halide ER =  Self/battery powered exit signs 
PS = Pulse-Start Metal Halide Q = Quartz/Halogen 
H = High Pressure Sodium Vapor E = Electrodeless/Induction 
L = Low Pressure Sodium Vapor IP = Incandescent PAR 
UT = Fluorescent U-tube IR = Incandescent Reflector 
LEX =  LED Exit 
LEC = CFL Exit 

I = Incandescent 
LEI = Incandescent Exit 
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  Site ID # __________________ 
CSI Impact Evaluation Nonresidential Onsite Verification Survey Form CFL, page __ of __ 
 

  

CFL Compact Fluorescent Lighting Measures 
Measure Category   CFL_MeasCategory 

Measure Info Source: PS Self-Report or IOU Tracking CFL_Source 

Measure Code CFL_OS_MeasCode 
Measure Name   CFL_OS_MeasName 

Self-Report Verbatim Description CFL_Verbatim 
#of Units   CFL_UnitQty 

Unit Basis   CFL_UnitBasis 
Inspector  description for vague measure names  

Can measures be clearly identified? Y        N 

HIGH LEVEL CHARACTERISTICS 
Not an EE measure:    A=Additional equipment, (not replacement)   

  N=Not high-efficiency   D=Duplicate (describe) O= Other (describe)                 A     N     D     O 

Lamp Type Replaced  (I = Incand   C= CFL   M=Mixed OT=Other) I      C      M    OT 
SYSTEM DETAILS (specify up to 3 types) 
Inside or Outside lighting? I         O I         O I         O 

CFL Lamp Type Code (from table)    
Lamps/fixtures are NOT accessible (Check box & explain in comments)    

Lamp Wattage    
Base type:  P=Pin-base    S=Screw-base P    S P   S P   S 

Number of Lamps Installed    
Number of Fixtures    

 

Comments (also record make/models):  
 
 
 
 
 

 
 

 

 
 

CFL Lamp Type Codes 
TW  = Bare-MiniTwist/Screw   TU = Bare-Tube      AL = Covered-ALine     GL = Covered-Globe  

BU = Covered-Bullet/Post/Candelabra        CIR = Circline       RF = Reflector 
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  Site ID # __________________ 
CSI Impact Evaluation Nonresidential On-Site Verification Survey Form AC, page __ of __  
 

 

Air Conditioning Equipment 
Measure Category   AC_MeasCategory 

Measure InfoSource: PS Self-Report or IOU Tracking AC_Source 
Measure Code   AC_OS_MeasCode 

Measure Name   AC_OS_MeasName 
Self-Report Verbatim Description AC_Verbatim 

#of Units   AC_UnitQty 
Unit Basis   AC_UnitBasis 

Correct Unit Basis (only if incorrect or blank above)  

Inspector description for vague measure names  

Can measures be clearly identified? Y        N 

HIGH LEVEL CHARACTERISTICS 
Not an EE measure:  A=Additional equipment, (not replacement) 
 N=Not high-efficiency ,   D= Duplicate (describe)  O= Other (describe)                 A      N      D     O 

Describe Pre-retrofit/Replaced Equipment 
(same size, SEER, age, etc.)   

 

SYSTEM DETAILS 
Air Conditioning Equipment Type: 

S = Split System   P = Packaged System   T= PackageTerminal AC 
E = Evaporative Cooler    C = Chiller    AHP = AirSourceHeat Pump 

WHP = WaterLoop Heat Pump O = Other, describe in comments 

S      P      T       E      C    AHP   WHP      O 

Evidence of RCA Test? (sticker) Y          N           DK 
Installed # of units   

Capacity-Size (Avg. per unit if multiple sizes)   
Unit Basis for Capacity/Size (T=Tons, B=kBtuh)                                       T       B 

 Non-Electric Cooling Fuel Type (Gas   Other) G     O 
Package Unit Heating Fuel Type (Gas   Electric Other) G     E    O 

Location of Installed Unit  
Units are NOT accessible (Check box & describe in comments)  

Variable Speed Fan Motor Y               N             DK 
Efficiency Rating  

Unit Basis for Efficiency Rating (SEER, EER, COP, kW/Ton)   
Make/Manufacturer  

Model #  
 
Comments:  
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  Site ID # __________________ 
CSI Impact Evaluation Nonresidential Onsite Verification Survey Form WH_BLR_FURN, page __ of __  
 
Water Heating, Boiler, & Furnace Measures 

Measure Category   WBF_MeasCategory 
Measure Info Source: PS Self-Report or IOU Tracking WBF_Source 

Measure Code   WBF_OS_MeasCode 
Measure Name   WBF_OS_MeasName 

PS Self-Report Verbatim Description WBF_Verbatim 
#of Units   WBF_UnitQty 

Unit Basis   WBF_UnitBasis 
Inspector description for vague measure names  

Can measures be clearly identified? Y        N 

HIGH LEVEL CHARACTERISTICS 
Not an EE measure:    A=Additional equipment, (not replacement)   

  N=Not high-efficiency     D=Duplicate (describe) O= Other (describe)                 A     N     D     O 

Describe Pre-Retrofit/Replaced Equipment  
  

 

SYSTEM DETAILS 
Equipment type:                    S = Standard/Storage water heater 
I = Instantaneous (tankless) 

PHW = Purchased hot water          PS = Purchased steam 
           DWB = Dishwasher booster heater 

HP = Heat pump water heater        F = Furnace        SB  = Steam Boiler 
HB = Hot Water Boiler                  OT = Other specify in comments  

S        I      DWB   PHW   PS    HP 
 

F         SB      HB       OT 

Fuel type:  
E =  Electricity     G =Natural Gas       P = Propane/LPG 
F = Fuel Oil          SO = Solar-only          SG = Solar w/gas backup 
HR = Heat Recovery 

E    G     P     F    SO    SG    HR   O 
      O =  Other, describe in comments  

Did previous unit use same fuel type?  If not, note previous fuel type  E    G     P     F    SO    SG    HR   O 

End Uses Served (circle all) : S=SpaceHtg  W = ServiceWtrHtg    P=Process S     W    P 

Installed Number of units  

Make/Manufacturer  

Model #  

Tank capacity/volume (gallons) (boiler/water heat only)  

Rated Input capacity  

Units of rated input capacity:   B = kBtuh   W = kW  B       W 

Efficiency rating  
Efficiency units:  E = EnergyFactor  T = ThermalEff.    A = AFUE  C = COP  H=HSPF E    T    A    C  H 
 

Comments:  
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  Site ID # __________________ 
CSI Impact Evaluation Nonresidential On-Site Verification Survey Form MOTORS, page __ of __  
 

  

Motors (HVAC and NonHVAC) 
Measure Category   MOTORS_MeasCategory 

Measure Info Source: PS Self-Report or IOU Tracking MOTORS_Source 
Measure Code   MOTORS_OS_MeasCode 

Measure Name   MOTORS_OS_MeasName 
Self-Report Verbatim Description MOTORS_Verbatim 

#of Units   MOTORS_UnitQty 
Unit Basis   MOTORS_UnitBasis 

Correct Unit Basis (only if incorrect or blank above)  
Inspector description for vague measure names  

Can Reported measures be clearly identified? Y        N 

HIGH LEVEL CHARACTERISTICS 
Not an EE measure:    A=Additional equipment, (not replacement)   

  N=Not high-efficiency    D=Duplicate (describe) O= Other (describe)                 A        N       D       O 

Describe Pre-Retrofit/Replaced Equipment 
 

 

SYSTEM DETAILS 
Units are NOT accessible (Check box & describe in comments)  

Installed # of units   
  Process/Application Description  

Service Type  H   P   F   M   T   G   E   PE   FE  S O 
Nameplate: Size (HP)  

Nameplate: RPM  
Nameplate: NEMA Encl. Type O      T       OT 
Nameplate: NEMA Nom. Eff.  

Load Type C     V     I 
Make/Manufacturer  

Model #  

Comments:________________________________________________________________________________________ 

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________ 

Motor Codes 

Service Type Drive Type NEMA Encl. Type Load Type 
  H : HVAC   AC : AC  O =Open drip-proof   C : Constant 

F : Fan/Blower   DCS : DC w/ SCR T =Totally enclosed   V : Variable 
P : Pump   DCM : DC w/ MGS        fan-cooled    I : Intermittent 
M: Material Handling/conveyor   EG : Nat gas driven OT = Other  
T : Machine Tool   FG : Fossil driven   
G : Grinding/milling   SD : Steam driven   
E : Escalator***    
PE : Passenger Elevator***    
FE : Freight Elevator***    
S : Separation    
O :  Other     
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  Site ID #_ _ _ _ _ _ _ _ _ _ 
CSI Impact Evaluation Nonresidential On-Site Verification Survey Form PROCESS, page __ of __ 

Revised 2/4/2010  

Process (Non-Motor) Equipment 
Measure Category   PROCESS_MeasCategory 

Measure Info Source: PS Self-Report or IOU Tracking PROCESS_Source 
Measure Code   PROCESS_OS_MeasCode 

Measure Name   PROCESS_OS_MeasName 
Self-Report Verbatim Description PROCESS_Verbatim 

#of Units   PROCESS_UnitQty 
Unit Basis   PROCESS_UnitBasis 

Correct Unit Basis (only if incorrect above)  
Inspector description for vague measure names  

Can Reported measures be clearly identified? Y        N 

HIGH LEVEL CHARACTERISTICS 
Not an EE measure:    A=Additional equipment, (not replacement)   
  N=Not high-efficiency    D = Duplicate (describe) O= Other (describe)                 A       N       D      O 

Describe Type of Removed Equipment :  

SYSTEM DETAILS 
Units are NOT accessible (Check box & describe in comments)  

Process Equipment Code  

Number of Units  
Efficiency Rating  

Units for Efficiency Rating    
Size /Capacity (avg. per unit)  

