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Executive Summary 

  
The California Solar Initiative (CSI) is a ten-year comprehensive statewide solar program.  
This program is an example of the State’s strong support for solar technology and is an 
outgrowth of Governor Schwarzenegger’s call for a “Million Solar Roofs” vision for the 
State of California.  The objectives of the CSI are:    

 Installing 1,940 megawatts (MW) of solar photovoltaic (PV) capacity and  
 Transforming the market for PV by bringing the delivered price down so it is self 

sustaining without a ratepayer subsidy. 
 
In addition to these explicit objectives, the CSI program is also adding clean energy to peak 
demand resources; reducing risk by diversifying California’s energy portfolio; and reducing 
loads on California’s transmission and distribution system. 
 
This report is the final version of the CSI Impact Evaluation for the program years 2007 and 
2008.  A preliminary version of this report was provided to the CPUC in June 2009 to 
support its mid-year report to the California Assembly.  This final version includes additional 
solar generation and transmission and distribution data, which allowed greater exploration of 
the impacts of the CSI program.  This report focuses only on the CSI and not on solar 
installed through the State’s other solar programs, including the Self Generation Incentive 
Program (SGIP), Emerging Renewables Program (ERP), New Solar Homes Partnership 
(NSHP), or programs implemented by the State’s publicly owned utilities. 
 
Section 1 provides background information on the CSI program and describes the scope of 
the impact evaluation study.  Section 2 provides a status report on the CSI program and other 
solar distributed generation programs that were installed during 2007 and 2008.  In Section 2 
we illustrate the growth of the CSI program from its beginnings; the gradual increase in 
systems through the end of 2007; and the program’s rapid acceleration as solar systems were 
interconnected through 2008.  For example, nearly 151 MW of CSI solar systems were 
installed from January 1, 2007 through December 31, 2008.  However, 83 percent or 125.6 
MW of these systems were interconnected in 2008.  Section 2 also provides a breakdown of 
the number and capacity of systems installed by sector (i.e., residential, small commercial, 
and large commercial) as well as by system configurations (i.e., fixed near flat, tilted, 
tracking).  These data provide the population for the data collection framework described in 
Section 3 and the impact analysis results of Section 4. 
 
Section 3 describes the sources and the number of systems from which we were able to 
obtain solar performance data.  As mentioned earlier, over 80 percent of the systems 
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deployed in 2007-2008 were installed in 2008.  PV performance data from these systems 
were unavailable for the preliminary version of this report.  Receipt of data from these 
systems has improved the statistical significance of the impact evaluation results relative to 
the preliminary report, particularly for smaller solar systems.  For instance, in the June 
version of the report, the analysis was based on 220 metered systems; 67 residential and 153 
non-residential.  Through increased efforts of the Program Administrators and the California 
Public Utilities Commission’s Energy Division, that sample was increased to 919 metered 
systems; 714 residential and 205 non-residential.  This material increase allowed for greater 
depth of analysis in Section 4 and increased statistical confidence in the impact evaluation 
results. 
  
Section 4 provides the impact evaluation results based on the actual generation data and 
statistical estimations.  Major findings from the 2007-2008 impact evaluation include the 
following: 
 

 CSI projects generated almost 119,000 MWh of electricity during 2008; enough to 
meet the electricity requirements of approximately 20,100 homes for a year1.   

 The weighted annual average capacity factor for CSI solar systems for 2008 was 
estimated to be 0.19.  Monthly average capacity factors showed a peak monthly 
capacity factor of over 0.25 in June and a minimum of 0.1 in January, reflecting 
the decrease in the amount of sunlight in the winter months.   

 The ability of CSI projects to supply electricity during times of peak demand 
represents a critical impact.  In 2008, there were 6,067 CSI solar systems online at 
the time of the CAISO system peak.  Based on available metered data, CSI solar 
systems demonstrated a peak hour capacity factor of 0.64 at the time of the 2008 
CAISO system peak.  This means that for every MW of CSI solar system deployed 
under the CSI as of the 2008 CAISO summer peak, 0.64 MW was providing 
electricity to help meet peak demand.   

 Similar peak demand impacts were found at the IOU-specific peaks, with CSI 
solar systems in the PG&E service territory having a peak hour capacity factor of 
0.48, in the SCE service territory having a peak hour capacity factor of 0.66, and in 
the SDG&E territory having a peak hour capacity factor of 0.68.   

 An evaluation of CSI systems deployed from 2007-2008 under the CSI shows that, 
in general, systems were performing as expected.  More specifically, systems 
receiving EPBB incentives had slightly lower performance than expected, whereas 
systems receiving PBI incentives had slightly higher performance than expected.     

                                                 
1  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, 
http://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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 Interest in climate change has increased over the last several years with special 
emphasis being placed on reducing greenhouse gas (GHG) emissions.  Overall, the 
CSI provided over 78,000 tons of GHG emission reductions (as CO2 equivalent) 
during 2007 and 2008.  Over 52 percent of the GHG emission reductions resulted 
from CSI solar systems installed in the PG&E service territory.   

 In addition to providing electricity over the course of the year and during times of 
peak demand, CSI solar facilities potentially benefit the distribution and 
transmission systems of California’s electrical grid by reducing loading on the 
lines.  An evaluation of the transmission system impacts associated with CSI solar 
systems deployed during 2008 indicates a transmission system capacity benefit of 
over 156 MW. 
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Introduction 

 
1.1  Program Background 
The California Solar Initiative (CSI) is a ten-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 call for a “Million Solar Roofs” vision for the 
State of California.1  The CSI program was authorized by the CPUC in a series of regulatory 
decisions throughout 2006.  In addition, the Legislature expressly authorized the CPUC to 
create the CSI Program in 2006 in Senate Bill (SB) 1 (Murray, 2006).  The CSI, effective 
January 1, 2007, replaced the solar component of two earlier incentive programs:  the Self-
Generation Incentive Program (SGIP) and the Emerging Renewables Program (ERP). 
 
The CSI’s two primary objectives are to install 1,940 megawatts (MW) of solar 
photovoltaic (PV) capacity and to transform the market for PV by bringing the delivered 
price down so it is self-sustaining without a ratepayer subsidy.  In addition to these 
explicit objectives, the CSI program is also adding clean energy to peak demand 
resources; reducing risk by diversifying California’s energy portfolio; and reducing loads 
on California’s transmission and distribution system.  SB 1 also requires that monetary 
incentives decline at an average rate of at least 7 percent for each year following 
implementation, reaching zero by December 31, 2016. 
 
The CSI provides financial incentives to customers of Investor-Owned Utilities (IOUs) to 
install photovoltaic 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 to systems smaller than 50 kW and is a one-time, up-front incentive 
                                                 
1  The Million Solar Roofs goal was not adopted by the Legislature as an explicit number of projects goal in its 

authorization of the State’s solar programs. Instead, the Legislature adopted a 3,000 MW capacity goal. 
However, if the entire capacity goal were installed (hypothetically) in only small residential systems 
averaging 3 kW in size, it would cover approximately one million roofs. In practice, the CPUC expects its 
CSI portion of the statewide program to be approximately one-third residential, and two-thirds non-
residential projects. Since non-residential systems are fewer in number, but larger in terms of per-project 
capacity, the number of systems installed will not reach one million even when the capacity targets are 
achieved. 
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based on the expected performance of the system. 2  The Performance-Based Incentive (PBI) 
applies to all systems larger than 50 kW and is an incentive paid for actual kilowatt-hour 
(kWh) production over a period of five years.  The California Energy Commission’s New 
Solar Homes Partnership (NSHP) program is complementary to the CPUC CSI program and 
offers financial incentives for new residential homes.  
 
 
1.2  Impact Evaluation Requirements 
SB 1 (Murray, 2006) 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 2007 and 2008 timeframe. 
 
This Final 2007-2008 Impact Evaluation Report updates a Preliminary Impact Evaluation 
Report provided to the CPUC in June 2009.  The primary difference between the two reports 
is additional solar system performance data made available from third party stakeholders, 
which has provided the opportunity for increased coverage of CSI impacts. 
 
Impact Evaluation Objectives 

The scope of this Final 2007-2008 Impact Evaluation Report includes: 
 

 Impacts on electricity energy production and demand reduction  
 Performance relative to installed capacity  
 Expected vs actual solar production  
 GHG emissions reductions  
 Transmission and distribution system impacts 

 

                                                 
2  Systems installed from January 1, 2007 through December 31, 2007 the EPBB was available for systems 

less than 100 kW and from January 1, 2008 through December 31, 2009 the EPBB was available for 
systems smaller than 30 kW.  Beginning January 1, 2010, the EPBB will only be available for systems 
smaller than 30 kW; systems larger than 30 kW will be required to take the PBI. 
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1.4  Report Organization 
This report is organized into five sections and two appendices, as described below.   
 

 Executive Summary provides an overview and summarizes the key findings of 
this report.    

 Section 1 is this introduction.   
 Section 2 presents a summary of the CSI program status through the end of 2008.   
 Section 3 describes data sources and summarizes metered data collected for the 

evaluation.   
 Section 4 discusses the 2007-2008 impacts associated with CSI projects at the 

program level.  This section provides a summary discussion as well as specific 
information on impacts associated with energy delivery; peak demand reduction; 
GHG emissions reductions; and impacts on the transmission and distribution 
systems.   

 Appendix A provides an overview of the methodologies used for the analysis.   
 Appendix B presents the distribution feeder case studies. 
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Program Status 

 
2.1  Introduction 
This section provides information on the status of the California Solar Initiative (CSI) as of 
the end of December 31, 2008 and the basis for analysis of this impact evaluation study.  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 
2008 (PY08).  Information in this section includes an overview of CSI projects included in 
the impact evaluation; the geographical distribution of the projects; the status of projects in 
the CSI; the associated amount of rebated capacity deployed under the CSI to date; costs and 
cost trends. 
 
 
2.2  Overview 
There has been tremendous growth in grid connected solar PV facilities deployed in 
California because of the CSI.  There was approximately 198 MW of grid-connected PV 
capacity in California at the end of 2006.  During 2007 and 2008 approximately 241 MW of 
grid-connected PV capacity was added, growing the total for the state of California to 439 
MW of installed grid tied capacity.  Several solar programs including the CSI contributed to 
this growth in 2007 and 2008.   
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Table 2-1 is a summary of the estimated grid-connected PV capacity in California installed 
during 2007-2008 broken out by solar program.1    
 

Table 2-1:  Grid PV Capacity in California as of 12/31/08 

 
 

Solar Program 

2007 
Capacity 

(MW) 

2008 
Capacity 

(MW) 

2007-08 
Cumulative 

(MW) 
California Solar Initiative (CSI) 19 133 152* 
Self-Generation Incentive Program (SGIP) 33 21 54 
New Solar Home Partnership Program (NSHP) 0 1.4 1.4 
Emerging Renewables Program (ERP) 26 3.0 29 

Investor-Owned Utility territory subtotal 78 158 236 
Publicly-Owned Utilities (POU) 3 1.5 4.5 

Non-IOU territory subtotal 3 1.5 4.5 
Statewide Total 81 160 241 

*  This includes approximately 14 MW of SGIP Transition Projects 
 
As this table illustrates, the CSI represents an evolution in the deployment of PV systems 
through state incentive programs in California.  Initiated in 1998, the California Energy 
Commission’s Emerging Renewables Program (ERP) provided incentives to grid-connected 
PV systems smaller than 30 kW in capacity.  ERP installed approximately 91 MW of PV 
capacity from 1981 through 2006.  An additional 29 MW of capacity was installed during 
2007 and 2008 as the ERP came to its completion and was replaced by the CSI program and 
the New Solar Homes Partnership Program.   
 
Initiated in 2001, the California Public Utilities Commission’s Self-Generation Incentive 
Program (SGIP) focused on providing incentives to PV systems larger than 30 kW in rebated 
capacity and installed at utility customer sites.2  SGIP added approximately 80 MW of PV 
capacity up through 2006, with 40 MW more added during 2007 and 2008.  The CSI 
replaced the PV portion of the SGIP program beginning in 2007.   
 
 
 

                                                 
1  California Public Utilities Commission, Staff Progress Report, January 2009, Table 1 
2  Solar was included as part of SGIP through December 31, 2006.  For more information on that program 

please go to http://www.cpuc.ca.gov/PUC/energy/DistGen/sgip/ 
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As of the end of 2008, in just two years of the operation, over 150 MW of PV capacity had 
been installed under the CSI, bringing the statewide cumulative PV total for all programs to 
439 MW.  Figure 2-1 depicts the geographical distribution between the ERP, SGIP, and CSI 
programs over their respective periods of operations.  As illustrated, PV installations have 
been both in costal and inland locations. 
 

Figure 2-1:  Evolution of PV Incentive Programs in California 
 

ERP: 120 MW 
< 30 kW 
1981 - 2008 

SGIP: 120 MW 
> 30 kW 
2001 - 2008 

CSI: 150 MW 
All sizes 
2007 - 2008 

 
 
Prior to 2007, most state level incentive funding for PV projects flowed out of the SGIP and 
the ERP.  In accordance with Senate Bill 1 (Murray, 2006), PV project incentive payments 
shifted from the SGIP to the CSI effective January 1, 2007.  However, there were a number 
of PV projects that had applied for incentives under the SGIP prior to January 1, 2007 but 
had not yet received incentive funding (i.e., fell within the reserved incentive category in the 
SGIP).  These “SGIP Transition Projects” received incentive funding via the CSI.  For the 
purposes of this impact evaluation, SGIP transition projects are included with installed CSI 
projects.  As a result, the total capacity of PV projects examined for this impact evaluation of 
the CSI is 150.5 MW. 
 
 



Final 2007-2008 CSI Impact Evaluation 

2-4 Program Status 

2.3  Data Definitions and Classifications 
There are several important project definitions used for the 2007-2008 CSI impact 
evaluation: 
 

 CSI “complete” projects:  CSI projects are deemed complete in the CSI when their 
payment is actually issued in the case of EPBB-incented projects, or when they 
enter the payment phase in the case of PBI-incented projects.   

 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).   