Units for Size/Capacity (Tons, HP, kW, kBtuh, Sqft, Other -describe) T       HP      W      B      S       O 
Make/Manufacturer  

Model #  
Fuel Used by Measure?  Gas, Elec, Other describe in comments G        E       O   

Did previous unit use same fuel type?  If not, note previous fuel type G        E       O  
Processing Equipment Description: 
 
 
 
 
 

 

Comments:_______________________________________________________________________________________ 

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________ 
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  Site ID #_ _ _ _ _ _ _ _ _ _ 
CSI Impact Evaluation Nonresidential On-Site Verification Survey Form PROCESS, page __ of __ 

Revised 2/4/2010   

Process Equipment Codes 

Heat Processing:  Pulping:  Drying/Curing/Baking:  
Direct Fired Gas Heating DFGH Batch Digesters DIGST Ovens OVENDCB 
Direct Fired Oil Heating DFOH Stock Refiners STKREF Microwave MICRODCB 
Blanchers BLNCH Paper Preparation:  Infrared IR 
Microwave MICROHP Pulpers PULP Electric Resistance ELRES 
Sterilizers STER Refiners REFNR Steam from Process Boiler STM 
Pasteurizers PAST Stock Mixers STKMXR Ultraviolet UV 
Induction Heating INDCTHTG Separation and Distillation:  Kiln KILN 
Induction Melting INDCTMLT Thermal Distillation Column THRMDC Radio Frequency RFDCB 
Radio Frequency RFHP Freeze Concentration FRZCON Electron Beam EBDCB 
Indirect Resistance INDIRES Vacuum Condensation VACCON Refrigeration/Freezing:  
Direct Resistance DIRRES Membrane Separation MEMSEP Forced Air Cooling FORAIR 
Encased Resistance ENCRES Pressure Swing Absorption PSA Blast Freezing BLSTFRZ 
Plasma Processing PLSMHP Vacuum Concentration VACCNTR Hydrocooling HYDRCL 
Electric Arc Furnace ELARCFRN Ultra Filtration ULTRAFLT Belt Freezing BLTFRZ 
Ion Nitriding IONNIT Reverse Osmosis REVOS Plate Freezing PLTFRZ 
Laser Hardening LASER Evaporators EVAP Vacuum Cooling VACCL 
Cupola CUPOLA Solid-Liquid Extraction:  Immersion Freezing IMMFRZ 
Dehydration:  Single Stage Extractors SSEXT Mixing and Emulsification:  
Convection Dryer CONVDR Multi-Stage, Static Bed Extractors MLTEXT Pressure Homogenizers PRSHOM 
Infrared Dryer IRDR Continuous Moving-Bed Extractors CONBED Ultrasonic Emulsification Devices ULTRAEMD 
ElectricResistanceDrying ELRESDH Plastic Molding:  Fiber Preparation:  
Microwave Dryer MICRODH Injection Molding INJMLD Dye Tanks DYE 
Material Preparation:  Extrusion Molding EXTMLD Crystallization:  
Arc Welding ARCWLD Blow Molding BLWMLD Oil Winterization OILWNTR 
Laser Cutting LASERCT Rotational Molding ROTMLD Freeze Concentration FRZCONC 
Water Jet Cutting WTRJET Compression Molding COMPMLD Ice Crystallization ICECRYS 
Electron Beam Welding EBWMP Thermoforming THRMFRM Lactose Crystallization LACCRYS 
Laser Welding LASERWLD   Fat Crystallization FATCRYS 
Plasma Cutting PLSMMP Washing and Drying:  Screening and Separation:  
Filtration:  Rotary Kilns ROTKLN Froth Floatation Baths FRTH 
Pressure Filters PRESFLT Cascade Dryer CASCDR Exploration and Drilling:  
Vacuum Filters VACFLTR Fluidized Bed Dryer FBD Engine Driven Boring Equipment ENGBOR 
Finishing:  Suspension Dryer SUSPDR Emission Reduction Equipment:  
Ovens OVENF   Standard Thermal Oxidizer STHOX 
Electroplating ELPLT   Recuperative Thermal Oxidizer RTHOX 
Hot Dip Galvanizing HDG   OTHER OT 
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  Site ID # __________________ 
CSI Impact Evaluation Nonresidential On-Site Verification Survey Form CONTROLS, page __ of __  
 

Revised 2/4/2010   

Controls 
Measure Category   CONTROLS_MeasCategory 

Measure Info Source: PS Survey Self-Report or IOU Tracking CONTROLS_Source 
Measure Code   CONTROLS_OS_MeasCode 

Measure Name   CONTROLS_OS_MeasName 
Self-Report Verbatim Description CONTROLS_Verbatim 

#of Units   CONTROLS_UnitQty 
Unit Basis   CONTROLS_UnitBasis 

Correct Unit Basis (only if incorrect or blank above)  
Inspector description for vague measure names  

Can measures be clearly identified? Y        N 

HIGH LEVEL CHARACTERISTICS 

Not an EE measure:    R=Replaced Like Control Device      
N=Not high-efficiency      D= Duplicate, describe    O= Other, describe                 

R         N         D         O 

Describe Pre-Retrofit/Uncontrolled Condition 
 

 

SYSTEM DETAILS 

End Uses Controlled: 
L = Lighting     H = HVAC   M = Motors    P = Process   R = Refrigeration  
WH = Water Heat    OT = Other 

 
L       H      M      P      R      WH    OT 

Control Equipment:     P=Photocell       T=Timeclock   
PAT=Photocell+Timeclock      B=Bypass Delay Timer   DM=Dimmer  
DL=Daylighting Controls   OC= Occupancy Sensor    M = MotorCtrls   
EMS =Energy Management System         VSD=VariableSpeedDrive                         
PG=Programmable T-Stat         OT=Other (describe) 

P      T      PAT     B    DM     DL     OC    M 
 

EMS     VSD     PG     OT 

Fuel Type of Controlled Equipment: 
E = Electricity     G = Natural Gas   O =  Other, describe in comments  

E             G            O 

Installed # of units  

Describe Control Device and Strategy: 

 

Describe Controlled Equipment: 

 

Total capacity of controlled equipment   

Units of controlled capacity:     B = kBtuh    W = kW  HP=Horse Power  
O=Other, describe in comments 

B         W       HP      O 

 

 

Comments:________________________________________________________________________________________ 

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

______________________________________________________________________________________________ 
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  Site ID # __________________ 
CSI Impact Evaluation Nonresidential On-Site Verification Survey Form GENERIC, page __ of __  
 

 

Generic Measure Verification Form  
Measure Category   GENERIC_MeasCategory 

Measure Info Source: PS Self-Report or IOU Tracking GENERIC_Source 
Measure Code   GENERIC_OS_MeasCode 
Measure Name   GENERIC_OS_MeasName 

PS Self-Report Verbatim Description GENERIC_Verbatim 
# of Units   GENERIC_UnitQty 
Unit Basis   GENERIC_UnitBasis 

Correct Unit Basis (only if incorrect or blank above)  
Inspector description for vague measure names  

Can measures be clearly identified? Y        N 
HIGH LEVEL CHARACTERISTICS 

Not an EE measure:  A=Additional equipment (not replacement)   
N=Not high-efficiency     D=Duplicate, describe      O= Other ,describe                 

A        N        D       O 

Describe Pre-Retrofit/ Replaced Equipment   
 

SYSTEM DETAILS 
Units are NOT accessible (Check box & describe in comments)  

Installed Number of Units  
Efficiency Rating  

Units for Efficiency Rating    
Size-Capacity (avg. per unit)  

Units for Size/Capacity (T=Tons, HP, Watts, kBtu, Sqft, Other describe  T   HP  W  B   S   O 
Make/Manufacturer  

Model #  
Fuel Used by Measure: Elec Gas  Propane  Solar Other, describe in comments E       G     P     S     O 

Did previous unit use same fuel type?  If not, note previous fuel type  E       G     P     S     O 
 
Comments:  
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  Site ID # __________________ 
CSI Impact Evaluation Nonresidential Onsite Verification Survey Form OTHR_LOAD, page __ of __  
 

Revised: 1/27/10  

Other Changes Affecting Electricity Consumption 
Use as many copies of this form as needed to record any additional changes made at or to the business that would have 
affected the electric load. 
 

Unique From Identifier (e.g. 1, 2, 3…)  
Besides the measures already inspected today, are there any other changes that occurred since January 2006 that 
might have significantly impacted (5% or more) your businesses annual electric energy use? 

Type of Change (Equipment\Operation\Occupancy\BldgChange\Other) EQ  OP  OC   BL  OT 

Describe the change(s):   

 

 

 

 

 

 

 

 

 

Date Installed/Adopted    
Before or After PV Activation Date?   B        A      DK   

If before, did this impact PV system sizing? Y        N 
Was this change Before or After Energy Efficiency Audit? B     A     DK    NA 

Was this change recommended in Audit? Y     N    DK    NA 
Decision Driver (see Codes Below)  

Change Involved Fuel Switching? Y, describe above        N 
If fuel switching: Fuel of new equipment (Gas, Elec, Propane, Solar, Other describe) G     E     P    S    O 

If fuel switching: fuel of removed equipment G     E     P    S    O 
#of Units    

Unit Basis    

Manufacturer:  
Model Number:  

Size and size units (rated amps, input kBtuh, hp, etc.)  
Describe Effect on Electricity Consumption: (Reduced or Added Load) R      A      DK 

 

    Decision Drivers Code     Decision Drivers Code 
   Audit Recommendation                              
   Reduce energy consumption 

A 
R     Changes in Facility Operations C 

    Save money on energy bill B      Codes and Standards Requirement S 
    Reduce peak load P      Non-Energy related decision N 
    Environmental Concern E      Other (describe in comments) OT 
    Facility Requirements Q   
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  Site ID # __________________ 
CSI Impact Evaluation Nonresidential Onsite Verification Survey Form LASTFORM, page __ of __ 
 

 

General Comments 

Item 
# Form Name Comments 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 

Site Photo Log 
Record site photo information here including the PhotoID (i.e. digital file name) and a brief description of the photo where 
needed.  Photo/file naming conventions is SiteID_Item# or SiteID 00# (e.g. PGE_056789_1.jpg,  PGE_056789 001.jpg).    
Item # Description/Comments/Measure Code (no data entry) 

1  
2  
3  
4  
5  
6  
7  
8  
9  
10  
11  
12  
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  Site ID # __________________ 
CSI Impact Evaluation Nonresidential Onsite Verification Survey Form LASTFORM, page __ of __ 
 

 

EE Measures-PV System Load Sizing Assessment 
These questions try to assess the extent that EE measures were considered and implemented in sizing the PV system. Be 
careful not to push or suggest ideas to the site owner, but instead let them explain why they made the decisions they did.  
EE measures may be more cost-effective than PV.  Were energy efficiency measures considered prior to PV install, 
after PV install, or not at all? 

 Considered EE prior to PV installation     
 Please select ONE of the following:     

 Considered EE after PV installation     
 Considered EE Before and After PV installation  
 Did not consider EE     
 Don’t Know 

If considered EE before PV: What role, if any, did the consideration of energy efficiency measures have on the sizing of 
the PV system? 

 
 
 
 
 
 
 

 
If installed measures: Why was the particular combination of EE measures installed? 

 
 
 
 
 
 
 

 
If considered EE but no measures: Why did you elect not

 
 to install any EE measures? 

 
 
 
 
 
 

 
If no consideration of EE: Why did you not

 
 consider EE measures? 
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  Site ID # __________________ 
CSI Impact Evaluation Nonresidential Onsite Verification Survey Form LASTFORM, page __ of __ 
 

 

EE Measures-PV System Load Sizing Assessment (Continued) 

Surveyor qualitative assessment of remaining EE potential for the site:

Select 

      

one
Note: Base this assessment on the top 2 or 3 largest energy end uses for the site (or building type).   

 of the following:     HIGH           MED-HI           MED            MED-LO           LOW          NONE 

As a rough guideline: 
High = Lots of potential, old equipment could be changed to newer Energy Star equipment, site & equipment run-

down, lots of T12 lighting, poorly lit, etc. 
None

 
 = Fairly new construction/renovation, mostly new equipment, T8 lighting, bright, etc.  

Below, base this assessment on the top 2 or 3 electric energy end uses for the site.  For example, restaurants would be 
Cooking, Lighting, then either HVAC and/or Water Heating.  Indicate the condition of the following end use equipment and 
use this to assess the EE potential.  Condition codes are:  N=New (2006+)   M=Mid-range (5-12 years old)   O=Older than 
12 years    NA = Not Present or not assesed 

End Use Equipment Condition 
HVAC N     M    O    NA 

Lighting N     M    O    NA 
Refrigeration N     M    O    NA 

Cooking N     M    O    NA 
Office N     M    O    NA 

Water Heating N     M    O    NA 
Motors N     M    O    NA 
Process N     M    O    NA 

Other (describe below) N     M    O    NA 
  
Comments/Explanation:  
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Site ID # _________________ 
CSI Impact Evaluation Onsite Verification Survey PV Form 

Rev Date 1/29/10   PV form Page 1 of 7 

PV System Inspection (rev 1/29/2010) 

PV Surveyor’s Initials  CSI Application #  
Sample Strata  Eval Phase  

 

A. System Information B. Other system information 
System Size (CEC PTC AC 
kW) 

 Installer  

System Size (Nameplate DC)  CSI Inspection result  
Incentive Type  CSI Inspection notes  
Program Type  
Host Customer type  

C. Special notes for site 
 

 

D1. PV Modules (check or enter correction under each pre-populated entry) 

Module 
Item # Manufacturer Model Quantity 

Tilt 
deg 

True-N = 0 
Azimuth 
(compass 
+15 deg) 

Tracking
/Fixed 

Soiling 
L  M  H  N 

Mounting 
Type 

Minimal 
shading

? 
Y   N 

          

Soiling: L= Light   M = Medium H = Heavy   N = No soiling 
Mounting Type Codes:  BI=BIPV or flush mount    Standoff:  S1=0-1” S3=1-3"  S6=3-6"   SX=more than 6" 

 

D2. Site conditions  
Record the observations in this table under relatively stable conditions of light. Avoid recording during passing cloud cover. 
Proceed to record inverter readings in Table E1 in quick succession or simultaneously. 
Ambient air temperature (deg F)  Sky Condition (clear, partly 

cloudy, overcast) 
 

Plane of Array Irradiance - Match up Module item # with the appropriate Inverter item #s wherever possible and evident 

Module item # 
Plane of array 

irradiance (W/m2) 

Shading on array at the 
time of observation 

Yes/No  

Associated Inverter item # 
(Enter inverter item #s from Tables E1 &E2 to match 

the Module item# in the row) 
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Site ID # _________________ 
CSI Impact Evaluation Onsite Verification Survey PV Form 

Rev Date 1/29/10   PV form Page 2 of 7 

Notes on PV modules (location, access, condition, maintenance, shading or any other observations about the 
modules that may be impacting performance of the system) 
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Site ID # _________________ 
CSI Impact Evaluation Onsite Verification Survey PV Form 

Rev Date 1/29/10   PV form Page 3 of 7 

 

E1. Inverters (check or enter correction under each pre-populated entry) 
    Instantaneous Display Readings   

Inverter 
item # Manufacturer Model Quantity 

Avg DC 
Voltage Total kW 

Lifetime 
kWh 

Time of 
reading 

(24 hr clock) 
        

AvgDC Voltage: Average DC voltage reading for multiple inverters Total kW: Add AC kW readings for multiple inverters  

Lifetime kWh: Add Lifetime kWh readings for multiple inverters  

 
Notes on Inverter (including location and environmental conditions of the inverters) 
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Site ID # _________________ 
CSI Impact Evaluation Onsite Verification Survey PV Form 

Rev Date 1/29/10   PV form Page 4 of 7 

 

E2. Inverter Readings Worksheet 
Use this table to record individual inverter readings for multiple inverters covered by a single Inverter Item # 

Inverter 
Item # 

Individual inverter number  
(Assign numbers starting from 1 for 

multiple inverters under each inverter 
item #) DC Voltage AC kW 

Lifetime kWh 
(record where 

available) Time of reading 
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Site ID # _________________ 
CSI Impact Evaluation Onsite Verification Survey PV Form 

Rev Date 1/29/10   PV form Page 5 of 7 

 

F. Monitoring and Performance Data  
Please interview the onsite contact to update information on performance monitoring and availability of PV performance data 
Does the site have any kind 
of monitoring service for PV 
data 

□ Yes 
□ No 

If Yes, then ask for the 
date monitoring was started  

PV data available to Itron  
If data not available to Itron, ask site contact if 
access to the data stream can be provided, if site is 
monitored 

□ Yes 
□ No 

Note or update 
Performance Monitoring 
Provider 

Provider company name 
fill in the company name if blank or 

correct if site contact provides a different name or enter "None" if no 
monitoring 

Contact name 

PMRS Provider  
(only relevant to EPBB Incentive type) 

  

PDP Provider  
(only relevant to PBI Incentive type) 

  

Type of display 
(Check all that apply) 

Metrics on the 
performance display 

unit 
(Check all that apply) 

Data visible only for 
current time and recent 

past (past couple of 
days or months) 

Data available and 
visible for all the time 
period since system 
monitoring started 

□ Inverter integrated display Instantaneous power kW □  
□ Separate performance meter Hourly kWh □ □ 
□ Website Daily kWh □ □ 
□ Kiosk / Stand alone device / in home display device Monthly kWh □ □ 
□ None Annual kWh □ □ 

 
G. PV System Outages 
Estimated PV Activation Date   PV activation date from utility 

interconnect tag on meter  
 

PV activation date from on site contact  

Question on-site contact about estimated outages in terms of weeks 

Year Weeks of outage Reason 
During 2007   
During 2008   
During 2009   
During 2010   
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Notes on customer expectation of system performance and experience with monitoring service, display and any 
repairs resulting from monitoring alerts. 
 

Notes on customer experience with utility interconnect process and Net Energy Metering bill. 

 

General notes about the PV system and site 
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H. Shading Observations 
Complete this form only if an array does not meet the minimal shading criteria, otherwise skip this form completely.  
Record only 1 array on a form, attach additional forms for each additional array which requires detailed shading observations.  
Module item # (use reference from section D)  
Array ID # (create a sub-number to identify the array if there are 
multiple arrays under a Module item#) 

 

Take snapshot of horizon using the SunEye/Solarpathfinder 
 at the major corners of the array if more than 4 obstructions 

□ Suneye  □ SolarPathFinder  □ None   

Take pictures to document the scene with the array and obstruction in 
sight 

□ 

Sketch Create a sketch of the system with the rough location of the obstructions. Please label and mark the obstructions and the points 
from which pictures were taken. Use the following labeling convention. Points on the Array 1, 2, 3,…… Obstructions A, B, C, D……. 
 

Shading Notes 
current and potential shading due to changing conditions, such 
as growing trees or upcoming development of high rise etc. 

Record obstructions only if 4 or fewer, else use instrument to capture 
skyline 
List of Obstructions 
 

Point of 
reference 
on array 

Obstruction 
Azimuth 

Dist from 
array (ft) 

Ht. above 
array (ft) 
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Appendix D 
 
Survey and Inspection Sample Design and Final 
Disposition 

 

D.1  Overview 

The 2009 Impact Evaluation of the CSI program leverages a number of data sources 

including seven distinct primary data collection efforts.  These include telephone survey 

instruments of participants and nonparticipants, interviews with contractors installing 

program equipment and on-site inspections.   