 SGIP “transition” projects: SGIP “transition” projects are those that applied for 
incentives under the SGIP prior to January 1, 2007 but had not yet received 
incentive funding reservation until after January 1, 2007 and received incentive 
funding under the CSI program. 

 
Table 2-2 provides a summary of the number and rebated capacity3 of CSI projects examined 
under the 2007-2008 impact evaluation and grouped by Program Administrator (PA)4.  This 
summary includes completed and active online CSI and SGIP transition projects as of the end 
of 2008.  These 11,836 projects correspond to approximately 150 MW5 and represent the 
scope of the Preliminary 2007-2008 Impact Evaluation Study.  
 

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

applicant. 
4  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.  

5  There were approximately 1.5 MW of CSI projects that Itron was unable to reconcile differences in the way 
CSI projects are reported in the PowerClerk database between 2008 and 2009 
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Table 2-2:  CSI (Completed and Active) and SGIP Transition Projects as of 
12/31/20086 

(n) (MW) (n) (MW) (n) (MW) % MW
CSI "Core" Projects

PG&E        7,303 54.9           604 16.9        7,907 71.8 53%
SCE        2,573 35.4           223 16.9        2,796 52.3 38%

CCSE        1,009 10.1             54 1.8        1,063 11.8 9%
Total CSI non-SGIP Projects      10,885 100.4           881 35.6      11,766 135.9 100%

SGIP Transition Projects
PG&E             38 7.2 5             1.2             43 8.3 57%
SCE             26 6.2 -          0.0             26 6.2 43%

CCSE             -   0.0 1             0.0               1 0.0 0%
Total SGIP-CSI Transitional             64 13.4 6             1.2             70 14.6 100%
CSI & SGIP-CSI Transition 

Projects      10,949 113.8           887 36.8      11,836 150.5 N/A

PA
TotalComplete Active Online

 
 
There are 10,949 “complete” CSI and SGIP transition projects, accounting for 113.8 MW, 
which already received incentive payments from the CSI by the end of 2008.  In addition, 
there were 887 “on-line active” CSI and SGIP projects, accounting for 36.8 MW, which were 
operational and awaiting their incentive payments as of the end of 2008. 
 
Using these definitions, we can look at the different classifications of the CSI projects and 
the populations.  One classification is based on customer type or sector.  Table 2-3 
summarizes the number and rebated capacity of CSI projects among several different 
customer types as of the end of 2008.  Residential projects represented the majority of the 
total number of projects, but just over one-third of the total rebated capacity.  Commercial 
projects represented over 50 percent of the total rebated capacity.  There were more non-
profit projects than government projects.  However, the government projects were larger and 
represented slightly more of the total rebated capacity. 
 

Table 2-3:  CSI Projects and Rebated Capacity by Customer Type 

Customer 
Sector 

Complete Active Online Total 
(n) (MW) (n) (MW) (n) (MW) % MW 

Residential        10,325  47.2           728 3.2     11,053  50.4 33%
Commercial            478  60.9            96 21.8         574  82.8 55%
Non-Profit              95  2.1            13 0.6         108  2.7 2%
Government              51  3.6            50 11.1         101  14.7 10%
Totals       10,949  113.8          887 36.8   11,836  150.5 100%

 

                                                 
6  For CCSE the 1 SGIP transition system was less than 50 kW, thus it did not round up to the nearest 100 kW. 
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Figure 2-2 shows the geographical distribution of CSI projects based on customer type.  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 solar resource.   
 

Figure 2-2:  Distribution of CSI Projects by Customer Type as of 12/31/2008 
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It is also useful to examine the growth in capacity of CSI PV systems installed over time by 
customer type.  In Table 2-4 below, 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

7
. 

 

Table 2-4:  CSI Projects and Rebated Capacity by Customer Grouping 

Customer 
Grouping 

Complete Active Online Total 
(n) (MW) (n) (MW) (n) (MW) % MW 

Residential 10325 47.2 728 3.2 11053 50.4 33% 
Small Commercial 215 1.1 31 0.2 246 1.3 1% 
Large Commercial 409 65.4 128 33.4 537 98.9 66% 
Totals 10949 113.8 887 36.8 11836 150.5 100% 

 
The CSI program grew slowly in the first half of 2007 and rapidly thereafter.  The number 
and capacity of systems installed in each quarter of 2007 and 2008 are shown in Table 2-5.  
This table illustrates the ramping up time for the CSI program in the first half of 2007 and the 
time required for the installation of solar systems.  Over 60 percent of the MW installed in 
2007 occurred in the last quarter. 
 

Table 2-5:  Installed Systems per Quarter 

  Q1 Q2 Q3 Q4 Total 
Year n MW n MW n MW n MW n MW 
2007 11 0.1 318 1.9 1271 7.9 1817 15.1 3417 24.9 
2008 2134 24.9 1954 22.1 2411 31.6 1920 47.1 8419 125.6 

 
Figure 2-3 presents the cumulative completed capacity by month for both the residential and 
small commercial and the large commercial customer groupings.  The large commercial 
segment had a slower start than the combined residential and small commercial segment due 
to the time to develop the projects.  However, by early 2008, the cumulative capacity of 
completed large commercial projects exceeded that of residential and small commercial 
projects.   
 

                                                 
7  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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Large commercial projects are likely to have different operating characteristics, costs, and 
effects on the electricity transmission and distribution systems than the residential and small 
commercial facilities.  Due to their greater installed capacities, these large commercial 
projects are likely to have greater impacts.  Therefore, continued high growth rate in large 
commercial projects is expected to have significant changes on impact evaluation results in 
the future.   
 

Figure 2-3:  Cumulative Completed and Active On-Line Capacity by Month 
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Efficiency and Solar System Configuration 

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.  As a result, more systems are beginning to be installed with 
a southwestern orientation in order to set a balance between maximum annual electricity 
generation and generation towards later in the afternoon to maximize their net energy 
metering benefits.   
 
Table 2-6 is a summary of the number and capacity of PV projects installed under the CSI as 
of the end of 2008 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 2008 were 
fixed systems; with an almost equal split between tilted and near-flat8 mounting types.  Table 
2-6 shows the geographical distribution of CSI projects based on the tilt of the system and 
type of mount. 
 

Table 2-6:  CSI Projects and Rebated Capacity by PV Mount Type 

PV Mount 
Type 

Complete Active Online Total 
(n) (MW) (n) (MW) (n) (MW) % MW

Fixed Near Flat 4,742 43.6 449 20.9 5,191 64.4 43% 
Fixed Tilted 6,163 64.1 429 13.2 6,592 77.3 51% 

Tracking 44 6.1 9 2.7 53 8.8 6% 
Totals 10,949 113.8 887 36.8 11,836 150.5 100% 

 
PV systems can also be classified by type of incentive payment within the CSI.  There are 
two incentive payments available:  Expected Performance-Based Buydown (EPBB) and 
                                                 
8  Near-flat mounting systems refer to PV systems with a tilt of less than 20 degrees 
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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.9   
 
Table 2-7 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 2008.  While PV systems receiving 
EPBB incentives make up the largest number of systems under the CSI, systems receiving 
PBI payments make up nearly half the installed capacity of the CSI due to their larger 
capacities.   
 

Table 2-7:  CSI Projects and Rebated Capacity by Incentive Type as of 12/31/08 

PA 
Complete Active Online Total 

(n) (MW) (n) (MW) (n) (MW) % MW 
EPBB 10,631 66.1 765 5.2 11,396 71.4 47% 

Five-Year PBI 318 47.6 122 31.6 440 79.2 53% 
Totals 10,949 113.8 887 36.8 11,836 150.5 100% 

 
Another interesting perspective on PV system distribution is its relation to income levels.  
Due to their high first-time costs, PV systems are typically considered a purchasing decision 
for those with a higher than average level of disposable income; typically single-family 
homes in suburban areas.  However, as commercial operations have become more interested 
in PV systems, there has been an increase in PV systems located in urban areas; including 
areas with lower median income.  Figure 2-4 and Figure 2-5 show PV systems installed in 
the San Francisco and Los Angeles areas, mapped against median household income level.   
 
 
 
 
 

                                                 
9  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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Figure 2-4:  CSI PV Sites and Median Household Income Levels in the San 
Francisco Bay Area  

 
 

Solar Richmond 
 
Solar Richmond is a non-profit 
organization focused on training 
low-income residents in solar PV 
and solar thermal skills, 
including installation of solar 
systems.  Located in Richmond 
CA, Solar Richmond exemplifies 
that solar PV can be geared to 
creating jobs for all income 
levels. 
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Figure 2-5:  CSI PV Sites and Median Household Income Levels in the Los 
Angeles Area 

 
 
In the Northern San Francisco Bay Area, there are several PV systems located where the 
median income level falls below $25,000 or fall within the $25,000 to $50,000 range.  While 
these PV systems are likely to be larger commercial building applications, they are indicative 
of the jobs creation possibility in lower income regions of California. 
 
 
2.4  Installed Costs 
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 a few years, 
progress trends towards this goal can be difficult to see.  Consequently, 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 2008.10   
 

                                                 
10  We have only looked at costs through the end of 2008.  It is recognized that PV costs dropped in 2009 but 

the impacts evaluation scope is limited to 2007-2008. 
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Installed system costs are shown in Figure 2-6 adjusted to 2008 $.  All costs are reported in 
terms of rated capacity in CEC PTC AC Watts (Wcec ac ptc), weighted by capacity and based 
on installation date.  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.  This 
downward cost trend is also evident in other studies analyzing the total cost of PV systems.11 
 

Figure 2-6:  Inflation Adjusted System Costs 
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11  Wiser et al, ‘Tracking The Sun The Installed Cost of Photovoltaics in the US from 1998-2007’ 
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The CSI program data also provides insight into the breakdown of system costs by system 
component.  A breakdown of system costs for PV systems installed under the CSI program 
during 2007 and 2008 are shown in Figure 2-7.  Overall, modules usually represent 50 
percent of the system cost for large commercial systems, 56 percent for residential and 54 
percent for small commercial systems.  The reported module costs of $4.10 per Wcec ac ptc for 
large commercial and $5.23 per Wcec ac ptc for residential are lower than those found from 
other sources for the same period.  SolarBuzz12 reports an average module price of $5.72 per 
Wcec ac ptc.  A Lawrence Berkeley National Labs study13 found module prices of $4.96 per 
Wcec ac ptc for systems 10-100kW and $5.32 per Wcec ac ptc for systems less than 10kW. 
 

Figure 2-7:  System Cost Breakdown (2007-2008) 
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12  http://www.solarbuzz.com/Moduleprices.htm reported 2007 and 2008 average United States module prices 

of $4.83/Wdc, which equates to 5.28/Wcec ac ptc using a 90% STC DC-PTC DC derate and a 94% DC-AC 
derate . 

13  Wiser et al, ‘Tracking The Sun The Installed Cost of Photovoltaics in the US from 1998-2007’; module 
prices reported as $4.5/Wdc,  (<10kW) and $4.2/Wdc,  (10-100kW.) 
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Lastly, we compare CSI average costs and cumulative installed capacity for the CSI relative 
to the SGIP.  Figure 2-8 shows average system size and cumulative installed capacity for the 
SGIP and CSI programs.  Average system sizes in 2008 were 216 kW for SGIP systems, 185 
kW for CSI large commercial (greater than 10 kW), 5.2 kW for CSI small commercial, and 
4.6 kW for CSI residential programs.  Cumulative installed capacities at the end of 2008 
were 133 MW, 100 MW, and 51 MW for SGIP, CSI Large Commercial, and CSI Residential 
and CSI Small Commercial programs, respectively.  Both large commercial programs appear 
to be trending towards larger systems over time while residential/small commercial systems 
are not growing noticeably.   
 

Figure 2-8:  Average System Size and Cumulative Installed Capacity 
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PV Performance Data Collection 

 
This section describes the collection of PV performance data used in conducting the 2007-
2008 impact evaluation.  Electric net generator output (ENGO) data provide information on 
the amount of electricity generated by metered CSI projects.  This information is needed to 
assess annual and peak electricity contributions from CSI projects.  ENGO data were 
collected from several third parties.  Itron 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 Itron by several third parties.  A list of these data 
providers is followed by a summary of characteristics of PV projects for which metered 
electricity generation data were available. 
 
Data Providers 

Among the third-party data providers and installers who supplied PV performance data for 
this 2007-2008 report are the following: 
 

 Draker Laboratories, Inc. 
 Energy Recommerce, Inc. 
 Enphase Energy, Inc. 
 Fat Spaniel Technologies, Inc. 
 Solar Integrated Technologies 
 Thompson Technology Industries, Inc. 
 Trimark Associates 
 SDG&E 
 SolarCity 
 SunPower 
 Rec Solar 
 Borrego Solar 
 Next Energy 
 SolarEcity 

 



Final 2007-2008 CSI Impact Evaluation 

3-2 PV Performance Data Collection 

Characteristics of Metered Projects 

Metered data were available for a subset of projects completed as of the end of 2008.  By 
then, over 11,836 CSI projects were completed or considered to be “active on-line.”  These 
projects corresponded to approximately 150 MW of rebated CSI project capacity.  At the 
outset of this project, data were expected to be available for the majority of completed 
projects.  However, data were available for only a small subset of the projects. 
 
The status of metered energy output data availability is summarized in Figure 3-1.   
 

Figure 3-1:  Metered Data Availability Status by Number and Capacity 

Number of Projects Project Capacity (MW) 
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10,917, 
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CSI incentives are provided either as a five-year performance-based incentive (PBI) or as a 
single Estimated Performance Based Buydown (EPBB).  As an update to this final report, we 
were able to obtain additional metered data for 2007-08 and were able to make comparisons 
between PBI and EPBB systems.  This comparison can be found in Section 4.  
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Table 3-1:  Incentive Types for Metered Projects 

Incentive 
Type 

No. of Metered Projects
(n) 

Percentage of 
Metered Projects 

(%) 
EPBB 666 72% 

FiveYearPBI 2531 28% 
Total 919 100% 

 
CSI incentives were provided for residential as well as non-residential customers.  As shown 
in Table 3-2 the majority of metered projects in our Final report were residential CSI 
participants and the vast majority of metered systems were residential CSI participants. 
 