 

Primary Data Collection 

The participant telephone surveys were designed to gather energy efficiency (EE) adoptions 

and practices arising from the CSI program experience, with particular attention to attribution 

of EE actions to the EE requirements set forth in the program.  In addition, site visits are 

planned, designed to verify and supplement self-reported information collected through the 

surveys.   

 

Participants were recruited during the telephone survey to participate in the on-site inspection 

effort.  The purpose of the on-site inspection was primarily to examine the installed PV 

system, but energy efficiency data were collected at the site as well.  The PV system was 

examined for consistency with the PowerClerk systems regarding azimuth, tilt, mounting, 

and the quantity and type of modules and arrays.  EE measures recorded during the phone 

survey were inspected and key characteristics recorded.  The on-site engineer also 

investigated other changes at the site that would affect energy consumption, such as changes 

in facility operations or occupancy.  Finally, customers were interviewed regarding the role 

of EE investments in PV system sizing.   

 

Nonparticipant surveys were conducted to provide a comparison group for the participants.  

The contrast between participant and nonparticipant characteristics highlight the ways in 

which CSI participants differ from those not participating in the program.  Particular 

attention is paid to whether participants are more or less aware of EE opportunities, and the 

frequency with which they adopt energy-efficient measures and practices.   

 



2009 CSI Impact Evaluation 

 

D-2 Survey and Inspection Sample Design and Final Disposition 

Contractors play a key role in CSI program delivery, often assisting customers through the 

application process, including compliance with EE requirements.  Contractors are possibly 

best situated through this process to successfully recommend EE measures that can be timed 

in such a way to affect the sizing of the installed systems.  Program contractors also have a 

unique perspective on the CSI participant population and will have key input to 

understanding the way EE requirements and recommendations are understood by the 

customer, as well as when and why recommendations are implemented.  It was useful to have 

contractors describe the ways in which EE has typically been integrated into customer 

services and sales.    

 

There are fundamental differences between the residential and commercial sector in EE 

requirements, the supporting IOU EE audit tools and reports, and the typical appliance 

holdings and operations.  There are also differences in the sales practices, service offerings, 

and relevant experiences reported by PV contractors regarding EE and CSI participation. For 

this reason, data collection, analysis, and reporting will be generally delineated by the 

residential and nonresidential segments.  Generally, data collection and strategies in support 

of the broader CSI impact evaluation combine residential and small commercial, breaking 

out large commercial into a separate category.     

 

Over 1,000 telephone surveys were conducted with participants and another 1,000 with 

nonparticipating end users.  Fifty contractor telephone interviews were conducted, and 254 

on-site inspections were completed on participating sites.   Table D-1:  Summary of Primary 

Data Collection EffortsTable D-1 below summarizes the primary data collection efforts, as 

well as planned and actual completed surveys.    

 

Table D-1:  Summary of Primary Data Collection Efforts 

Market Sector 

Participation 

Status 

Data Collection 

Technique 

Planned 

Completes 

Actual 

Completes 

Nonresidential 
Participant 

Telephone Survey 400 420 

On-Site Inspection 114 114 

Nonparticipant Telephone Survey 400 447 

Residential 
Participant 

Telephone Survey 600 639 

On-Site Inspection 140 143 

Nonparticipant Telephone Survey 600 601 

Installers Participant Telephone Survey 50  50 
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D.2  Sample Design and Final Dispositions 

This section summarizes the sample designs underlying each of the five telephone surveys 

and the two on-site data collection efforts.  Each data collection effort is supported by a 

unique data collection instrument and a tailored sample design.   

 

Nonresidential Participant Telephone Survey 

This survey has a goal of 400 completed surveys, and a population of about 1,400.  To 

achieve this goal a successful completed  survey must be made with 1 in every 3.5 attempts.  

This is a high penetration rate, and it is unlikely that the survey effort would be successful 

with a ratio any smaller than that.  For this reason, a census approach was used for sampling.  

All participants were called and asked to participate in the survey.  Each participant had 

equal probability of being sampled, and the survey results are representative of the 

population and therefore require no weights.  Participants that were contacted to participate 

in the survey tended to be cooperative and supportive of the study.  The achieved number of 

surveys exceeded the goal by 20, for total nonresidential participant survey completes of 420.   

 

Nonresidential Nonparticipant Telephone Survey 

The objective of the nonresidential nonparticipant sample design was to create a well-

matched control group for comparison to the participant survey results.  To ensure 

comparability and to isolate the defining characteristics of program participants, the 

nonparticipants were selected to match the surveyed participants as closely as possible in as 

many important characteristics as was reasonably possible.  Program Administrator (PA) 

service territory, building type, and building climate zone were used as the primary sample 

stratification variables.  These characteristics were used to select and match nonparticipants 

to the surveyed participant dataset.   
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In developing building type categories, Itron utilized four-digit NAICS codes to map 

customer sites to the 10 sampling building types and four analysis building types shown 

below in Table D-2.  The sample was pulled based on the sampling business type and then 

grouped into the four analysis business types for reporting.   

 

Table D-2:  Business Type Stratification 

Analysis Business Type Sampling Business Type 

Non-Profit/Government Non-Profit/Government 

Schools School 

Industrial/Agriculture 
Agriculture 

Industrial Process/Manufacturing 

Other 

Office/Services 

Warehouse/Storage 

Retail 

Health Care 

Transportation and Utilities 

Other 
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The California Energy Commission‟s (CEC) California Building Climate Zone Map1 was 

used to generate the climate zone variables shown in Table D-3.  The CEC climate zones 

were used for the sample strata, and the sample was drawn and quotas set to match the 

participant distribution.  However, to simplify the presentation of results for the report, these 

were reduced to two “analysis climate zones”: Coastal and Inland.  

 

Table D-3:  Climate Zone Stratification 

Sampling 

Climate 

Zone 

Representative 

Climate City 

Analysis 

Climate 

Zone 

1 Arcata Coastal 

2 Santa Rosa Coastal 

3 Oakland Coastal 

4 Sunnyvale Coastal 

5 Santa Maria Coastal 

6 Los Angeles Coastal 

7 San Diego Coastal 

8 El Toro Inland 

9 Pasadena Inland 

10 Riverside Inland 

11 Red Bluff Inland 

12 Sacramento Inland 

13 Fresno Inland 

14 China Lake Inland 

15 El Centro Inland 

16 Mount Shasta Inland 

 

Nonresidential customers that had not installed a PV panel at the time of the interview were 

eligible to be part of the nonparticipant telephone survey sample.  However, to ensure 

comparability to the participant sample, special care was used to find customers with similar 

characteristics.  In order to sample customers operating in similar business environments, 

only zip codes found in the participant survey completes were included in the nonparticipant 

sample.  These zip codes were then rolled up into climate zones for stratification.  The 

nonparticipant sample was designed to match the participant survey sample by the combined 

distribution of PA service territory, climate zone, and business type.  Table D-4 below 

summarizes the distribution of the participant survey completes and consequently the 

nonparticipant sample design.  

 

                                                 
1   http://www.energy.ca.gov/maps/building_climate_zones.html .  The list of climate zones by zip code was 

used. 

http://www.energy.ca.gov/maps/building_climate_zones.html
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Table D-4:  Nonresidential Participant Telephone Survey Completes 

Utility 

Climate 

Zone 

Business Type  

Total 

(N=420) 

Non-Profit 

/Gov't Schools 

Industrial 

/Ag Other 

  Coastal 7% 5% 15% 22% 49% 

PG&E Inland 1% 2% 11% 10% 24% 

  Total 8% 7% 26% 31% 73% 

  Coastal 1% 1% 1% 3% 6% 

SCE Inland 2% 1% 2% 10% 14% 

  Total 3% 2% 2% 13% 20% 

  Coastal 0% 0% 1% 4% 5% 

CCSE Inland 0% 0% 0% 1% 2% 

  Total 0% 0% 1% 5% 7% 

  Coastal 8% 6% 17% 29% 60% 

Total Inland 4% 3% 13% 20% 40% 

  Total 12% 10% 30% 49% 100% 

 

Steps were taken to ensure that the business type distribution of the nonparticipant sample 

was accurately matched to the participant distribution.  As discussed above, the business type 

reported by respondents in the participant survey was used to set the objectives for the 

nonparticipant design.  Sample was loaded to match as closely as possible this business type 

distribution using NAICS codes.  Further, during the interview process nonparticipant 

respondents were asked to verify their business type.  This approach provided a matched 

method for classifying participants and nonparticipants into the same set of analysis business 

types.   
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Table D-5 below presents the final sample disposition from the nonresidential nonparticipant 

survey.  

 

Table D-5:  Nonresidential Nonparticipant Telephone Survey Sample Final 
Disposition 

Utility 

Climate 

Zone 

Business Type 

Total 

(N=447) 

Non-Profit 

/Gov't Schools 

Industrial 

/Ag Other 

  Coastal 4% 3% 10% 34% 50% 

PG&E Inland 2% 1% 7% 16% 26% 

  Total 5% 4% 17% 50% 76% 

  Coastal 1% 1% 1% 3% 6% 

SCE Inland 2% 1% 1% 7% 11% 

  Total 4% 1% 2% 10% 17% 

  Coastal 2% 0% 0% 3% 5% 

CCSE Inland 0% 0% 0% 0% 2% 

  Total 2% 0% 1% 3% 7% 

  Coastal 7% 4% 11% 40% 62% 

Total Inland 4% 2% 9% 23% 38% 

  Total 11% 5% 20% 64% 100% 

 

To adjust for discrepancies between the nonparticipant sample design and the distribution of 

achieved completes, weights were applied in analysis.  Weights were constructed as the ratio 

of the quota for the sample strata to the achieved number of completes.   

 

Residential Participant Telephone Survey 

Six hundred completes were planned for the residential participant survey.  The population 

was stratified by PA, coastal versus inland climate zone, incentive type, and meter data 

presence.  PA, incentive type, and climate zone were selected as stratification variables 

because they relate directly to either the program delivery, typical appliance holdings, or 

usage patterns.  The presence of metered data was chosen as a stratification variable to allow 

for the oversampling of sites with metered data while avoiding any potential for sampling 

bias related to the characteristics of metered sites.  Over-sampling of metered sites was done 

because the metered data support a greater breadth of downstream analysis opportunities, 

including billing analysis which is  part of the scope of this evaluation.   
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The population distribution across each combination of these variables is shown in Table D-6 

below.  Quotas were set to be fairly consistent as a portion of the population, but to select a 

higher proportion of the metered population, and a slightly higher proportion of the southern 

California PAs, SCE and CCSE.  The latter was done to ensure a more even representative 

across the service territories.  

 

Quotas for metered strata were set as follows: 

 

 PG&E:  quota is set at the maximum of 10 or 5.9 percent of population 

 SCE/CCSE:  quota is set at the maximum of 10 or 8.9 percent of population2  

 

Quotas for non-metered sites were set as follows: 

 

 PG&E:  take the maximum of 10 or 1.5 percent 

 SCE/CCSE:  take the maximum of 10 or 2.6 percent 

 

This approach results in a quota of 201 completes for metered sites, and 399 for non-metered 

sites.  The metered strata quotas were set at 106 for PG&E, 55 for SCE, and 40 for CCSE.  

Non-metered strata quotas were set at 193 for PG&E, 134 for SCE, and 40 for CCSE.  The 

totals by PA service territory are 299 for PG&E, 189 for SCE, and 112 for CCSE.  This 

translates into 50 percent PG&E, 32 percent SCE, and 19 percent CCSE.  The population 

percent distribution is 62 percent PG&E, 25 percent SCE, and 13 percent CCSE.   

 

Although the majority of the EPBB metered sites are associated with the installer Solar City, 

we chose not to introduce installer as another stratification variable in the design.  The 

metered sites receive a weight that reflects their relative preponderance in the population of 

participants, and this should address any oversampling issues.  There are 400 non-metered 

sites in the survey sample, which suffices for representing other installers and the general 

participant population.   

 

                                                 
2 One cell has only 7 members, and the quota is set at 4. 
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Table D-6 below displays the sampling strata, the population distribution, the design quota, 

and the actual survey completes. 

 

Table D-6:  Residential Participant Sample Design and Final Disposition 

Program 

Administrato

r Region 

Incentive 

Type 

Metered 

Data 

Availability 

Percent of 

Population Population Quota 

Actua

l 

PG&E 

Coastal 
EPBB 

Unlikely 31.6% 7,340 110 113 

Likely 4.2% 979 58 64 

FiveYearPBI Likely 0.1% 24 10 10 

Inland 
EPBB 

Unlikely 24.0% 5,559 83 83 

Likely 2.1% 480 28 28 

FiveYearPBI Likely 0.3% 71 10 10 

SCE 

Coastal 
EPBB 

Unlikely 5.3% 1,223 32 35 

Likely 0.7% 168 15 17 

FiveYearPBI Likely 0.0% 7 4 3 

Inland 
EPBB 

Unlikely 17.0% 3,936 102 106 

Likely 1.1% 263 23 27 

FiveYearPBI Likely 0.6% 149 13 17 

CCSE 

Coastal 
EPBB 

Unlikely 6.9% 1,602 42 45 

Likely 0.4% 97 10 14 

FiveYearPBI Likely 0.2% 44 10 11 

Inland 
EPBB 

Unlikely 5.0% 1,157 30 34 

Likely 0.4% 82 10 12 

FiveYearPBI Likely 0.1% 28 10 10 

Total 100.0% 23,209 600 639 

 

Weights are used to aggregate and report the results of the residential participant survey.  

Analysis weights are assigned for each of the sample strata shown above and are constructed 

as the ratio of the population size to the number of survey completes within the strata. 

 

Residential Nonparticipant Survey 

The objective of the residential nonparticipant sample design was to create a well-matched 

control group for comparison to the participant survey.  To ensure comparability and to 

isolate the defining characteristics of program participants, nonparticipants were selected to 

match the surveyed participants as closely as possible in as many important characteristics as 

was reasonable.  Home square footage, the presence of a pool or spa, and climate zone are 

used as the primary sample stratification variables with which to select and match 

nonparticipants to the surveyed participant dataset.  Home square footage and the presence of 

pool or spa are good proxies for both income and energy use intensity.  For the purposes of 
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creating sampling quotas, home square footage was broken into three groups:  less than 2,001 

square feet, 2,001 to 3,000 square feet, and greater than 3,000 square feet.   

 

The CEC California Building Climate Zone Map was used to generate the climate zone 

variables shown in Table D-7.  The CEC climate zones were used for the sample strata, and 

the sample was drawn and quotas set to match the participant distribution.  However, to 

simplify the presentation of results for the report, these were reduced to two “analysis climate 

zones”: Coastal and Inland. 

 

Table D-7:  Climate Zone Stratification 

Sampling 

Climate 

Zone 

Representative 

Climate City 

Analysis 

Climate 

Zone 

1 Arcata Coastal 

2 Santa Rosa Coastal 

3 Oakland Coastal 

4 Sunnyvale Coastal 

5 Santa Maria Coastal 

6 Los Angeles Coastal 

7 San Diego Coastal 

8 El Toro Inland 

9 Pasadena Inland 

10 Riverside Inland 

11 Red Bluff Inland 

12 Sacramento Inland 

13 Fresno Inland 

14 China Lake Inland 

15 El Centro Inland 

16 Mount Shasta Inland 

 

Residential customers without PV panels installed on their home were eligible to be part of 

the nonparticipant sample.  To ensure comparability to the participant sample, special care 

was used to find customers with similar characteristics.  First, only zip codes found in the 

participant survey completes were pulled for the nonparticipant sample.  These zip codes 

were then rolled up into climate zones for stratification.  A profile of the distribution of 

participant home square footage and the presence of pools or spas was developed with the aid 

of participant telephone survey data.  These data were collected over the phone during the 

survey from nonparticipants and used to track and fill appropriate quotas.  The design 

ensured that the nonparticipant sample matched to the participants by PA service territory, 

Building climate zone (16 categories), home square footage, and pool or spa holdings.   
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Table D-8 below summarizes the participant distribution as determined through the 

participant phone survey.  These characteristics were mimicked as closely as possible within 

the nonparticipant telephone survey sample.   

 

Table D-8:  Population Weighted Distribution of Participant Survey Completes 

Pool or Spa Square Footage 

Climate Zone 

(N=639) 

Coastal Inland 

  Less than 2,001 16% 9% 

No 2,001 to 3,000 11% 11% 

  Greater than 3,000 2% 3% 

  Less than 2,001 7% 6% 

Yes 2,001 to 3,000 8% 13% 

  Greater than 3,000 5% 8% 

 

The residential nonparticipant sample final disposition is shown in Table D-9 below. 

 

Table D-9:  Distribution of Residential Nonparticipant Telephone Survey 
Sample 

Pool or Spa Square Footage 

Climate Zone 

(N=601) 

Coastal Inland 

  Less than 2,001 18% 9% 

No 2,001 to 3,000 12% 11% 

  Greater than 3,000 3% 2% 

  Less than 2,001 8% 6% 

Yes 2,001 to 3,000 10% 11% 

  Greater than 3,000 4% 4% 

 

The nonparticipant sample final disposition is slightly different from the designed quotas.  To 

adjust for this difference, weights are applied to the nonparticipant survey completes for 

analysis and reporting.  For each sampling strata, defined by PA service territory, climate 

zone, square footage and pool/spa holdings, the weight is calculated as the ratio of the sample 

quota to the survey completes. 

 

Nonresidential On-Site Inspection 

The objective for the nonresidential on-site inspection effort was to visit 114 sites.   

Telephone survey respondents were asked if they were willing to be part of the on-site 
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inspection effort.  Most respondents were amenable to the idea, with 312 out of the 420 

telephone survey respondents willing to participate.   

 

One of the objectives of the on-site inspection effort was to understand why PV performance 

might be higher or lower than expected, based on system size and location.  Sites with 

performance data that indicated a substantial deviation from expected performance were 

flagged and given priority for the on-site inspection effort.  These sites are shown below in 

the last row labeled “High or Low PV Performance”.  The remaining sample was segmented 

by PA, the presence of PV metered data, system size, and climate zone.  The climate zone 

segmentation was collapsed where the data were too thin to support this level of delineation.   

Quotas were set within the limits set by the number of available recruits, with an eye to 

balancing the sample by the stratification variables and emphasizing sites with metered data, 

particularly the sites with high or low PV performance.  

 

Table D-10 below shows the population size, the number of recruits from the phone survey 

and the quota for the on-sites.  The on-site inspection effort was successful in meeting the 

quotas exactly, so the completes and quotas are shown in the same cell. 

 

Table D-10:  Nonresidential On-Site Inspection Sample Design 

PA 

Meter 

Data System Size 

Climate 

Zone Pop 

Recruits from 

Tel Survey 

Quota / 

Completes 

PG&E 

Yes 

Less than 10 kW All 20 2 2 

10-100 kW 
Inland 37 8 5 

Coastal 58 19 8 

Greater than 100 kW 
Inland 77 18 7 

Coastal 108 22 8 

No 

Less than 10 kW 
Inland 104 24 7 

Coastal 202 46 8 

10-100 kW 
Inland 74 15 4 

Coastal 170 58 5 

Greater than 100 kW All 19 5 2 

SCE 

Yes 

Less than 10 kW All 7 3 3 

10-100 kW All 39 10 7 

Greater than 100 kW All 117 13 9 

No 
Less than 10 kW All 100 16 9 

Greater than 10 kW All 94 23 5 

CCSE 

Yes All All 48 8 8 

No 
Less than 10 kW 

Inland 11 4 3 

Coastal 29 5 3 

Greater than 10 kW All 40 5 3 

High or Low PV Performance 47 8 8 
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As described above, for the on-site inspection effort sites were grouped into strata and 

sampled at different rates.  For this reason, weights are applied on on-site inspection results 

which adjust for differences in strata population sizes relative to the number of completed on-

site inspections.  Weights are constructed as the ratio of the population size to the number of 

on-site inspection completes within each strata. 