Table 3-2:  Groupings for Metered Projects 

Customer No. of Projects Capacity of Projects 
Grouping  (n) (%) (MW) (%) 

Large Commercial 203 22% 54.2 95% 
Residential & Small 

Commercial* 716 78% 3.1 3% 

Total 919 100% 57.3 100% 
* Only a single small commercial system was metered 
 
The distribution of CSI participation across the three program administrators was 
summarized in Section 2.  Table 3-3 lists the number of metered residential and non-
residential projects by PA. 
 

Table 3-3:  Program Administrators for Metered Projects 

Program No. of Residential Projects No. of Non-Residential Projects 
Administrator  (n) (%) (n) (%) 

PG&E 535 75% 99 49% 
SCE 129 18% 84 41% 

CCSE 51 7% 21 10% 
Total 715 100% 204 100% 

 

                                                 
1  This number differs from the PBI totals in table 2-7 due to the lag of PBI completed systems and receiving 

PBI system performance information.  
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The PV configurations of CSI participants were summarized in Section 2.  Table 3-4 lists the 
number of metered residential and non-residential projects by PV configuration (mount type). 
 

Table 3-4:  PV System Configurations for Metered Projects 

  
PV Mount 

Type 

No. of Residential Projects No. of Non-Residential Projects 

 (n) (%) (n) (%) 

Fixed Near Flat 353 49% 83 41% 
Fixed Tilted 360 50% 108 53% 

Tracking 2 0% 13 6% 
Total 715 100% 204 100% 

 
The larger sample of metered PV data available through all of 2008 provides increased 
ability to analyze and draw conclusions regarding system capacities than we were able to do 
with only 2007 metered PV data.  Results of this increased analysis are found in Section 4. 
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Program Impacts Results 

 
This section presents the results of the CSI program impact evaluation.  Impacts are 
presented for energy delivery; peak demand reduction; resource adequacy; expected 
performance of systems, GHG emissions reductions; and impacts on the transmission and 
distribution systems.   
 
 
4.1  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 December 31, 2008.  Impacts were 
estimated using available metered data for 2007-2008 and information on system 
characteristics.  Information on system characteristics came from project tracking systems 
maintained by the PAs.  Appendix A provides a description of the data analysis and 
methodology and treatment of statistical uncertainty. 
 
By the end of 2008, there were 11,836 complete or active on-line CSI solar systems 
providing slightly over 150 MW of electric generating capacity.  Table 4-1 provides the 
estimated quantity of electric energy (in megawatt-hours) delivered by CSI facilities for each 
quarter throughout calendar years 2007 and 2008.   
 

Table 4-1:  Estimated CSI Statewide Energy Impact in 2007-2008 by Quarter 

  Q1 Q2 Q3 Q4 Total 
Year (MWh) (MWh) (MWh) (MWh) (MWh)

2007 9ª 334 † 2260 † 4281 † 6883 † 
2008 12126 31094 41569 33699 118489 

* ª indicates confidence is less than 70/30.  † indicates confidence is better than 70/30.  No symbol indicates confidence is 
better than 90/10. 
 
Less than 7,600 megawatt-hours (MWh) of electricity was delivered by CSI solar facilities 
during 2007.  This was the first year of the CSI and only 19 MW of solar capacity was 
installed in 2007 with a vast majority installed in the last three months of the year.  However, 
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estimated electricity delivery increased 17-fold by the end of the following year as 
significantly more facilities came on-line (see Table 2-5 for the quarterly break out of 
systems).  CSI projects generated almost 119,000 MWh of electricity during 2008; enough to 
meet the electricity requirements of approximately 20,100 homes for a year1.  CSI projects 
are located at utility customer sites whereby they help meet local electricity requirements.  
Consequently, the nearly 119,000 MWh of electricity provided by CSI facilities during 2008 
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 solar systems, it’s 
also valuable to know the variation in energy delivery during the course of the year.  
Weighted annual average capacity factors (CFs)2 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 solar 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 2008 are shown in Figure 4-1.     

                                                 
1  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. 

2  Annual capacity factors are weighted by the capacity contribution from each facility 
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Figure 4-1:  Weighted Average 2008 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 June and 
dropped to 0.1 in January.  The weighted annual average estimated capacity factor for all 
installed CSI solar systems for 2008 was 0.19. 
 
PA-Specific Energy Impacts 

Table 4-2 provides annual energy impacts for CSI projects by each PA for both 2007 and 
2008 and the corresponding number of solar systems installed in those years. 
 

Table 4-2:  Estimated CSI Annual Energy Impacts by Year and PA (MWh) 

  PG&E SCE CCSE Total 
Year (n) (MWh) (n) (MWh) (n) (MWh) (n) (MWh) 
2007 2319 4,373 † 622 1,635 † 319 875 † 3,260 6,883 † 
2008 7950 61,860 2822 45,484 1064 11,144 11,836 118,489 

* ª indicates confidence is less than 70/30.  † indicates confidence is better than 70/30.  No symbol indicates 
confidence is better than 90/10. 

** CCSE is the program administrator of the CSI program in SDG&E’s service area. 
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Solar systems installed in the PG&E area are estimated to have supplied over 52 percent of 
the total electricity delivered by the CSI in 2008, whereas SCE and CCSE systems are 
estimated to have supplied approximately 38 percent and 10 percent, respectively.  The 
magnitude of electricity delivery in the PG&E territory is not surprising given that PG&E 
had over 7,900 solar systems representing 80.1 MW in 2008; nearly 67 percent of all systems 
and 53 percent of the installed capacity. 
 
Table 4-3 provides estimated average weighted annual capacity factors for CSI projects by 
PA for 2008.  2007 data is not presented since few systems were operational for the majority 
of 2007.  
 

Table 4-3:  Estimated Annual Capacity Factors for 2008 by PA 

  PG&E SCE CCSE 
  Annual Capacity Factor 

Year (kWyear/kWyear) 
2008 0.18 0.20 0.20 

 
 
4.2  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 2007 and 2008.   
 
Overall 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 older and more expensive peaking generators as well as by decreasing 
transmission line congestion.  In addition, by offsetting more expensive peak electricity, CSI 
projects provide potential cost savings to their host sites.   
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Peak loads and dates of the CAISO peaks for 2007 and 2008 are listed in Table 4-4.  The 
CAISO annual system load peaked for both 2007 and 2008 from 3:00 to 4:00 p.m. Pacific 
Daylight Savings Time (PDT).  In addition, peak load in both years exceeded 46,000 MW. 
 

Table 4-4:  Loads and Dates of CAISO System Peak for 2007 and 2008 

Year 
Peak Load 

(MW) Date and Time 
2007 48,835 August 31, 3:00 to 4:00 P.M. (PDT) 
2008 46,789 June 20, 3:00 to 4:00 P.M. (PDT) 

 
Table 4-5 shows the number of systems which were online during the CAISO peak in 2007 
and in 2008.3  Table 4-5 also provides information on the overall CSI program impact on 
electricity demand coincident with the CAISO system peak loads in 2007 and 2008.  
 

Table 4-5:  Estimated Demand Impact Coincident with CAISO System Peak 

  PV Systems PV Systems Impact Hourly Capacity Factor 
Year (n) (MW) (MW) (kWh/kWh) 
2007 977 5.0 3.2 0.64 
2008 6067 62.3 40.1 0.64 

 
In 2008, there were 6,067 systems online at the time of the CAISO system peak.  While these 
online systems had a rebated capacity of 62.3 MW, their generating capacity for that hour 
was estimated to be 40.1 MW based on available metered data.  Consequently, based on 
available metered data, CSI systems had a peak hour capacity factor of 0.64 at the time of the 
2008 CAISO system peak.  The same calculation can be performed for 2007; however, the 
peak hour capacity factor for the 2007 CAISO system peak may not be representative due to 
the limited amount of metered data available for 2007.4   
 

                                                 
3  The number of on-line systems for both years is lower than the on-line number for at the end of the year.  

More systems were installed after the CAISO peak occurred in June 2007.  In addition, the number of 
systems online at the 2008 CAISO peak is lower than those online at the end of 2008.  Approximately 5,500 
more systems were installed between June 20, 2008 and December 31, 2008.  See table 2-5 for quarterly 
details. 

4  In comparison, SGIP solar facilities for which there was statistically significant metered data, showed a 
peak-hour capacity factor coincident to the 2008 CAISO peak of 0.59.  For more information please see the 
SGIP 8th Impact Evaluation report www.cpuc.ca.gov/NR/rdonlyres/11A75E09-31F8-4184-B3A4-
2DCCB5FB0D2D/0/SGIP_Impact_Report_2008_Revised.pdf 
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Figure 4-2 shows the estimated hourly impact of CSI projects on the 2008 CAISO system 
peak.  Based on the available metered data, CSI system generating capacity increased 
steadily from 8 am to noon; remained fairly level from noon to 2 pm and then declined 
steadily through the rest of the afternoon.  This overall generation profile is typical of solar 
systems.   
 

Figure 4-2:  Estimated Hourly CSI Impact on CAISO 2008 System Peak 
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PA-Specific Peak Demand Impacts 

Table 4-6 shows the number of systems installed and estimated capacity of solar systems 
online during the 2008 CAISO system peak by PA.  The associated impact on the 2007 
CAISO peak is not included due to lack of statistically significant data.   
 

Table 4-6:  Estimated Peak Demand Impact Coincident with CAISO System 
Peaks by PA (2008) 

  Program 
PV 

Systems PV Systems Impact 
Hourly Capacity 

Factor 
Year Administrator (n) (MW) (MW) (kWh/kWh) 

2008 
PG&E 4179 33.3 20.9 0.63 
SCE 1353 23.8 15.6 0.66 

CCSE 535 5.1 3.6 0.69 
 
In general, CSI systems provided the similar peak hour capacity factors relative to the 2008 
CAISO peak regardless of their PA-specific location. 
 
Table 4-7 shows the number and estimated capacity of solar systems online during the IOU 
system peaks by PA and the associated impact on the IOU peak.  2007 is not included due to 
lack of statistically significant data.   
 

Table 4-7:  Estimated PA-Specific IOU Peak Impacts 

Year PA Date and Time (PDT) (n) 
PV Systems 

(MW) 
Impact 
(MWh) 

Peak Hour 
Capacity 

Factor 

2008 
PG&E July 8, 4:00 to 5:00 PM 5145 35.1 16.8 0.48 
SCE June 6, 3:00 to 4:00 PM 1548 23.8 15.6 0.66 

CCSE October 1, 2:00 to 3:00 PM 916 9.2 6.3 0.68 
 
In 2008, the peak hour capacity factor for systems within PG&E territory during that IOU 
peak was relatively low at only 48 percent, due to that peak’s relatively late occurrence 
(between 4 and 5 PM PDT.) 
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Resource Adequacy 
As noted earlier, the ability of electricity generation systems to provide electricity at the time 
of the CAISO or utility-specific peak demand is important.  Electricity generated from CSI 
solar 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 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 resource over the course of the year.   
 
In late 2004, the CPUC began investigating standardized definitions and procedures for 
quantifying resource adequacy.5  Resource adequacy is used for determining the amount of 
resources that must be procured by load-serving entities (LSEs)6 to ensure supplies are 
sufficient to meet anticipated demand.  Qualifying capacity (QC) is the amount of a 
resource’s capacity, prior to adjustment for deliverability that can be counted towards 
meeting the resource adequacy procurement obligation.  Net qualifying capacity (NQC) is 
the amount of a resource’s capacity that can actually be counted for resource adequacy 
compliance filings.  In Decision D.09-06-028, the CPUC revised the existing rule for the 
NQC of intermittent wind and solar power generation believing the existing method 
“significantly overstated the dependable level of generation that is available during peak 
hours.”7  More specifically, the CPUC adopted a 70 percent “exceedance” method such that 
“the qualifying capacity of a wind or solar resource would be equal to the minimum output 
achieved by the resource for at least 70 percent of the hours in the data set of historical 
generation for each month.”  
 
CSI solar systems do not contribute towards Net Qualifying Capacity (NQC) under the 
current definitions because they are connected on the customer, not the utility side of the 
meter.  However, calculating an equivalent NQC as prescribed under Resource Adequacy 
Methodology provides a useful metric to compare intermittent resources like solar to more 
traditional sources.  
  
Resource Adequacy Approach 

To the extent possible, Itron followed the approach outlined in by the Energy Division of the 
CPUC in late 2009 to calculate CSI facility resource adequacy8.  This approach was 
developed for larger systems that have been in operation for many years.  For resources with 

                                                 
5  On October 28, 2004, the CPUC issued an interim opinion on resource adequacy in Decision D.04-01-035. 
6  IOUs, energy service providers (ESPs) and community choice aggregators (CCAs) are collectively referred 

to as LSEs 
7  CPUC, Decision D.09-06-028, June 18, 2009, page 2 
8   Dudney, et al, Qualifying Capacity Methodology, CPUC Energy Division report December 18, 2009 
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less than three years of operation, like those rebated under the CSI, a statewide average is 
specified to calculate initial qualifying capacity.  Published qualifying capacity data for solar 
generation is only available for large concentrating solar power (CSP) trough systems and 
would not serve as a good way to estimate an equivalent qualifying capacity for smaller 
distributed solar systems.  Rather than use solar data from other programs such as the Self-
Generation Incentive Program, Itron chose to develop a single year (2008) set of monthly 
qualifying capacities for the CSI program.  These methods are explained in more detail in 
Appendix A.   
 
Resource Adequacy Results 

Figure 4-3 shows the equivalent NQC for solar systems installed under the CSI program 
(treated as a single aggregated facility) in addition to the eligible installed capacity for the 
months of 2008.  Eligible installed capacity is somewhat lower than total installed capacity as 
only systems operational for 15 days or more per month are used in the NQC calculation.  
The NQC shows a rise from March through August of 2008 as equivalent NQC grows 
through the summer months with the increase in installed systems and the energy produced 
during these months.   
 