 

Residential On-Site Inspection 

The objective number of on-site inspections for the residential segment was set at 140 sites.   

All 639 residential participants that responded to the telephone survey were asked if they 

would be willing to participate in the on-site inspection effort.  Of the 639 respondents 

queried, 449 were willing to participate.   

 

One of the objectives of the on-site inspection effort was to understand why PV performance 

might be higher or lower than expected given the system size and location.  Sites with 

performance data exhibiting a substantial deviation from expected performance were flagged 

and given high priority for the on-site inspection effort.  These sites are shown below in the 

last row labeled “High or Low PV Performance”.  The remaining sample was segmented by a 

number of key characteristics:  PA, the presence of PV metered data, system size, incentive 

type, and climate zone.  To keep the stratification from being too fine, climate zone 

differentiation was preserved only where the data were substantial enough to support 

stratification.  Also, segmentation was done by system size or incentive type, but not both3.  

Incentive type was only an issue for the metered data groupings, since PBI customers are all 

metered.  For the metered data groups, the selection between system size and incentive type 

depended on the particular distribution within PA service territory, as detailed below.   

  

Within the PG&E metered data sites, there are very few large systems (~1.6 percent) and 

only one site was recruited through the telephone survey.  Thus, within PG&E territory, the 

metered systems were stratified by incentive type rather than system size. 

 

Within the SCE service territory there were also a relatively minor population of large 

systems within the metered data group (~4.0 percent) and three telephone survey recruits.  

Further, in SCE territory all of the metered large systems were PBI.  For these reasons, 

incentive type was selected for stratification rather than system size.    

 

Within CCSE territory, there were also a relatively minor population of large systems (~4.0 

percent) and four telephone survey recruits.  However, the large systems were evenly 

distributed across EPBB and PBI incentive types.  Without a dedicated quota cell, it was 

                                                 
3  Both system size and incentive type are important differentiating features of the residential participant 

population.  Considering both options in the stratification allowed for the all important sub-groups, while 

categorizing similar sites together to minimize variance within a cell. 



2009 CSI Impact Evaluation 

 

D-14 Survey and Inspection Sample Design and Final Disposition 

unlikely that any large systems would have been selected for inspection.  For this reason, 

system size was selected for stratification of metered sites within CCSE territory. 

 

The climate zone segmentation was collapsed where the data were too thin to support the 

additional delineation.  Quotas were set within the limits of the recruits, with an eye to 

balancing the sample by the stratification variables and emphasizing sites with metered data, 

particularly the sites with high or low PV performance.  

 

Table D-11 below shows the population size, the number of recruits from the phone survey, 

the quota for the on-sites, and the number of completed inspections.  The on-site inspection 

effort exceeded the quota by one or two points in several cells and fell short of the quota by 

one point in one cell. 

 

Table D-11:  Residential On-Site Inspection Sample Design and Final 
Disposition  

PA 

Metered 

Data 

System 

Size 

Incentive 

Type 

Climate 

Zone Pop. 

Recruits 

from Tel 

Survey Quota Completes 

PG&E 

Yes 

All PBI All 68 10 6 6 

All EPBB Coastal 921 47 18 19 

All EPBB Inland 469 19 13 13 

No 

Large All All 594 3 2 2 

Small All Coastal 7,301 71 13 15 

Small All Inland 5,304 55 13 13 

SCE 

Yes 

All PBI All 145 11 8 8 

All EPBB Coastal 161 15 8 9 

All EPBB Inland 244 24 9 9 

No 

Large All Inland 216 5 3 3 

Small All Inland 3,902 71 8 8 

All All Coastal 1,225 22 4 4 

CCSE 

Yes 

Large All All 9 4 2 2 

Small All Coastal 136 15 7 7 

Small All Inland 108 16 7 7 

No 

All All Coastal 1,511 31 6 6 

All All Inland 1,114 22 5 5 

Hi and Low PV Performer 96 8 8 7 

 

As described above, for the on-site inspection effort sites were grouped into strata and 

sampled at different rates.  For this reason, weights are applied on on-site inspection results 

that adjust for differences in strata population sizes relative to the number of completed on-

site inspections.  Weights are constructed as the ratio of the population size to the number of 

on-site inspection completes within each strata. 
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Contractor Telephone Survey 

The installation contractor telephone interview sample size was set at a goal of 50.  There are 

about 1,400 contractors that installed CSI-incented PV systems in California throughout the 

2007-2009 period.  However, the market is relatively concentrated.  When ranked by total 

installed capacity, the top 10 installers account for 55 percent of the total program installed 

capacity.  Similarly, when ranked by number of jobs, the top 10 installers account for about 

40 percent of all CSI installations over this period.  Given this concentration, a sample of 50 

installation contractors was reasonably expected to support a good understanding of installer 

perspectives on the CSI program.   

 

The intent behind the installation contractor sample design was to focus the interviews on the 

high volume installers, while also reaching out to the general population of installers for their 

perspectives on the program and the solar marketplace.  In addition, residential and non-

residential markets have different business trends, needs and concerns.  For this reason, care 

was taken to distinguish installers by their average job size, which is a reasonable proxy for a 

concentration in either the nonresidential or residential segment. 

 

To meet these objectives, the installation contractor sample frame was divided into four 

groups:  

 

 High volume installer with average job size less than 10 kW 

 High volume installer with average job size more than 10 kW 

 General installer with average job size less than 10 kW 

 General installer with average job size more than 10 kW 

 

To identify “high volume installers”, a combination of installed capacity and number of jobs 

were used.  First, installation contractors were ranked by total installed capacity.  Names 

from the list were eliminated starting with the lowest volume installer until the remaining list 

represented 70 percent of total program installed capacity.  This exercise yielded 23 

contractor names.  Next, the exercise was repeated, but this time the contractors were ranked 

by the number of jobs instead of installed capacity.  This second exercise yielded 63 names.  

In total, there were 74 unique contractor names across these two lists.  These 74 installation 

contractors comprise the “high volume installer” sample frame.  In total, the high volume 

installer sample frame represents 80 percent of installed capacity and 71 percent of total 

installation jobs.   

 

The „high volume‟ installer sample frame was further delineated by average job size.  

Twenty of the 74 have an average job size greater than 10 kW and 54 have an average job 

size of less than 10 kW.  
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After removing the high volume installers from the frame, there were 1,354 “general 

installers” remaining.  The set of general installers with contact information was divided into 

two groups by average installation size for the purposes of sampling4.  General installers 

represent 20 percent of installed capacity and 29 percent of total jobs.  Summary statistics 

including population frame size, relative market share, quotas and completes are shown in 

Table D-12 below. 

 

Table D-12:  Contractor Telephone Survey Sample Design and Final 
Disposition 

Market Share 

Category 

Average  

Installation Size Population 

Percent 

of Total 

Installed 

Capacity 

Percen

t of 

Total 

Jobs Quota Completes 

High Volume 

Installers 

Greater than 10 kW 20 55% 9% 10 9 

Less than 10 kW 54 24% 62% 25 26 

General Installers 
Greater than 10 kW 206 11% 4% 5 4 

Less than 10 kW 1148 9% 25% 10 11 

 

 

                                                 
4  Most of the general installers had missing contact information (1,004 out of 1,354).  However, key statistics 

such as average job size, installed capacity and PA service territory distributions were similar across the 

whole frame and the subset with contact information.  Given the similarity in distributions, minimal bias 

was expected as a result of this sampling approach. 
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Appendix E 
 
Methodologies 

 
The data sources for the Impact Evaluation Report were described in Section 3.  Program 
impact estimates and the uncertainty in those estimates were presented in Section 5.  This 
appendix describes data analysis methodology, including the bases of the impact estimates 
and uncertainty characterizations.   
 
 
E.1  Data Processing Methods 
This section discusses the data processing and validation methodology for photovoltaic (PV) 
systems. 
 
To process raw PV data received from data providers, a SAS code template has been 
developed which reads, processes, and validates data, and outputs suspect data.  When 
necessary, the code adjusts for daylight savings time, accounts for inverter losses, and 
corrects a data stream which contains more than one site, as well as many other site-specific 
and data provider-specific issues.  Validation of PV data utilizes irradiance, temperature, and 
rainfall data downloaded from the California Irrigation Management Information System 
(CIMIS).  Each PV site is assigned a nearby CIMIS site.  Data are flagged as suspect when 
there is low daily output, low hourly output, high daily output, or high hourly output 
compared to the available irradiation.  The suspect data are reviewed internally and either 
validated or invalidated.  An example of a suspect case that can be validated internally is a 
bad weather event that results in low daily output.  An example of a suspect case that can be 
invalidated internally is consistently high daily output that greatly exceeds the system 
capacity.   
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E-2 Methodologies 

E.2  Estimating Impacts of Unmetered Systems 
Data from metered systems were used to estimate impacts for unmetered systems.  In most 
cases, the metered data were for the exact same hour of the year and from systems nearby 
with a similar characteristics; these like systems were grouped within the same strata.   
 
By limiting the metered data used to those with the same CSI Program Administrator (PA), 
factors that can influence operational performance were better matched between the metered 
and unmetered systems.  These PA-related factors included local economic climate, available 
tariffs, and, to some degree, the local meteorological climate.  Additional system similarities 
included technology details that can influence power output.  These system details included a 
module configuration category (flat, tilted, or tracking), a locale category (coastal or inland), 
an output capacity class of large commercial versus residential and small commercial (small 
commercial defined as less than 10 kW), and incentive type (EPBB vs. PBI.)   
 