Figure 4-3:  Effective Net Qualifying Capacities for 2008 
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The effective NQC peaks in August at 40.5 MW when the total eligible rebated capacity was 
85.8 MW.  This means that slightly less than half of the eligible rebated capacity that month 
could be counted towards NQC if allowed.  In this figure we have also included the installed 
capacity to illustrate the impact the growth of CSI systems has on the effective NQC.  This is 
evident for the periods between June and August where there is an increase where typically 
we would expect the NQC to be flat or begin to decrease reflecting the changes in monthly 
capacities.  
 
The effective NQC for January through March and November through December are zero 
because the basis of qualifying capacities for these months is from 4:00 pm to 6:00 pm when 
solar generation will be zero or very close to zero. 
 

Table 4-8:  Hours used for NQC Calculations 

Jan–Mar, Nov and Dec:  4:00 p.m. - 9:00 p.m. 

Apr–Oct:    1:00 p.m. - 6:00 p.m. 

 
Another way to look at the potential contribution of solar systems towards net qualifying 
capacity would be to look at the monthly effective NQC as a ratio to the installed monthly 
capacity factors.  This ratio represents an estimated capacity factor weighted towards the 
critical hours for CAISO demand through the year.  Figure 4-4 shows this ratio in 2008 using 
values for the CSI program and then compared to published values for the large SEGS CSP 
facilities near Kramer Junction, California. 
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Figure 4-4:  Ratio of NQC to Installed Capacity for CSI Solar Systems and 
Large CSP Facilities  

 
 

As shown in Figure 4-4, CSI systems contribute slightly more than half of the nominal 
capacity that would be eligible to contribute to NQC during the summer months, but this 
contribution drops to nearly zero in the winter (i.e., during Nov., Dec., Jan., Feb., March).  
Among the ways to improve the ratio include increasing the number of tracking systems, 
which would act to increase monthly and yearly capacity factors.  Similarly, orienting fixed 
systems towards the west would have a similar but not as great impact during the summer 
months. 
 
The NQC analysis is based on the assumption that the contributing generation is connected to 
the grid at the transmission system level.  CSI systems are instead connected directly at the 
demand center.  Consequently, the NQC analysis does not taken into account location-
specific benefits that may result from CSI solar systems that can in essence bypass the 
transmission and distribution systems to provide electricity directly at the demand center.  
Including these benefits could potentially raise the equivalent NQC for distributed solar 
systems due to the benefits of the generation being at the demand center and the lack of line 
losses.  Finally, the NQC calculations count only solar systems for the ‘diversity benefit’ 
portion of the calculation.  Inclusion of wind and other renewable sources with potentially 
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complementary generation profiles may boost the equivalent NQC for distributed solar 
systems. 
 
 
4.3  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. 
 
Comparisons of estimated annual capacity factor (as calculated in section 4-1) based on 
metered data to expected annual capacity factor provide one way to one way to assess actual 
performance of installed systems.  While this comparison is a meaningful cross-check, it is 
subject to at least two limitations.  First, information regarding expected performance 
pertains to average performance.  Information regarding expected performance during any 
individual year is not available.  In the context of this individual-year comparison, expected 
performance encompasses a range around average expected performance.  Second, estimates 
of actual impacts are subject to uncertainty due to sampling error.  Third, the growth of 
installed capacity in late 2008, 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 2008 
are depicted graphically in Figure 4-5.  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 A.   
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Figure 4-5:  Comparison of Estimated Actual and Expected Annual Capacity 
Factors for 2008 by Incentive Type 
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Systems that received performance based incentives (PBI) have a slightly higher mean 
capacity factor (0.192) than the expected capacity factor derived from PowerClerk (0.190).  
Systems receiving an EPBB incentive have a lower estimated mean capacity factor (0.180) 
than expected (0.189).  This difference, however, is not statistically significant at the 90 
percent confidence level as evidenced by the overlap of error bounds for actual and expected 
performance.   
 
 
4.4  Greenhouse Gas Emission Impacts 
Interest in climate change has increased over the last several years with special emphasis 
being placed on reducing greenhouse gas (GHG) emissions.  Obtaining accurate measures of 
reductions in GHG emissions will increase in importance, particularly in the event of a cap 
and trade program for carbon credits.  This section describes the impacts the installation of 
CSI projects had on cumulative CO2 emissions for 2007 and 2008.   
 



Final 2007-2008 CSI Impact Evaluation 

4-14 Program Impacts Results 

GHG Analysis Approach 

For the purposes of this impact evaluation, the Itron team has assumed that the vast majority 
of GHG emission reductions associated with CSI facilities are due to reduced CO2 emissions.  
Solar systems convert sunlight to electricity via solid state processes and do not emit carbon 
dioxide (CO2) as a result of those processes.  Consequently, CSI installed solar reduces GHG 
emissions by displacing electricity that would otherwise have been generated by utility-based 
generation.   
 
Estimates of CSI-based GHG emission reductions during 2008 were based on estimates of 
electricity generated by the CSI solar systems rather than by centralized power plants.  In 
turn, GHG emission rates for each kWh of electricity generated from utility-based power 
plants were taken from hourly estimates developed by Energy and Environmental Economics 
(E3).  E3 established hourly CO2 CAISO emission estimates based on profiles of base-load 
power plants and peaking plants.  The E3 emission estimates took into account the mix of 
generators for each utility.  Unlike base-load power plants, the operation of peaking plants 
varies throughout the year.  E3 assumed the dispatch of peaking facilities was based on 
avoided costs (i.e., peaking facilities would be brought on line based on the need and 
marginal heat rate).  As a result, E3 established an avoided costs workbook9 that provided 
hourly estimates of GHG impacts per kWh and which reflected a full year of hourly CO2 
emission factors.  E3 is currently updating their avoided cost estimates and these should be 
available in early to mid 2010. 
 
GHG Analysis Results 

This section provides the GHG emissions reduction impacts that occurred as a result of the 
installation of solar systems under the CSI.  As part of our analysis we focused solely on the 
avoided CO2 from electrical generation.  There are other GHGs associated with electrical 
generation (i.e. NOx), but for this analysis we solely focused on CO2 which comprises the 
majority of the GHG associated with electrical generation. 
 
CO2 Emission Impacts 

Solar system installations result in a direct displacement of electricity that would have 
otherwise been generated from natural gas fired central station power plants.  As a result, the 
CO2 emission impacts were based on the amount of CO2 that would have been generated by 
the mix of utility electricity generation sources.  Table 4-8 shows the impact of solar projects 
on CO2-specific GHG emissions for each PA as well as a CSI program total impact. 
 

                                                 
9  Energy and Environmental Economics for the California Public Utilities Commission, “Methodology and 

Forecast of Long Term Avoided Costs for the Evaluation of California Energy Efficiency Programs,” 
October 25, 2004. 
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Table 4-8:  Cumulative CO2 Emissions Impact by Program Administrator (2007 
and 2008) 

Program 
Administrator 

CO2 
Emissions 
Avoided 

Energy 
Impact 
(MWh) 

CO2Eq Factor 
(Tons/MWh) (Tons) 

PG&E 40,539 66,233 0.61 
SCE 29,931 47,119 0.64 

CCSE 7,688 12,020 0.64 
Total 78,158 125,372 0.62 

 
Overall, the CSI provided over 78,000 tons of GHG emissions (as CO2 equivalent) during 
2007 and 2008.  Over 52 percent of the GHG emission reductions resulted from CSI solar 
systems installed in the PG&E service territory.  In comparison, CSI solar facilities installed 
in the SCE and CCSE (SDG&E) regions resulted in approximately 38 percent and 10 percent 
of the overall 2008 GHG emission reductions, respectively.   
 
 
4.5  Transmission and Distribution Impacts 
In addition to providing electricity over the course of the year and during times of peak 
demand, CSI solar facilities impact the distribution and transmission systems of California’s 
electrical grid.  CSI solar systems reduce loading on the distribution and transmission lines 
by displacing electricity that would otherwise have to be provided to electricity customers 
during peak demand.  Reduced line loading alleviates the need to expand or build new 
transmission and distribution infrastructure, thereby saving utility and ratepayer monies.  
Moreover, by providing multiple pathways for electricity to be delivered to the grid, CSI 
solar facilities can potentially lower risk of transmission outages, which in turn may increase 
overall system reliability. 
 
This section presents the impacts of CSI solar facilities on the IOU transmission and 
distribution system as estimated during 2008.  Transmission system impacts are discussed 
first, followed by distribution system impacts.  Only 2008 results are provided.  
Unfortunately, insufficient solar system output data was available to assess the 2007 
transmission system impacts. 
 
Transmission System Impacts 

At the end of 2008, the total installed generating capacity of grid connected solar systems in 
California was less than 500 MW, whereas the 2008 CAISO peak transmission capacity was 
close to 47,000 MW.  Consequently, the electrical output of CSI solar systems installed in 
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2008 is relatively small in comparison to the capacity of the transmission system as a whole.  
As market penetration of solar increases in future years, transmission system impacts from 
solar systems should become greater and more readily observable.  While 2007 transmission 
impacts were not estimated, they would be less than the 2008 impacts due to the lower solar 
capacity installed in 2007. 
 
Data Required to Estimate Impacts 

The following data were required to perform the 2008 transmission impact analysis: 
 

 Transmission power flow case files for 2008 summer peak load conditions   
 Solar generation at time of system peak by service area (PG&E, SCE, and 

SDG&E10) 
 
A substation by substation estimate of solar output at 2008 system peak was not available for 
this analysis. 
 
2008 Transmission Power Flow Cases 

The 2008 summer peak operating power flow base case was obtained from the Western 
Electricity Coordinating Council (WECC).  The WECC case has limited detail for the PG&E 
and SCE transmission systems.  Instead, PG&E and SCE provided power flow cases for 
summer 2008 that includes additional representation of their local transmission systems (e.g., 
500kV down to 115kV) and sub-transmission systems (e.g., 66kV).  Table 4-9 provides a 
comparison between the 2008 summer peak power flow models provided by PG&E and SCE 
and the WECC 2008 summer peak base case used for SDG&E.   
 

Table 4-9:  2008 Summer Peak Case Comparison 

  SDG&E/WECC Case SCE Case PG&E Case 
Number of buses 15,723 1,924 2,999 
Number of branches 13,791 2,235 2,974 
Number of areas 21 9 38 
Number of zones 402 59 99 
SCE Load (MW) n/a 20,991.4 n/a 
PG&E Load (MW) n/a n/a 26,790.8 
SDG&E Load (MW) 4,282.3 n/a n/a 
Total Losses (MW) 5,948.28 912.48 1,066.52 
Total Generation (MW) 165,359.59 30,095.73 27,861.7 
 

                                                 
10  For the transmission and distribution impacts section we will be referencing SDG&E for the area that the 

CCSE is the program administrator of the CSI program as the SDG&E is the LSE in this area. 
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The PG&E and SCE cases are stand-alone power flow cases and no attempt was made to 
merge these into the WECC cases.  These more detailed cases include representations of the 
sub-transmission system for each utility that is not included in the WECC cases.  However, 
the SDG&E sub-transmission system is modeled in the WECC case. 
 
2008 Solar Generation at System Peak 

Estimates of the aggregate solar generation output at the time of system peak, by utility, are 
shown in Table 4-10. 
 

Table 4-10:  Aggregated Estimated Solar System Capacity Coincident to Peak 
Loads 

Utility Solar generation (MWh) Date and Time (PDT) 
PG&E 20.9 June 20, 3:00 to 4:00 P.M. (CAISO peak) 
SCE 15.6 June 20, 3:00 to 4:00 P.M. (CAISO peak) 

SDG&E 3.7 June 20, 3:00 to 4:00 P.M. (CAISO peak) 
PG&E 16.8 July 8, 4:00 to 5:00 PM  (PG&E area peak) 
SCE 15.6 June 6, 3:00 to 4:00 PM  (SCE area peak) 

SDG&E 6.3 October 1, 2:00 to 3:00 PM (SDG&E area peak) 
 
Methodology for Estimating Transmission Impacts 

Distributed solar 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 power flow cases provided by each utility were adjusted by scaling the system load and 
the generation down in a pro rata manner by the amount of the aggregated peak summer CSI 
output level for each utility.   
 
The comparison of these scaled cases to the original base cases then reflects the net change or 
impact on the transmission system (as close as can be practically modeled).  In addition, 
sensitivity cases were also run taking all of the generation reduction at a single generating 
plant location in PG&E, SCE and SDG&E, respectively, and lastly by reducing power 
imports in lieu of generator reduction.  Transmission impacts are evaluated in terms of three 
metrics:  
 

 Transmission capacity benefit 
 Peak system losses 
 System reliability 

 
Transmission Capacity Benefit 

Solar DG systems contribute to the deferral of transmission capacity investments by reducing 
demand-side consumption.  Specific impacts from such small penetrations are hard to 
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measure on the transmission system.  However, a 2008 Transmission Capacity Benefit (TCB) 
value was calculated for PG&E, SCE and SDG&E based on the solar generator peak impacts 
using the respective transmission power flow models.  
 
The TCB value is the sum of the unused line capacities in the power flow for every “branch” 
or circuit (i.e., transmission line and transformer) with and without the solar system capacity.  
The difference between the unused circuit capacity with solar versus without solar 
determines the TCB benefit for each utility.  The TCB calculation method is illustrated below 
in Figure 4-6 for a sample 3-bus system.  Results of the TCB example calculation are shown 
in Table 4-11.  For simplicity, this example ignores power losses on the circuits and 
capacitive/inductive flow components. 
 

Table 4-11:  Example Results of TCB Calculation 

  Without Solar DG With Solar 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 

Totals   155  160 
 TCB (MW) = 160 - 155 = +5 MW 
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Figure 4-6:  Sample 3-Bus System Showing TCB Method 
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The TCB represents the increase in transmission capacity made available by adding the 
distributed solar generation under normal system conditions, and does not address 
transmission capacity under contingency conditions.  Therefore, the TCB is only a metric of 
transmission benefit and is not useful for system planning purposes.   
 
It should be noted that the value of the TCB in the example above (5 MW) actually exceeds 
the amount of solar generation added (3 MW).  This result is due to 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 solar is located).  This reflects real transmission capacity 
“released” on both lines.  Thus, even a small addition of solar generation on the system can 
result in a cumulative utility TCB value that is larger than the amount of added solar 
generation. 
 
The TCB calculation provides a measuring stick to determine the relative transmission 
system impact.  The generator adjustments made to determine transmission capacity impacts 
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were modeled in three different ways in the power flow.  One method scaled the generation 
down in a pro rata manner in each area by the amount of solar generation in that area.  
Another method reduced area imports by the amount of solar generation in that area.  Finally 
a third method backed off a single (e.g., marginal cost) unit by the amount of solar generation 
in that area.  Table 4-12 is a summary of TCB results from the three different modeling 
approaches used for estimating 2008 CSI transmission impacts within the PG&E, SCE and 
SDG&E service territories.   
 

Table 4-12:  Comparison of Transmission Capacity Benefit Modeling 
Approaches (2008)11 

  

Scale All Area 
Generation 

(MW) 

Area Import 
Reduction  

(MW) 

Single  
(e.g., Marginal) 
Unit redispatch 

(MW) 
TCB Sensitivity Results:    
PG&E Transmission System 87.34 84.26 124.97 
SCE Transmission System 55.99 61.67 27.20 
SDG&E Transmission System 13.40 17.56 19.01 
Statewide Total 156.73 163.49 171.18 
 
Based on these comparisons, scaling the area generation was chosen as the best proxy for 
measuring the CSI solar impacts.  
 
Peak System Loss Impacts 

Solar DG systems can reduce peak system losses by lowering the power delivered by the 
transmission system at the time of system peak.  Distributed solar generation has the same 
effect as reducing the load at the distribution circuit or transmission bus where the solar 
power is produced.  This results in lower transmission losses, which were quantified using 
the peak solar generator data in the power flow models provided by each utility.  The 
resulting reduction in transmission losses translates directly into a further reduction in 
generation requirements and related environmental impacts including emissions.   

                                                 
11  Actual TCB calculations were done using circuit "mega-volt-amperes" (MVA), but the results were 

expressed as "mega-watts" (MW) for the purposes of this report. 
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Reductions in PG&E, SCE and SDG&E service area transmission losses are shown in Table 
4-13 for 2008 summer peak conditions.  
 

Table 4-13:  Transmission Loss Savings at 2008 CAISO Peak 

 Loss Reduction (MW) 
PG&E Transmission System 1.22 
SCE Transmission System 0.90 
SDG&E Transmission System 0.14 
Statewide Total 2.26 
 
The transmission loss numbers above exclude the impact of CSI on the utility distribution 
system losses in 2008.  A utility-level or statewide level impact on distribution system losses 
is not available for 2008.  However, individual circuit level loss impacts are included in the 
case studies discussed in the distribution impacts section which follows.  
  
System Reliability Impacts 

Transmission system reliability is typically measured in terms of the system's ability to 
deliver power under an “n-1” conditions12.  FERC rules generally require that no load be 
curtailed for any category B contingency (any n-1 contingency or more probable multiple 
contingencies).  However, there is often congestion on the transmission system which can 
result in reductions in power transfers in order to adhere to this set of reliability criteria.  
Distributed solar generation improves transmission reliability to the extent that it frees up 
transmission capacity needed to meet the FERC category B reliability criteria.  While no 
contingency analysis was performed for this phase of the study, the Transmission Capacity 
Benefit (TCB) calculated earlier gives some idea of how the transmission system reliability 
has improved with distributed solar generation. 
 
Projected impacts of additional distributed solar generation 

With increased distributed solar generation, there will continue to be increased savings in 
transmission losses and freeing of transmission capacity.  Figure 4-7 shows the projected 
impact of additional solar generation on the transmission capacity benefits.  For example, at 
40 MW of installed distributed PV generation (DPVG), the estimated transmission benefit 
capacity is about 100 MW.  However, if the installed DPVG increased to 100 MW, the 
estimated transmission capacity benefit could be close to 270 MW.  If enough distributed 
solar generation is implemented, there will be tangible reliability benefits and will result in 
increases in Actual Transmission Capacity that can be measured. 
                                                 
12  The reliability of the transmission system is typically gauged on the ability of the system to ride through 

occurrences such as the unexpected loss (outage) of a generator or transmission line (e.g., normal system 
configuration minus one component, or “n-1”).   



Final 2007-2008 CSI Impact Evaluation 

4-22 Program Impacts Results 

Figure 4-7:  Projected TCB Impact Associated with Additional Solar Generation 

Actual versus Projected TCB with DPVG Added
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Distribution System Impacts 

Even though the CSI program in 2008 was still early in its deployment and the net 
penetration of solar generation was relatively small, there were a number of distribution 
circuits where the impact of solar generation was significant.  This section provides a 
summary of the results of the distribution system impacts analysis.  A more detailed 
description of the analysis and case studies is contained in Appendix B.  
 
Data Used for Distribution System Analysis 

Available 2008 CSI meter data was reviewed for the PG&E, SCE and SDG&E areas to 
determine which distribution circuits were candidates for detailed distribution system case 
studies.  The bulk of the solar generation sites for which good quality 2008 meter data was 
available represented large commercial units of least 100 kW.  Smaller, residential scale solar 
projects were not addressed in the 2008 case studies as comprehensive solar metering data 
was not available on a circuit-by-circuit basis for these generators in 2008. 
 
The selection of utility circuits for the case studies was done in consultation with each of the 
utilities, and resulted in a total of 14 circuits being selected for 2008 impact analysis (6 in 
SCE, 5 in SDG&E and 3 in PG&E).  The circuits selected reflect a range of geographic 
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locations and climate areas (e.g., coastal, inland, and far inland) from Sacramento to San 
Diego.  Due to subsequent anomalies observed in circuit attributes and/or associated 
metering data, two of the SCE circuits were deleted from the study.  This left a total of 12 
circuits in the final set of case studies.  For each circuit analyzed, the utilities provided details 
of the technical  characteristics needed to perform engineering analysis of the CSI impacts, 
along with hourly circuit demand curves (e.g., kW) for 2008 summer peak scenarios.  This 
information was combined with the solar meter data and connection locations in order to 
compare circuit performance with and without the solar generation on the circuit.  The 
difference between the two cases provides a measure of the CSI impact.  Other times were 
not examined in the 2008 distribution impact analysis. 
 
Methodology for Distribution System Analysis: Locational Impacts 

Utility electric distribution circuits are typically designed to deliver power generated by 
remote system generation sources to end use customers.  The addition of solar generation to 
these circuits as distributed energy sources usually impacts a number of factors associated 
with delivery performance including: 
 

 Capacity Margin - refers to the degree that circuit elements are operating close to 
rated current or “ampacity.”   

 Power Delivery Losses –refers to the amount of energy lost due to conductor 
heating and transformer inefficiencies.   

 Voltage Regulation – the degree to which customer voltages are kept within 
acceptable ranges.   

 System Reliability –relates to the duration and frequency of sustained and 
momentary outages experienced by customers. 

 
The impact of solar generation on a distribution circuit is a function of the amount and 
location of the solar generation, as well as the characteristics of the distribution circuit itself.  
In order to quantify the impacts described above, a circuit-specific locational analysis based 
on engineering analysis was used.  This requires an electrical model of the distribution circuit 
being analyzed along with its load characteristics, together with a representation of the solar 
generation in order to compare how the circuit would operate with and without the solar 
generation. 
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Building this type of model for distribution impact analysis requires the following three 
steps: 
 

1. Obtain a connectivity model from the utility along with the key electrical 
characteristics of the distribution circuit, including the location of customer loads.   

2. Obtain circuit load data as a function of date and time (daily load curve).   
3. Obtain metering data for the relevant solar system sites as a function of date and 

time. 
 
The 2008 impact analysis focused on summer peak loading conditions since this is generally 
the most critical condition for distribution circuit operation and capacity planning purposes in 
California.  A summary of the individual case studies, as well as an overall evaluation of the 
distribution impacts observed in this analysis is provided below.  In Appendix B are graphs 
supporting these case studies. 
 
PG&E Case Studies  

Three circuits were selected from PG&E for the 2008 distribution system analysis.  Table 
4-14 summarizes the solar system capacity on the distribution circuits selected for the 2008 
PG&E analysis. 
 

Table 4-14:  Circuits Selected for PG&E Analysis 

Circuit 
Approximate Solar 

Capacity (kW) 
PG&E Circuit 1 251-499kW 
PG&E Circuit 2 100-250kW 
PG&E Circuit 3 500-1000kW 
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A summary of the circuit characteristics and the analysis results for the three PG&E circuits 
is shown below in Table 4-15.  
 

Table 4-15:  PG&E Locational Impact Summary 

Circuit 
PG&E 

Circuit 1 
PG&E 

Circuit 2 
PG&E 

Circuit 3 
        
Circuit Features       
Climate Inland Far Inland Inland 
Voltage (kV) 12.47 20.78 20.78 
     
Percent Load Mix (by kWh)    
Residential 43.8% 14.6% 26.1% 
Commercial 5.6% 11.5% 8.0% 
Industrial 50.4% 69.9% 65.9% 
Agriculture 0.1% 4.1% 0.0% 
Other 0.1% 0.0% 0.0% 
     
Peak Circuit Load Characteristics    
2008 Summer Peak MW 7.3 11.3 14.1 
2008 Summer Peak Day 20-Jun 28-Aug 18-Jun 
2008 Summer Peak Time 14:00 17:00 18:00 
     
Circuit Power Flow Characteristics    
Peak Percent Primary Power Loss 4.724% 1.577% 1.149% 
Maximum Voltage Drop (w/o solar) 11.4176% 4.1238% 2.9048% 
Maximum Voltage Drop (with solar) 11.3785% 4.0571% 2.8857% 
        
Locational Impacts at 2008 Summer Peak       
Solar Contribution to Peak Load (kW) 347 69.8 313 
Percent Peak Contribution 4.75% 0.62% 2.22% 
kW Peak Loss Reduction 19.8 2.8 6.12 
Percent kW Peak Loss Reduction 5.5% 1.5% 3.7% 
Daily Net Energy Reduction on existing 
facilities (kWh) 3223 1021 7813 
Percent Net Energy Reduction 2.12% 0.53% 3.07% 
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SCE Case Studies 

Four circuits from SCE were selected for the 2008 distribution system impact analysis.  
Table 4-16 summarizes the solar system capacity on the distribution circuits selected for the 
2008 SCE distribution system analysis. 
 

Table 4-16:  Circuit Selection 

Circuit 
Approximate Solar 

Capacity (kW) 
SCE Circuit 1 500-1,000kW 
SCE Circuit 2 250-499kW 
SCE Circuit 3 250-499kW 
SCE Circuit 4 50-100kW 
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A summary of the circuit characteristics and the analysis results for the four SCE circuits is 
shown below in Table 4-17. 
 

Table 4-17:  SCE Locational Impact Summary 

Circuit 
SCE 

Circuit 1 
SCE 

Circuit 2 
SCE 

Circuit 3 
SCE 

Circuit 4 
      
Circuit Features     
Climate Inland Coastal Far Inland Inland 
Voltage (kV) 12 kV 12 kV 33 kV 12 kV 
      
Percent Load Mix (by kWh)     
Residential 9.85% 25.38% 1.66% 13.80% 
Commercial 84.66% 71.46% 95.84% 71.82% 
Industrial 5.44% 0.0% 1.92% 5.29% 
Agriculture 0.04% 0.0% 0.57% 8.90% 
Other 0.01% 3.16% 0.03% 0.19% 
      
Peak Circuit Load 
Characteristics     
2008 Summer Peak MW 8.07 6.5 7.5 7.7 
2008 Summer Peak Day 20-Jun 1-Oct 27-Jun 10-Jul 
2008 Summer Peak Time 16:00 16:00 16:00 18:00 
      
Circuit Power Flow 
Characteristics     
Peak Percent Primary Power Loss 1.47% 1.01% 1.50% 5.84% 
Maximum Voltage Drop (w/o solar) 3.38% 1.76% 2.83% 10.87% 
Maximum Voltage Drop (with solar) 3.31% 1.75% 2.76% 10.86% 
      
Locational Impacts at 2008 
Summer Peak     
Solar Contribution to Peak Load (kW) 395 119 145 3.5 
Percent Peak Contribution 4.895% 1.836% 1.93% 0.045% 
kW Peak Loss Reduction 11.0 2.8 6.2 1.8 
Percent kW Peak Loss Reduction 9.30% 4.24% 5.47% 0.39% 
Daily Net Energy Reduction on existing 
facilities (kWh) 4794 1835 2765 507 
Percent Net Energy Reduction 3.48% 1.55% 2.45% 0.36% 
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SDG&E Case Studies 

For the 2008 analysis, the solar system capacity of the five SDG&E feeder circuits that were 
analyzed is shown below in Table 4-18. 
 

Table 4-18:  Circuit Selection 

SDG&E Circuit 

Approximate 
Solar Capacity 
On peak (kW) 

SDG&E circuit 1 250-499 kW 
SDG&E circuit 2 250-499 kW 
SDG&E circuit 3 100-249 kW 
SDG&E circuit 4 100-249 kW 
SDG&E circuit 5 500-1,000 kW 
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A summary of the circuit characteristics and the analysis results for the five SDG&E circuits 
is shown below in Table 4-19. 
  