All estimated hourly impacts were based on no fewer than two metered observations of 
similar systems, often in the same strata.  For some unmetered systems, there were hours 
with fewer than two metered observations within the same strata.  To estimate impacts for 
these, metered data from other strata were included until there were at least two metered 
observations for the same hour.  For example, metered data from SCE, flat, coastal, Large 
Commercial, PBI systems could be used to estimate impacts for similar systems at the same 
hour for unmetered SCE, flat, coastal, Large Commercial, EPBB systems when too few 
metered observations existed from EPBB systems alone.  If there still were fewer than two 
metered observations, then data from SCE, flat, coastal, Residential, and Small Commercial 
systems were allowed to be used.  This less precise method of estimating impacts using 
metered data aggregated over multiple strata was necessary for less than 1.1 percent of the 
estimated impact by MWh.    
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A ratio representing average power output per unit of rebated system capacity was calculated 
using at least two metered observations for each system hour needing an impact estimate.  
The product of this ratio and the system’s rebated capacity was the system’s estimated hourly 
average power output.  Estimates of power output were calculated as: 
 

( )
Meteredisdh

isdh
sdhsdh C

ENGO
CaOGEN ⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
×=

∑
∑ˆ  

Where: 

sdhENGO
∧

 = Predicted net generator output for alls projects in strata1 s on date d during 
hour h 

Units: kWh 
Source: Calculated 

sdhCa  = Capacity for all projects in strata s 
Units: kW 
Source: PowerClerk Database 

isdhC  = Capacity for each metered projects in strata s 
Units: kW 
Source: PowerClerk Database 

isdhENGO  = Metered net generator output for each project in strata s on date d during hour 
h 

Units: kWh 
Source: Net Generator Output Meters 

 

                                                 
1  Strata are always defined by like systems in the same area for the same hour.   
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E-4 Methodologies 

E.3  Assessing Uncertainty of Impacts Estimates 
Metered data available for a subset of PV systems were used in a ratio analysis to estimate 
impacts of unmetered systems as described above.  Due to sampling error the calculated 
impacts totals will be subject to some uncertainty.  The magnitude of this uncertainty was 
estimated to enable actual performance and expected performance to be compared. 
 
The variance of the ratio estimator is calculated for each strata, day, and hour as: 
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Where: 
2
sdhs&  = The variance of the ratio estimator in strata s on date d during hour h 

Units: kWh 
Source: Calculated 

sdhn  = The number of metered systems in strata s on date d during hour h 
 
The variance of the estimate of total impacts is approximated as: 
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Where: 
2

sdhC  = The square of the average capacity for metered systems in strata s on date d 
during hour h 

Units: kW 
Source: PowerClerk 

 
The standard error of the estimate of total impacts is: 

2
sdhsdh sSE =  

 
The error bound for an approximate 90 percent confidence interval for the estimate of total 
impacts is: 

sdhnsdh SEtEB
sdh

=  
 
An approximate 90 percent confidence interval for the estimate of total impacts is: 

sdhsdh EB±τ̂  
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The ratio analysis was conducted at the hourly level for individual strata.  In numerous 
instances, these hourly results were combined to calculate values of other performance 
metrics.  In some cases, results for individual strata were aggregated (e.g., total impacts for 
particular PAs for individual hours).  In other cases, summary results were calculated for 
combinations of hours (e.g., all of 2009).  Use of uncertainty analysis results for individual 
hours to estimate uncertainty in summary results is described below. 
 
Error Bound for Totals Calculated across Hours 

Confidence intervals for individual-hour power output results were described above.  Total 
annual energy production—the sum of hourly power output values—is another critical 
performance parameter.  Estimation of confidence intervals for energy production is 
complicated by the fact that performance of metered systems from hour-to-hour is correlated.  
The calculation of variance for the sum of the correlated variables must account for this 
correlation.  The general relationship between covariance and total variance is illustrated 
below: 
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Metered data sets available for PBI and large PV systems were sufficiently complete to 
support direct implementation of the above relationship.  The methodology whereby 
estimated variance for energy production was translated into error bounds mirrored the 
approach described above for hourly impacts. 
 
Error Bound for Totals Calculated across Strata 

Calculation of total impacts estimates requires summing impacts for individual strata.  The 
sampling errors influencing estimated impacts calculated for different strata are assumed to 
be mutually independent of each other.  For some strata, the metered sample will result in 
overestimation of impacts; for others underestimation.  In cases such as this, where the errors 
being combined are mutually independent of each other and free of bias, the error bound 
associated with the estimated total is calculated as the square root of the sum of the squared 
error bounds of each of the strata: 
 

∑= 2
sEBEB  
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Appendix F 
 
Estimated PV Impact Factors vs. Key Distribution 
Feeder Characteristics 
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Table F-1:  Estimated PV Impact Factors vs. Key Distribution Feeder Characteristics 

Climate Zone Customer Mix Length Time of Peak Factors 

Inland Coastal Residential Commercial 

Long 

(60+ mi) 

Medium 

(20-60 

mi) 

Short (0-

20 mi) Mid Day 

Early/Late 

Day 

Peak 

Reduction 

Factor 

Energy 

Reduction 

Factor 

Loss 

Reduction 

Factor 

  ●   ●     ●   ● 0.019 0.197 0.0012 

  ●   ●     ● ●   0.463 0.197 0.0012 

  ●   ●   ●     ● 0.019 0.197 0.0028 

  ●   ●   ●   ●   0.463 0.197 0.0028 

  ●   ● ●       ● 0.019 0.197 0.0032 

  ●   ● ●     ●   0.463 0.197 0.0032 

  ● ●       ●   ● 0.019 0.197 0.0033 

  ● ●       ● ●   0.463 0.197 0.0033 

  ● ●     ●     ● 0.019 0.197 0.0049 

  ● ●     ●   ●   0.463 0.197 0.0049 

  ● ●   ●       ● 0.019 0.197 0.0055 

  ● ●   ●     ●   0.463 0.197 0.0055 

●     ●     ●   ● 0.093 0.212 0.0012 

●     ●     ● ●   0.574 0.212 0.0012 

●     ●   ●     ● 0.093 0.212 0.0028 

●     ●   ●   ●   0.574 0.212 0.0028 

●     ● ●       ● 0.093 0.212 0.0032 

●     ● ●     ●   0.574 0.212 0.0032 

●   ●       ●   ● 0.093 0.212 0.0033 

●   ●       ● ●   0.574 0.212 0.0033 

●   ●     ●     ● 0.093 0.212 0.0049 

●   ●     ●   ●   0.574 0.212 0.0049 

●   ●   ●       ● 0.093 0.212 0.0055 

●   ●   ●     ●   0.574 0.212 0.0055 

Note:  Feeder length includes both the main trunk line, plus all lateral branches fed from the trunk line, regardless of the number of phases. 
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Appendix G 
 
Feeder Modeling, Sample Size, and Selection 

 

G.1  Feeder Modeling Tools and Methodology 

For this analysis, the evaluation team used the OpenDSS simulation tool developed under 

contract from EPRI and subsequently made available as an open source tool.  OpenDSS is a 

general-purpose power system software package that has special distribution models and 

performs many types of analysis related to planning and power quality.  OpenDSS is 

designed to perform a distribution system-style power flow analysis in which the bulk power 

system is typically the dominant source of energy. 

 

OpenDSS executes in numerous solution modes including the standard single Snapshot 

mode, Daily mode, Dutycycle Mode, and other modes where the load varies as a function of 

time.  The timeframe for study can be any arbitrary time period.  Commonly, for planning 

purposes it is a 24-hour day, a month, or a year. 

 

The feeder modeling data obtained from the utilities for the 2009 CSI impact analysis was 

imported into OpenDSS to create an equivalent circuit model of each distribution feeder.  A 

time of day load profile was also obtained from each utility’s historical 2009 SCADA data 

for each feeder and imported into the model.  Voltage control equipment on the feeder (e.g., 

voltage regulators and switched shunt capacitors) and their control characteristics were also 

modeled.  This enables the model to include the impact of daily load and PV generation 

variation on regulator tap positions and capacitor switch states. 

 

The following power flow scenarios were set up and analyzed as part of this PV Impact 

study: 

 

 Peak Load condition with and without PV Generation 

 24-hour simulations (Peak Day) with and without PV Generation 

 8,760-hour simulation with and without PV Generation 

 

The power flow results were used to check for voltage and / or thermal violations that could 

result from the interconnection of the PV sites.  Voltage deviations should not fall outside the 

ANSI A Range (±5 percent) during normal conditions.  Impact on voltage regulator and 

capacitor control under normal PV operating conditions was also noted. 
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G.2  Feeder Sampling and Selection  

The utilities that took part in this study supplied the project team with detailed feeder data 

that covered a range of characteristics.  Out of the total statewide pool of feeders with PV 

installations, a total of 52 circuits were selected by the utilities as a representative cross-

section of the statewide feeder population.  From this group, feeders with similar 

characteristics were then grouped into specific categories or “bins” in order to facilitate the 

process of correlating PV impacts to feeder traits.  After further review of key characteristics, 

a subset of 23 feeders was selected for use as case studies.  These 23 feeders were modeled in 

detail and used for analysis purposes.  The key characteristics of these feeders are shown in 

the following tables.  Fictitious feeder numbers have been assigned by the project team in 

order to conceal the identity of the actual feeders and the respective utilities.  