Table 4-19:  SDG&E Locational Impact Summary 

Circuit 
SDG&E 
Circuit 1 

SDG&E 
Circuit 2 

SDG&E 
Circuit 3 

SDG&E 
Circuit 4 

SDG&E 
Circuit 5 

       
Circuit Features      
Climate Inland Coastal Coastal Inland Inland 
Voltage (kV) 12.47 12.47 12.47 12.47 12.47 
Circuit Length (Total miles) 39.46 26.26 3.43 30.54 9.36 
       
Percent Load Mix (by kWh)      
Residential 58% 17% 0.0% 36% 0.0% 
Commercial 39% 49% 38% 44% 84% 
Industrial 3% 34% 62% 20% 16% 
Agriculture 0.0% 0.0% 0.0% 0.0% 0.0% 
Other 0.0% 0.0% 0.0% 0.0% 0.0% 
       
Peak Circuit Load 
Characteristics  

    

2008 Summer Peak MW 9.964 8.611 9.174 11.841 7.436 
2008 Summer Peak Day 3-Sep 3-Sep 3-Sep 3-Sep 3-Sep 
2008 Summer Peak Time 14:00 20:00 14:00 22:00 15:00 
       
Circuit Power Flow 
Characteristics    

  

Peak Percent Primary Power Loss 0.595% 4.818% 0.769% 2.33% 0.693% 
Maximum Percent Voltage Drop 2.63% 14.46% 2.69% 7.53% 2.62% 
       
Locational Impacts at 2008 
Summer Peak      
Solar Contribution to Peak Load 
(kW) 366 258 218 148 595 
Percent Peak Contribution 3.67% 2.996% 2.376% 1.25% 8.0% 
kW Peak Loss Reduction 2 1 2 0.21 6 
Percent kW Peak Loss Reduction 3.39% 0.241% 2.817% 0.08% 11.54% 
Percent Net Energy Reduction 1.81% 3.361% 1.477% 1.075% 7.14% 
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Distribution Impact Analysis Conclusions 

Based on the set of 2008 distribution case studies performed, the CSI solar impacts varied 
significantly from circuit to circuit.  The extent of the solar system impacts on individual 
circuits is a function of the individual project size and location, and the characteristics of the 
host circuit including its load mix (residential, commercial, industrial, agricultural), circuit 
location (e.g., climate zone), daily circuit demand curve, circuit length, and other factors.  
These results are summarized in the preceding tables for the 12 circuits analyzed in the 2008 
case studies.  As solar system penetrations continue to increase, distribution circuit impacts 
in general will become more pronounced. 
 
As expected, the CSI solar systems reduced the capacity and energy needs on each circuit 
(e.g., the net requirement as seen from the utility distribution substation that supplied each 
circuit).  The average impact of CSI generation on circuit peak capacity requirements and 
circuit daily energy requirements was approximately 2.5 percent for the 12 circuits analyzed.  
However, the percent of peak circuit demand served by these CSI solar projects ranged from 
zero to 7.5 percent.  Likewise, the percent of individual circuit total energy requirements 
served by the systems generation ranged from a minimum of 0.5 percent up to a maximum of 
7.1 percent on the peak summer day.  On a percent basis, both the capacity and energy 
impacts would be higher on non-peak days, but only peak days were addressed in the 2008 
case studies. 
 
In most of the case studies performed, peak solar output did not coincide with the circuit 
peak load.  Peak solar project output typically occurred from mid-morning to mid-afternoon 
in the summer, while the circuit peak demand occurred as early as 14:00 hours and as late as 
22:00 hours.  Due in large part to this non-coincidence, actual solar generation impact on the 
host distribution circuit was generally less than the solar generator capacity alone would 
suggest. 
 
The load profile of a circuit has a significant impact on the likelihood and degree of 
coincidence between the solar system output and circuit peak daily demand.  Circuits with a 
higher percentage residential load mix tend to shift the peak of the daily demand curve to 
later in the day, reducing the likelihood coincident peaking.  This has no effect on the kWh 
provided by the solar systems but does reduce the amount of peak circuit capacity that is 
released by the presence of the CSI solar generation. 
 
Other than the affect of residential load on the degree of coincidence between solar output 
and summer peak circuit load, no other significant correlations were identified in the 12 
distribution circuit case studies performed for 2008. 
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Appendix A 
 
Methodologies 

 
The data sources for the evaluation impact report were described in Section 3.  Program 
impact estimates and the uncertainty in those estimates were presented in Section 4.  This 
appendix describes data analysis methodology including the bases of the impact estimates 
and uncertainty characterizations.   
 
 
A.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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A.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 include 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 
an output capacity class of large commercial versus residential and small commercial (small 
commercial defined as less than 10 kW), a locale category (coastal or inland), and a module 
configuration category (flat, tilted, or tracking).   
 
All estimated hourly impacts were based on no fewer than two metered observations of the 
same technology and fuel type.  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 one or more of the other PAs were included until there were at least two metered 
observations for the same hour.  For example, metered data from SCE could be used to 
estimate impacts for similar systems at the same hour for CCSE unmetered systems when too 
few metered observations existed from CCSE systems alone.  If there still were fewer than 
two metered observations, then data from PG&E were allowed to be used.     
 
Estimation of impacts using metered data aggregated over multiple strata was necessary for 
fewer than 10 percent of the system hours (weighted by online capacity.)  
 
The inclusion of metered data from other PAs and dissimilar systems did not always satisfy 
the minimum requirement of two metered observations for the same hour of the year in early 
2007.  In these cases the metered data were restricted again to the same strata but the time 
component of the metered data was allowed to include same hours of the day from like 
weekday types (weekday or weekend) from the same month.  For example, an hourly 
estimate for 3:00 to 4:00 P.M. on Monday, July 24, 2007 for a Large Commercial, inland, 
tilted system administered by SCE might be based on metered observations from Large 
Commercial, inland, tilted systems administered by SCE for 3:00 to 4:00 P.M. on Monday, 
July 24, 2008.   
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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: 
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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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A.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% confidence interval for the estimate of total impacts 
is: 

sdhnsdh SEtEB
sdh

=  
 
An approximate 90% 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 Program Administrators for individual hours).  In other cases summary results 
were calculated for combinations of hours (e.g., all of 2008).  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. 
 
Metered data sets available for EPBB and small PV systems were not sufficiently complete 
to support direct implementation of the above relationship.  The incidence of gaps in the 
metered data prevented reliable calculation of meaningful covariance values.  Instead, 
approximate error bounds for energy production estimates were calculated as the sum of the 
error bounds of the individual-hour power output estimates comprising the energy production 
estimate: 
 

∑= sdhs EBEB  
 
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 
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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  

 
 
A.4  Resource Adequacy 
Program impacts presented in Section 4 include an estimate of an equivalent Net Qualifying 
Capacity (NQC,) for each month of 2008.  The approach to estimate those impacts largely 
follows that outlined by the Energy Division of the CPUC in late 20092, which can be found 
in Section A.5. 
 
In the last two steps of Section 9 of Qualifying Capacity Methodology, the CPUC 
methodology specifies that new resources, which do not have the complete 36 months of 
data, be given calculated QCs for any month(s) which they do have data.  For each month 
that a new wind (solar) resource does not have an initial QC and resource diversity benefit, it 
receives a calculated QC value based on the performance (i.e. calculated QC) of all wind 
(solar) resources that existed during that month.  This value is the average calculated QC as a 
fraction of nameplate capacity of all of the wind (solar) resources in that month.  This value 
is multiplied by the nameplate capacity of the new resource.     
 
However, published qualifying capacity data for solar generation are currently only available 
for the large CSP trough systems that use single axis horizontal tracking and, therefore, 
would not serve as a good source to estimate an equivalent qualifying capacity for the fixed 
PV systems that dominate the CSI program.  Rather than use solar data from those CSP sites 
or other programs such as the Self Generation Incentive Program, Itron chose to develop a 
single year (2008) set of monthly qualifying capacities for the CSI program with each site 
defined as an individual resource.   
 
The equivalent net qualifying capacity for each measured systems within each strata was 
calculated.  A ratio of equivalent net qualifying capacity to installed capacity was calculated 
for each strata for each month based on metered systems and was then used to estimate the 
equivalent NQC for the unmetered systems within each strata. 
 

                                                 
2  Dudney et al, Qualifying Capacity Methodology, CPUC Energy Division report December 18, 2009 

http://www.cpuc.ca.gov/NR/rdonlyres/AC234508-FD4E-4B58-AA63-
E0302BF64DD9/0/QualifyingCapacityRulesFinal.doc 
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A.5  Qualifying Capacity Methodology 



  Page 0 of 27 

 

 

 
 

Qualifying Capacity Methodology 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Prepared by 

Kevin Dudney, Robert Strauss, Donald Brooks, and Jamie Gannon 

CPUC Energy Division 

December 18, 2009



  Page 1 of 27 

 

1. Table of Contents 
1. Table of Contents ____________________________________________________________ 1 
2. Introduction ________________________________________________________________ 1 

2.1. Guide to this Document __________________________________________________ 2 
3. Resource Classification _______________________________________________________ 2 

3.1. Proposed Changes _______________________________________________________ 3 
The current and proposed classification list is included in _________________________________ 3 
4. Deliverability _______________________________________________________________ 5 
5. Data Conventions ____________________________________________________________ 7 
6. Outages and QC Calculation ___________________________________________________ 7 

6.1. Proposed Clarification ___________________________________________________ 9 
7. Dispatchable Generation _____________________________________________________ 10 
8. Hydro ____________________________________________________________________ 10 

8.1. Proposed Revisions to Hydro Methodology __________________________________ 11 
9. Wind and Solar _____________________________________________________________ 12 

9.1. Proposed Revisions for Measuring Nameplate Capacity ________________________ 16 
9.2. Proposed Revisions so that QC Cannot Exceed 100% __________________________ 17 

10. Non-Dispatchable Resources ________________________________________________ 19 
10.1. Proposal for New Non-Dispatchable Resources _______________________________ 20 
10.2. Proposal to Change Hours for Non-Dispatchable Resources _____________________ 20 
10.3. Proposed Text of Section 10 ______________________________________________ 20 

11. Demand Response (DR) ___________________________________________________ 21 
11.1. Proposal to Change Included Hours for Demand Response ______________________ 25 

12. Acknowledgements _______________________________________________________ 25 
13. Acronym List ____________________________________________________________ 26 
 

2. Introduction 
This report describes the current net qualifying capacity (NQC) counting rules of 

the California Public Utilities Commission (CPUC), the methodology for implementing 

these rules, and certain proposed changes to the rules or implementation.  Each year, 

CPUC staff works with the California Energy Resources Conservation and Development 

Commission (Energy Commission) and California Independent System Operator 

(California ISO) to publish an NQC list which describes the amount of capacity that can 

be counted from each resource toward meeting Resource Adequacy (RA) requirements in 

the CPUC’s RA program.  The qualifying capacity (QC) of each resource is set by the 

methodologies described in this document; then if it’s QC is not fully deliverable to 

aggregate California ISO load, it is adjusted to its deliverable capacity resulting in its 

NQC.  For purposes of this report, the term ‘resource’ is used to refer to a generator that 
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has a resource ID on the Master CAISO Control Area Generation Capability List 

(Generation Capability List).1   

2.1.  Guide to this Document 
Sections 3 through 6 describe issues relevant to a variety of resource 

classifications.  Sections 7 through 11 provide details on the specific calculation 

methodologies for each of the resource types described in Section 3, Resource 

Classification.  Section 4, Deliverability describes California ISO’s methodology for 

assessing the deliverability of generating resources and how Deliverability Assessment 

impacts NQC.  Section 5 lists certain data conventions used in calculating QC.  Section 6 

discusses the treatment of outages in QC calculations.   

Many sections of this document include a proposed modification as a subsection.   

In these cases, the main text of the section describes the currently implemented 

methodology, and the subsection describes the proposed modifications.  Energy Division 

proposes, that after appropriate consideration, the Commission adopt a final version of 

this document with any adopted changes incorporated and rejected proposals deleted. 

The appendices to this report are presented in a separate file.   

3. Resource Classification 
CPUC staff coordinates with California ISO and Energy Commission staff each 

year to group resources, by California ISO scheduling resource ID (CAISO ID), into the 

classifications described below.  Classification is based on the dispatchability and 

technology type of the resource.  Primary guidance comes from the most recent available 

Generation Capability List.  Classification for QC calculation does not consider 

Qualifying Facility status.  Demand response resources are not listed on the Generation 

Capability List; these resources are addressed in Section 11.   

First, some resources are selected and classified according to the “ISO 

Classification” column in the Generation Capability List.  Resources listed as wind are 

classified as wind, and solar resources are classified as solar.  The wind and solar 

classifications receive QC according to the methodology described in Section 9.  

                                                 
1 http://www.caiso.com/14d4/14d4c4ff59780.html 
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Resources listed as hydro are classified as hydro resources.  Hydro resources receive QC 

according to the methodology described in Section 8.   

Second, the remaining resources are grouped according to dispatchability.  A 

resource listed as a “Participating Unit” on the Generation Capability List is considered 

dispatchable.  Resources with a Participating Generator Agreement with California ISO 

are therefore considered dispatchable.  These resources receive QC according to the 

methodology described in Section 7.  This classification includes a variety of 

technologies: steam turbines; combustion turbines; combined cycles; reciprocating 

engines; and dispatchable cogeneration, biomass and geothermal. 

Finally, the remaining resources are considered non-dispatchable and receive QC 

according to the methodology described in Section 10.   

3.1. Proposed Changes  
CPUC staff and California ISO staff agree that the current classification 

methodology is prone to error.  In particular, a Participating Generator Agreement is not 

an accurate indication of whether or not a resource is dispatchable.   

Energy Division proposes that each year, when the preliminary NQC list is posted 

to the CAISO and CPUC websites for the following year, the list will include the current 

classification of each resource.  Then, stakeholders will be asked to comment on the 

proposed list.  In the event of a discrepancy, stakeholders shall provide appropriate 

support (such as confirmation from the scheduling coordinator that the resource is or is 

not dispatchable) for their proposed classification.  The resulting final classification list 

will then be used for the final QC and NQC calculations.  This approach is not expected 

to cause significant administrative burden for Energy Division, California ISO, or 

stakeholders because resource classifications are generally static.   

The current and proposed classification list is included in  
.  This list represents the classification used for the 2010 QC calculation process 

and serves as the initial, proposed classification list for 2011 QC calculation.   

Energy Division requests that any stakeholders who believe that certain resources 

are incorrectly classified on the preliminary NQC list should provide Energy Division 
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and California ISO staff notice of proposed changes within 30 calendar days of the 

publication of the preliminary NQC list.   