 

Table G-1:  Feeder Characteristics (Part 1) 

Feeder 

Voltage 

Class 

(kV) 

Total Feeder Length 

(mi) 

Length 

Bins 

Customer 

Mix 

Climate 

Zone 

1 12 29.4 Medium Residential Inland 

2 12 25.0 Medium Commercial Inland 

3 12 43.6 Medium Commercial Inland 

4 12 2.0 Short Commercial Inland 

5 12 4.3 Short Residential Inland 

6 12 91.8 Long Residential Coastal 

7 12 178.3 Long Residential Inland 

8 21 93.4 Long Commercial Inland 

9 16 4.3 Short Commercial Coastal 

10 12 10.4 Short Commercial Inland 

11 12 23.6 Medium Residential Inland 

12 12 25.1 Medium Commercial Inland 

13 16 14.7 Short Commercial Coastal 

14 12 35.8 Medium Commercial Inland 

15 16 54.0 Medium Residential Coastal 

16 12 94.9 Long Residential Coastal 

17 16 58.0 Medium Residential Coastal 

18 12 147.8 Long Residential Coastal 

19 33 32.3 Medium Commercial Inland 

20 12 75.5 Long Residential Inland 

21 12 17.9 Short Commercial Coastal 

22 16 52.8 Medium Residential Coastal 

23 12 51.2 Medium Commercial Inland 
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Table G-2:  Feeder Characteristics (Part 2) 

  Customers (n) Percent by Demand   

Feeder R C I Other Total R C I Other Peak Demand (kW) 

1 1,818 148 0 0 1,966 65% 35% 0% 0% 10,005 

2 1,984 241 1 0 2,226 42% 42% 16% 0% 10,171 

3 400 93 2 0 495 24% 55% 21% 0% 3,994 

4 0 1 2 0 3 0% 33% 66% 0% 4,514 

5 943 181 0 0 1,124 77% 23% 0% 0% 5,408 

6 1,745 209 12 6 1,972 64% 28% 7% 1% 3,441 

7 1,350 201 17 111 1,679 68% 15% 12% 6% 6,917 

8 1,346 400 282 6 2,034 24% 15% 61% 0% 20,200 

9 0 20 9 0 29 0% 63% 37% 0% 10,420 

10 3 235 126 4 368 0% 9% 91% 0% 9,720 

11 1,591 51 7 2 1,651 94% 4% 2% 0% 9,499 

12 19 3 5 1 28 3% 1% 77% 20% 1,891 

13 3,125 268 6 1 3,400 41% 59% 0% 0% 5,931 

14 534 190 8 101 833 14% 72% 5% 9% 9,208 

15 2,354 347 40 22 2,763 51% 37% 11% 1% 8,508 

16 2,681 246 33 23 2,983 72% 4% 24% 0% 10,510 

17 617 143 8 30 798 50% 34% 11% 5% 3,797 

18 4,548 376 56 80 5,060 63% 12% 23% 2% 8,800 

19 2 2 1 1 6 0% 99% 1% 0% 16,404 

20 1,632 206 39 52 1,929 44% 10% 40% 5% 13,020 

21 399 102 93 10 604 5% 11% 84% 0% 5,600 

22 2,111 379 58 4 2,552 60% 36% 4% 0% 11,196 

23 21 124 56 71 272 0% 5% 81% 14% 9,400 

R = Residential  C = Commercial  I = Industrial 
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Table G-3:  Feeder Characteristics (Part 3) 

Feeder Number of PV Sites (n) Installed PV Capacity (kW) 

1 7 20 

2 2 307 

3 1 133 

4 1 999 

5 6 39 

6 65 388 

7 43 615 

8 34 1,596 

9 1 521 

10 2 364 

11 21 111 

12 2 1,581 

13 4 469 

14 3 104 

15 54 272 

16 111 1,087 

17 17 106 

18 112 400 

19 10 1,048 

20 24 1,976 

21 3 884 

22 21 121 

23 2 1,045 
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Table G-4 shows data used to determine a strong negative linear relationship (correlation 

coefficient of -0.86) between time of peak feeder demand (afternoon/evening peaking 

feeders) and the Peak Reduction Factor.  Feeders with morning peaking have been excluded. 

 

Table G-4:  Peak Reduction Factor vs. Time of Feeder Peak Demand 
(Afternoon/Evening Peaking) PST, Correlation Data 

Feeder Peak Demand Hour 

Peak Reduction Factor 

(kW/kW) 

1 16 0.50 

2 17 0.51 

4 14 0.21 

5 14 0.87 

6 12 0.71 

7 19 0.10 

8 19 0.14 

9 13 0.70 

10 15 0.81 

11 17 0.41 

12 21 0.10 

13 22 0.00 

14 18 0.19 

16 19 0.08 

17 20 0.00 

18 19 0.00 

19 20 0.00 

20 19 0.03 

22 15 0.60 

23 13 0.66 

 

 

 

 

 

 

 

 

 



2009 CSI Impact Evaluation 

 

G-6 Feeder Modeling, Sample Size, and Selection 

Table G-5 shows the data used to support a moderate linear relationship between feeder 

length and Loss Reduction Factor (0.65 correlation coefficient). 

 

Table G-5:  Loss Reduction Factor vs. Total Feeder Length, Correlation Data 

Feeder 

Total Feeder 

Length (mi) Loss Reduction Factor (kWh/(kWx8760h)) 

1 29.4 0.003 

2 25.0 0.001 

3 43.6 0.000 

4 2.0 0.002 

5 4.3 0.003 

6 91.8 0.004 

7 178.3 0.009 

8 93.4 0.003 

9 4.3 0.001 

10 10.4 0.001 

11 23.6 0.004 

12 25.1 0.002 

13 14.7 0.000 

14 35.8 0.008 

15 54.0 0.004 

16 94.9 0.004 

17 58.0 0.007 

18 147.8 0.012 

19 32.3 0.002 

20 75.5 0.000 

21 17.9 0.001 

22 52.8 0.006 

23 51.2 0.003 
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Table G-6 shows the data used to show that the weak positive linear relationship between the 

number of PV sites and Loss Reduction Factor (a correlation coefficient of 0.56). 

 

Table G-6:  Loss Reduction Factor vs. Number of PV Sites on a Feeder, 
Correlation Data 

Feeder PV Sites (n) Loss Reduction Factor (kWh/(kWx8760h)) 

1 7.0 0.003 

2 2.0 0.001 

3 1.0 0.000 

4 1.0 0.002 

5 6.0 0.003 

6 65.0 0.004 

7 43.0 0.009 

8 34.0 0.003 

9 1.0 0.001 

10 2.0 0.001 

11 21.0 0.004 

12 2.0 0.002 

13 4.0 0.000 

14 3.0 0.008 

15 54.0 0.004 

16 111.0 0.004 

17 17.0 0.007 

18 112.0 0.012 

19 10.0 0.002 

20 24.0 0.000 

21 3.0 0.001 

22 21.0 0.006 

23 2.0 0.003 
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Figure G-1 shows the breakdown of the number of study feeders based on geographic 

location (inland vs. coastal). 

 

Figure G-1:  Feeder Samples by Geographic Location 
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Figure G-2 shows the number of feeders used in the study based on the predominant 

customer mix. 

 

Figure G-2:  Feeder Samples by Customer Mix 
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Figure G-3 shows the number of study feeders sorted into bins based on circuit length. 

 

Figure G-3:  Feeder Samples by Length 
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Figure G-4 shows the number of study circuits sorted by bins based on feeder peak load 

level(s). 

 

Figure G-4:  Feeder Samples by Peak Load 
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Figure G-5 shows the number of study feeders based on PV Penetration Level.  PV 

Penetration Level is defined as the total PV Capacity / Circuit Peak Load. 

 

Figure G-5:  Feeder Samples by PV Penetration Level 
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G.3 Examples of Peak Day Feeder Load Profiles 

Below are three typical examples of peak day feeder load profiles from the study circuits.  

All 23 case study feeders fall into one of these three examples. 

 

The first example (Figure G-6) shows a feeder with daily demand peaking at about 11:00 

hours, which is highly coincident with peak PV generation.  This results in the greatest 

reduction of the daily net feeder peak demand (Note:  a second slightly lower peak in the 

feeder demand curve occurs on the circuit about 17:00 hours and is almost unaffected by the 

PV output, which has tapered off significantly by that hour). 

 

Figure G-6:  Example # 1—Peak Day Load Profile 
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The second example (Figure G-7) is typical of many feeders within the CSI study set.  The 

PV generation peaks sometime prior to the maximum feeder demand conditions, and there is 

essentially no impact on the feeder peak demand. 

 

Figure G-7:  Example # 2—Peak Day Load Profile 
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Feeder Modeling, Sample Size, and Selection G-13 

The third example (Figure G-8) shows a high level of coincidence between the PV generation 

daily output and the peak demand on the feeder.  The feeder peak is reduced due to the PV 

generation (in this example the PV generation impact actually shifts the time of the net feeder 

peak from mid-day to evening). 

 

Figure G-8:  Example # 3—Peak Day Load Profile 
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Appendix H 
 
PV Performance Ranking Methodology 

 

This appendix describes in more detail the actual code used to generate the performance 

ranking used to group systems in quartiles referenced in Section 9 of the report.   

 

Sequence of steps: 

 

1. Systems are grouped into strata based on their location, program territory, program 

type (EPBB or PBI), and tilt. 
  

2. Monthly capacity factor is calculated for all the systems, which is the actual 

cumulative performance as a ratio of the rated capacity of the system.  Months 

with inadequate performance data are screened out in this process. 
  

3. Monthly plane of array solar radiation numbers are separately calculated for 

various climate zones, tilt, and azimuth combinations. 
  

4. The performance ratio for each system is calculated from the monthly capacity 

factor and monthly plane of array solar radiation available. 
  

5. The performance ratios of sytems within strata are weighted by the month and 

assigned a score within the quartile.  Summer months are assigned a higher weight 

since more energy is produced during those times. 
  

6. The scores are then normalized so that the number of months for which the system 

is operational does not matter when the system gets an overall normalized 

performance ratio. 
  

7. The systems are then binned into quartiles based on their performance ratio within 

strata. 
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