Further, as described in Section 8.1, Energy Division is proposing certain changes 

to the hydro methodology and corresponding changes to the classification process for 

hydro resources.  Energy Division specifically proposes that Section 3 shall read as 

follows: 

“CPUC staff coordinates with California ISO and Energy Commission 

staff each year to group resources, by California ISO scheduling resource ID 

(CAISO ID), into the classifications described below.  Classification is based on 

the dispatchability and technology type of the resource.  Primary guidance comes 

from the most recent available Generation Capability List.  Classification for QC 

calculation does not consider Qualifying Facility status.  Demand response 

resources are not listed on the Generation Capability List; these resources are 

addressed in Section11.   

First, some resources are selected and classified according to the “ISO 

Classification” column.  Resources listed as wind are classified as wind, and solar 

resources are classified as solar.  The wind and solar classifications receive QC 

according to the methodology described in Section 9.  Resources listed as hydro 

are classified as hydro resources.  Hydro resources are sub-classified by 

dispatchability, as described below.  Each year, Energy Division and California 

ISO publish a preliminary NQC list of all resources, including the proposed 

classification of each resource.  Resource owners and Scheduling Coordinators 

(SCs) may suggest changes to the classification of their resources; stakeholders 

suggesting a change should provide appropriate support for their proposed change 

such as confirmation from the SC that the resource is dispatchable.  On this 

preliminary list, hydro and other remaining resources are grouped according to 

dispatchability.  Hydro resources may be listed as either “dispatchable hydro” or 

“non-dispatchable hydro”.  Hydro resources that are dispatchable by the SC or 

California ISO are classified as dispatchable hydro.  The remaining resources (i.e. 

resources that are not demand response, wind, solar, or hydro) are also grouped by 

dispatchability.  Resources that are dispatchable by the SC or California ISO are 
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classified as dispatchable generation.  Dispatchable generation resources 

including dispatchable hydro resources receive QC according to the methodology 

described in Section 7.  This classification includes a variety of technologies: 

steam turbines; combustion turbines; combined cycles; reciprocating engines; and 

dispatchable cogeneration, biomass and geothermal.  Again, status as a use 

limited resource does not prevent a unit from being classified as dispatchable.   

Finally, the remaining resources are classified as other non-dispatchable 

resources.  Non-dispatchable hydro and other non-dispatchable resources receive 

QC according to the methodology described in Section 10.” 

4. Deliverability 
Deliverability is the ability of the output of a generating resource to be delivered 

to aggregate load.  The only difference between QC and NQC is the deliverability of the 

resource to aggregate California ISO load.  If a resource’s QC exceeds its deliverable 

capacity as determined by California ISO Deliverability Assessments, its NQC is 

adjusted to its deliverable capacity.  In many cases, a resource is fully deliverable and 

there is no difference between QC and NQC.   

California ISO assesses the deliverability of new and existing resources two to 

three times per year; a Deliverability Assessment is a required part of the Large 

Generator Interconnection Procedures (LGIP).2  Existing resources retain priority for 

deliverability over new resources and resources are not expected3 to lose deliverability 

rights unless the resource is unable to produce its deliverable capacity for at least three 

consecutive years.  The deliverability study provides new resources with information to 

understand which network upgrades are necessary to achieve full deliverability.   

The ability of the output from a new generation project and existing generation to 

be delivered to aggregate load within California ISO during a resource shortage condition 

                                                 
2 See Appendix U of the California ISO Tariff: http://www.caiso.com/2471/2471994c26350.pdf.  See also: 
Section 5.1.3.4 of CAISO’s Business Practice Manual for Reliability Requirements: 
https://bpm.caiso.com/bpm/bpm/version/000000000000011   
3 The exception to this rule is reduction in deliverability caused by any degradations of the transmission 
system which are not repaired promptly, for example due to fires or other force majeure events.    
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is evaluated pursuant to the ISO’s LGIP and the California ISO Deliverability 

Assessment Methodology posted on the California ISO’s website.4  

The California ISO Tariff defines a generation project’s deliverability as one of 

two discrete states:  Full Capacity Deliverability Status and Energy-Only Deliverability 

Status.  The NQC value of any Energy-Only facility is deemed to be zero. 5  Therefore, a 

generation resource’s Deliverability Study Value is typically either 100% or 0% of its 

QC.  However, it is possible that a very few projects that submitted interconnection 

requests prior to the reformation of the LGIP could have a deliverability level between 

100% and 0%.  There is also a remote possibility that the deliverability of existing 

resources could degrade substantially below 100% deliverable and as a result their 

deliverability level would need to be reduced accordingly.  As of August 6, 2009, all 

generation resources were deliverable to 100% of their QC value.  However, at that time, 

there were approximately 10,000 MW of energy only interconnection requests in the 

current California ISO interconnection queue.  The California ISO Tariff defines Energy-

Only connection resources to have an NQC of zero.  Therefore, it is likely that, as these 

resources achieve commercial operation, many of them will have an NQC equal to zero.   

The base case for the deliverability study is updated each year.  Deliverability 

studies model peak demand periods and assume that all generating resources are 

dispatched to meet demand.  The base case also assumes that sufficient generation is 

available within load pockets.  Dispatch and outage contingency scenarios are also 

studied.  Generation costs are not considered in the deliverability studies.  A finding of 

deliverability does not ensure that a resource will not experience congestion, especially 

during non-peak periods.  The deliverability study models a five-year planning horizon.   

Not all new resources use the LGIP.  Some resources connected to the 

transmission system with nameplate capacity 20 MW or less use the Small Generator 

Interconnection Procedure (SGIP).  The SGIP does not include a Deliverability 

Assessment and resources that use SGIP have an NQC equal to zero.6  Other small 

resources that are connected to the distribution system may use a Small Generator 

                                                 
4 http://www.caiso.com/23d7/23d7e41c14580.pdf 
5 CAISO Tariff Appendix A, Fourth Replacement Volume No. 2, Sheet No. 863: 
http://www.caiso.com/2471/2471974a121c0.pdf 
6 See Appendix S to the California ISO Tariff: http://www.caiso.com/2471/247198fe24690.pdf 
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Interconnection Agreement (SGIA) with the distribution system owner.  These SGIAs 

include deliverability assessments which are accepted by California ISO.  Therefore, 

these resources can be deliverable up to 100% their QC.   

5. Data Conventions 
This section lists certain conventions used by the staffs of the CPUC, California 

ISO, and Energy Commission in dealing with the data in the QC calculation process: 

• For wind, solar, and other non-dispatchable resources, historical production 

data is used.  This data is obtained by subpoena from CPUC to California 

ISO; CPUC subpoenas data for specific resource IDs in these classifications 

from the classification list.  CPUC subpoenas hourly “Actual Settlement 

Quality Meter Data” describes the production profile for each resource.  The 

production is measured in MWh produced per hour.  This data represents the 

average generation (MW) over each hour and does not provide any 

information about intra-hour variation in generation.   

• New wind, solar, and other non-dispatchable resources are considered to begin 

operation in the first month the resource operated before the 15th day.  A 

resource that began producing on the 16th (or later) day of a month is 

considered to begin operation during the following month.  The first positive 

values in the Actual Settlement Quality Meter Data are the sign that a resource 

began producing. Under this convention, no distinction is made between zero 

values due to a discontinuation of operation versus zero production during the 

normal course of operation (e.g. due to lack of fuel such as wind).   

6. Outages and QC Calculation 
This section describes how past outages may impact the QC of some resources; it 

does not describe how California ISO schedules and approves outages or how SCs should 

report outages.  

Scheduled outages greater than 25% of days in a month reduce the amount of 

NQC that a resource can count for RA during that month; this rule is referred to as the 
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scheduled outage criterion.7  For resource types whose NQC is derived from historical 

data,8 proxy data is generated to replace data during any scheduled outages of sufficient 

duration to trigger the scheduled outage criterion.9  These resource classifications include 

non-dispatchable wind, solar, biomass, cogeneration, and geothermal resources.  

Scheduled outages that only partially reduce the output of the resource are treated the 

same as outages with zero output; therefore, production during a scheduled outage has no 

impact on the calculated QC.  Historical data is not corrected for forced or ambient 

outages in the QC calculation.   

In order to generate the set of scheduled outages to be “corrected” California ISO 

retrieves data from Scheduling and Logging for ISO of California (SLIC) system.10  First, 

CPUC provides a list of resources to California ISO to include in its query.  Then, for 

each calendar month within the three calendar years used for calculations, California ISO 

queries SLIC for all outages of outage type “PLANNED” (neither “FORCED” nor 

“AMBIENT” outages are included) with a duration greater than seven days.   Other 

criteria for the data query are: 

• Process Status: "APPROVED", "OUT", "REQUESTED" , "SCHEDULED", or 

"INSERVICE" (INSERVICE status is necessary to pull historical data since status 

changes to INSERVICE after outage is over) 

• Resource type: “GENERATOR” 

• Outage mode: “DERATE” 

After receiving the description of the outages from California ISO, the CPUC and 

Energy Commission remove the data during the outages and develop replacement proxy 

data.  For each outage hour, the values for the same hour on the same calendar day for 

other years in the data set are averaged.  This average value is inserted as the proxy value.  

The average includes all values in the data set, for the appropriate day and hour, which 

are not marked as a scheduled outage subject to the scheduled outage criterion.  

                                                 
7 The scheduled outage criterion was adopted by D.06-07-031.  For more information, see Section 13 of the 
2010 RA Guide: http://www.cpuc.ca.gov/NR/rdonlyres/14DFD39E-40C6-4FAF-8C36-
38F8708BC23A/0/RAGuide2010.doc 
8 See Sections 9 and 10 
9 D.09-06-028, pg 29 
10 For more information about SLIC, see: 
http://www.caiso.com/docs/2005/10/28/200510281047542112.html 
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Therefore, if there were overlapping outages in two out of three years (i.e. outages during 

two years covered some of the same hours), all three years would receive the value of the 

remaining year for the hours marked as outage during both years.  If an outage exists at 

the same time period for all three years, that hour is excluded from the QC calculation.11   

Table 1 shows an example for this calculation.  The resource had a scheduled 

outage, which triggered the criterion, in year 3 including all hours of March 7.  Note that 

the production values during the outage (i.e. in year 3) do not affect the proxy values.   

Date Hour 
Year 1 
(MWh) 

Year 2 
(MWh) 

Year 3 
(MWh) 

Average 
(MWh), 
Years 1 - 2 

Average 
(MWh), 
Years 1 -3 

Proxy Value 
(MWh) - Year 3 

7-Mar 1 50 53 16 51.5 39.7 51.5 
7-Mar 2 51 54 15 52.5 40 52.5 
7-Mar 3 50 52 17 51 39.7 51 
7-Mar 4 52 50 16 51 39.3 51 
7-Mar 5 55 53 17 54 41.7 54 
7-Mar 6 60 63 18 61.5 47 61.5 
7-Mar 7 70 65 16 67.5 50.3 67.5 
7-Mar 8 71 70 17 70.5 52.7 70.5 
7-Mar 9 72 75 18 73.5 55 73.5 
7-Mar 10 72 74 17 73 54.3 73 
7-Mar 11 74 72 16 73 54 73 
7-Mar 12 74 73 20 73.5 55.7 73.5 
7-Mar 13 75 77 19 76 57 76 
7-Mar 14 74 76 18 75 56 75 
7-Mar 15 76 72 19 74 55.7 74 
7-Mar 16 75 73 19 74 55.7 74 
7-Mar 17 75 78 18 76.5 57 76.5 
7-Mar 18 74 75 20 74.5 56.3 74.5 
7-Mar 19 70 73 19 71.5 54 71.5 
7-Mar 20 68 69 18 68.5 51.7 68.5 
7-Mar 21 65 67 19 66 50.3 66 
7-Mar 22 63 65 18 64 48.7 64 
7-Mar 23 60 62 18 61 46.7 61 
7-Mar 24 58 59 18 58.5 45 58.5 

Table 1.  Example of Proxy Data 

6.1. Proposed Clarification 
Energy Division believes the CPUC’s intent in adopting the scheduled outage 

correction methodology is to apply the methodology to all resources whose QC is derived 
                                                 
11 See Error! Reference source not found. 
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from historical data by an averaging or exceedance methodology.  This includes non-

dispatchable wind, solar, biomass, cogeneration, and geothermal resources.  Energy 

Division does not propose any changes to the text of Section 6 as a result of this 

clarification.   

7. Dispatchable Generation  
Dispatchable generation resources receive NQC values based on their available 

capacity,12 subject to the checks described in Section 4, Deliverability.  The Scheduling 

Coordinator (SC) of the resource submits a proposed QC value to the California ISO, 

along with a reference to the resource’s most recent maximum power plant output 

(PMax) test13 that is in California ISO’s master file.  This information is submitted to 

California ISO in a standard format;14  California ISO checks the submitted value for 

consistency with the PMax and maximum deliverable capacity.  If the proposed QC value 

is less than or equal to the PMax and the maximum deliverable capacity, it is accepted for 

the NQC value.  If not, the previous NQC value is retained.  The SC may coordinate with 

California ISO to update the PMax test or supply other information as requested by 

California ISO in order to determine an acceptable change to NQC.  At the time each 

compliance year’s NQC list is published, California ISO checks that each NQC is less 

than or equal to the most recent PMax for the resource.   

8. Hydro 
The QC of hydro resources is based on NDC, derated for scheduled outages and 

the capacity available during a 1-in-5 dry year.  There are two basic categories:  

dispatchable and run-of-river.   

For dispatchable (a.k.a. “pondage”) hydro units, the formula adopted in the 2004 

“Workshop Report on Resource Adequacy Issues”15 is:   

                                                 
12 See also, Section 5 of CAISO’s Business Practice Manual for Reliability Requirements: 
https://bpm.caiso.com/bpm/bpm/version/000000000000011 
13 California ISO coordinates with SCs for resources to schedule PMax tests at a time selected by the SC.  
Generally, SCs select the timing of a PMax test to demonstrate output of the resource at or near its 
maximum possible output.   
14 See: http://www.caiso.com/1796/179697c864850.xls 
15 http://www.cpuc.ca.gov/NR/rdonlyres/C61CB838-E9BB-4CE2-AEB3-
63DB955E2EF8/0/RAWorkshopReport2004.doc.  Note that in the workshop report, both hydro equations 
also include placeholders for derates based on forced outages.  CPUC has not decided to adjust QC for 
forced outages, and this derate has never been applied to the QC of hydro resources.   
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adDerateVariableHeutagesScheduledONDCQC −−=  
Equation 1. QC of Dispatchable Hydro 

In the same report, the formula for run-of-river hydro is: 

FlowDerateutagesScheduledONDCQC −−=  
Equation 2.  QC of Run-of-River Hydro 

In both equations, the derate is based on the capacity available in a 1-in-5 dry 

year.  No reference table to look up these derate values is currently in use.  Therefore, as 

implemented, there is no significant difference between these two equations.  The 

scheduled outages derate is operationalized by the scheduled outage counting convention 

described in Section 6 in RA filings; the published QC of hydro resources is not adjusted 

for scheduled outages.   

In order to implement the intent of these counting rules, Energy Division sends a 

data request to the three major investor owned utilities.  Energy Division requests the 

monthly capacity available from each resource, by resource ID, for calendar year 1991.  

In the event that 1991 data is not available, Energy Division requests that the utilities 

provide data from a 1-in-5 dry year and a justification for selecting that year.   

Responses to the data request provide 1991 capacity values for most resources; 

responses provide 2008 data for all other resources.  Both 1991 and 2008 are reasonable 

1-in-5 dry years.16  The utility provided values are accepted as QC values.   

8.1.  Proposed Revisions to Hydro Methodology 
Although 1991 and 2008 data are reasonable representations of 1-in-5 dry years, 

Energy Division is concerned that the methodologies for determining monthly capacity 

available are inconsistent.  Further, Energy Commission analysis indicates that there is 

little derate of available capacity in 1-in-5 dry year conditions.17  Therefore, Energy 

Division proposes to use the dispatchable generation methodology (Section 7) for 

dispatchable-hydro resources and to use the non-dispatchable generation methodology 

(Section 10) for non-dispatchable hydro resources.  This change is noted in the proposed 

revisions to Section 3; Section 8 would be eliminated by this change.   

                                                 
16 Energy Division thanks Jim Woodward of the Energy Commission staff for suggesting these years.   
17 Presentation by Energy Commission staff, January 16, 2008, “Dependable Hydro Capacity: Summer 
2008 Electricity Supply and Demand Workshop” 
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9. Wind and Solar 
The QC of wind and solar resources is based on an exceedance methodology.18  

The exceedance approach measures the minimum amount of generation produced by the 

resource in a certain percentage of included hours.  For example, the mathematical 

concept of “median” is a special case of the exceedance concept, with the exceedance 

level set to 50%.  The exceedance level used to calculate the QC of wind and solar 

resources is 70%.  Another way to describe the exceedance level is that the 70% 

exceedance level of a resource’s production profile is the maximum generation amount 

that it produces at least 70% of the time.  The exceedance concept is depicted in Figure 1; 

while the median is not used in the wind and solar QC calculation, it is included in the 

diagram to provide context to the 70% exceedance.  The 70% exceedance value is shown 

as a blue horizontal line and the median is a purple horizontal line.   

 
Figure 1.  Conceptual Diagram of Exceedance19 

Intuitively, the exceedance calculation ranks all of the included hours by 

production and draws the initial QC from the value 70% of the way through the ranking 

(30% from the lowest value).  In practice, this could be achieved with the percentile 

                                                 
18 Adopted in D.09-06-028, Appendix C.   
19 The production profile in the figure is generated randomly and is not intended to represent any particular 
resource or classification of resources.   
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function in Excel, but for QC calculations the Statistical Analysis Software® (SAS)20 

PROC UNIVARIATE routine is used.21  Since in many cases, the precise 70th percentile 

falls between two values, interpolation between the two values surrounding the 70th 

percentile is needed.  The average, weighted by proximity to the 70th percentile, of the 

two values is used.22  In Figure 1, interpolation is not needed since there are exactly 100 

values in the data set and the 70th percentile corresponds to a discrete value in the data.  

The included hours for the wind and solar QC calculations are shown in Table 2.  

The included hours vary seasonally and are based on the time of system peak demand. 

Jan–Mar, Nov and Dec:  HE17 - HE2123 (4:00 p.m. - 9:00 p.m.) 

Apr–Oct:    HE14 - HE18 (1:00 p.m. - 6:00 p.m.) 
Table 2.  Included Hours for QC Calculations 

36 months of production data (Actual Settlement Quality Meter Data, as described 

in Section 4) are used for the QC calculation.  Staff uses the three most recent years of 

complete data available (i.e. for 2009 QC values, 2005-2007 data).  As noted below, most 

of the following steps are repeated for each of the 36 months; then the three years are 

averaged to result in 12 final monthly values.   

The first step in calculating QC of wind and solar resources is to calculate the 

70% exceedance for each time period.  This is called the Initial QC.  An initial QC is 

calculated for each resource for each of the 36 months.   

)]/(Pr[%70)( hMWhoductionicHourlyUnitSpecifExceedanceMWInitialQC =  
Equation 3.  Initial QC 

Differences in production profiles across different individual wind or solar 

resources are called diversity.  The exceedance of the sum of a diverse group of resources 

is always greater than or equal to the sum of the exceedances of the individual resources 

(i.e. the initial QCs).  Any difference between the exceedance of the sum and the sum of 

the initial QCs is called the diversity benefit.  The total benefit of diversity is the 

difference between the 70% exceedance of all wind and solar resources as a group and 

                                                 
20 For more information about SAS®, see: 
http://www.sas.com/technologies/analytics/statistics/stat/index.html 
21 See Error! Reference source not found. 
22 See the description of the PCTLDEF=1 at: 
http://support.sas.com/documentation/cdl/en/procstat/59629/HTML/default/procstat_univariate_sect028.ht
m 
23 HE indicates “hour ending”, or the 60 minutes that end at the numbered hour, in 24 hour time.  For 
example, HE17 indicates the 60 minutes beginning at 16:00 (i.e. 4:00 p.m.) and ending at 16:59.    
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the sum of the initial QCs of all individual resources.  The system diversity benefit is 

calculated for each of the 36 months.   

∑∑ −⎥
⎦

⎤
⎢
⎣

⎡
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UnitsUnits
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Equation 4.  System Diversity Benefit 
The benefits of resource diversity are allocated to all wind and solar resources on 

the basis of energy produced during included hours.  Each resource’s diversity share is 

calculated as the kWh produced during the included hours by that resource divided by the 

kWh produced by all wind and solar resources during the same time period.  The resource 

specific diversity benefit is the product of the resource diversity share and the system 

diversity benefit.  The resource diversity benefit is calculated for each resource for each 

of the 36 months.   
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Equation 5. Resource Diversity Share 

rsitySharesourceDiveitrsityBenefSystemDiveitrsityBenefsourceDive Re*Re =  
Equation 6.  Resource Diversity Benefit 

The sum of a resource diversity benefit and a corresponding initial QC is referred 

to as a calculated QC.  After the proceeding steps are completed, each existing resource 

has 36 initial QCs and 36 corresponding resource diversity benefits. Therefore, each 

existing resource has 36 calculated QCs.   

InitialQCitrsityBenefsourceDiveQCCalculated += Re  
Equation 7.  Calculated QC for Existing Resources 

New resources, which do not have the complete 36 months of data, have 

calculated QCs for any month(s) which they do have data.  For each month that a new 

wind (solar) resource does not have an initial QC and resource diversity benefit, it 

receives a calculated QC value based on the performance (i.e. calculated QC) of all wind 

(solar) resources that existed during that month.  This value is the average calculated QC 

as a fraction of nameplate capacity of all of the wind (solar) resources in that month.  

This value is multiplied by the nameplate capacity of the new resource.     
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Equation 8.  Calculated QC for New Resources 
 

Now each and every wind and solar resource has 36 QC calculated values.  To 

calculate the final 12 monthly QC values, the three corresponding months are averaged 

for each resource.  For example, the three January values are averaged to calculate the 

final January QC.   

3
∑

= nthSpecificMo
nthSpecificMo

QCCalculated
FinalQC  
Equation 9.  Final QC 

The preceding description is a conceptual approach to the calculations of wind 

and solar QC values.  In practice, the calculations are performed in a SAS® program.  

The SAS® program to perform the QC calculations proceeds in several steps:  

• Create a data set:  First, the data is imported.  Then, only relevant years are 

selected and hours other than the included hours described in Table 2 are removed.  If a 

resource has less than 15 days of data for its first month online, it is considered not to be 

online for that month and data is removed.  Next, scheduled outages are corrected as 

described in Section 6.    

• Calculate initial QCs and monthly total energy:  The initial QC is the 70% 

exceedance of each resource.  This exceedance calculation is done for each resource, for 

each month, of each year; this results in 36 calculated values per resource.  Monthly total 

energy during the included hours for each resource for each of the 36 months is also 

calculated.   

• Calculate state 70% exceedance and monthly total energy:  In order to 

calculate the exceedance of all wind and solar resources in the state as a group, the 

production of all resources during each hour (of all twelve months of three years) is 

summed.  Then, the 70% exceedance is calculated for these sums, resulting in 36 

calculated state exceedance values.  Finally, the hourly sums are summed on a monthly 

basis, creating 36 monthly total energy values.   
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• Calculate the sum of the initial QCs and the total diversity benefit:  For each 

of the 36 months, the initial QCs of all wind and solar resources are summed.  By 

subtracting these sums from the statewide exceedances, the total diversity benefit is 

calculated.   

• Allocate diversity benefits to specific resources:  The total diversity benefit for 

each of the 36 months is allocated to individual resources by multiplying the total 

diversity benefit by the fraction of the statewide total energy produced by each specific 

resource.   

• New resources receive state average:  New resources receive the state average 

wind or solar QC for any of the 36 months before they began operation.   

• Three years are averaged: For each of the twelve calendar months, each 

resource receives the average of its calculated QC for the three years.  For example, for a 

January final QC, a resource receives the average of the three Januaries studied, including 

the diversity benefits for existing resources and the state average for any Januaries before 

the resource’s first month of operation.     

9.1. Proposed Revisions for Measuring Nameplate Capacity 
For eight of 33 wind and solar resources, the maximum historical production 

exceeds the nameplate capacity, as recorded in the Generation Capability List.  Seven 

wind or solar resources have historical values that exceed their NDC according to the 

Generation Capability List.  Neither of the NDC or nameplate values is likely to 

meaningfully represent the actual installed and currently operational capacity of these 

resources.   

Energy Division proposes to use the 1st percentile exceedance value (i.e. the 

production that the resource exceeded in 1% of all hours) as a proxy for nameplate 

capacity, for existing resources.  Since the 1st percentile cannot be calculated for new 

resources and the NDC value is likely to be accurate for new resources, Energy Division 

proposes to use the NDC for the new resources.   

Specifically, Energy Division proposes to modify the paragraph in Section 9 that 

begins “New resources, which” and Equation 8 shall read as follows: 
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“New resources, which do not have the complete 36 months of data, have 

calculated QCs for any month(s) which they do have data.  For each month that a 

new wind (solar) resource does not have an initial QC and resource diversity 

benefit, it receives a calculated QC value based on the performance (i.e. 

calculated QC) of all wind (solar) resources that existed during that month.  This 

value is the average calculated QC as a fraction of the available capacity of all of 

the wind (solar) resources in that month. The available capacity is calculated as 

the 1st percentile exceedance value of all hours in the month.  This value is 

multiplied by the Net Dependable Capacity (NDC) of the new resource, as 

recorded in the Generation Capability List.   
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Equation 10.  Proposed Calculated QC for New Wind (Solar) Resources” 
 The SAS® code and description of the code shall also be modified accordingly.   

9.2.   Proposed Revisions so that QC Cannot Exceed 100%  
By the methodology described in Section 9, it is possible for some resources to 

receive a final QC that is greater than 100% of their maximum capacity (whether 

measured by nameplate or 1st percentile exceedance as proposed in Section 9.1).  In 

order to eliminate the possibility of this counterintuitive result, Energy Division proposes 

that no Calculated QC shall exceed the maximum capacity of the resource.  Any excess 

Resource Diversity Benefit shall be reallocated to other resources based on recalculated 

Resource Diversity Shares of all resources whose Calculated QC does not exceed 

maximum capacity.  Specifically, Energy Division proposes the following changes to 

Section 9, beginning with the paragraph stating “The benefits of resource diversity” and 

ending with Equation 7:  

“The benefits of resource diversity are allocated to all wind and solar 

resources on the basis of energy produced during included hours.  Each resource’s 

diversity share is calculated as the kWh produced during the included hours by 

that resource divided by the kWh produced by all wind and solar resources during 

the same time period.  The resource specific diversity benefit is the product of the 
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resource diversity share and the system diversity benefit.  No resource may have a 

calculated QC that exceeds its maximum capacity (maximum capacity is the 1st 

percentile exceedance of the resources production during all hours of the month).  

Therefore, this process is repeated in “passes” (for each of the 36 months) until 

the entire system diversity benefit (for the month) is allocated to specific 

resources and no resources have calculated QC greater than maximum capacity.  

For the first pass, all resources are included, but in any passes after the first, only 

resources with calculated QCs from the previous pass that are less than maximum 

capacity.  The resource diversity benefit is calculated for each resource for each of 

the 36 months.  It is possible that some of the 36 months may require multiple 

passes while other months require only a single pass.   
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Equation 11. Resource Diversity Share 

PassPassPass rsitySharesourceDiveitrsityBenefSystemDiveitrsityBenefsourceDive Re*Re =
 
Equation 12.  Resource Diversity Benefit 

The sum of a resource diversity benefit and a corresponding initial QC is 

referred to as a calculated QC.  As noted above, the calculated QC cannot exceed 

the maximum capacity.  If the calculated QC would exceed the maximum 

capacity, the calculated QC is set to the maximum capacity and the amount of the 

resource diversity benefit that is beyond the maximum capacity is considered the 

residual resource diversity benefit.  The residual resource diversity benefits of all 

resources are summed to become the system diversity benefit used in the 

following pass.  For the first pass, the initial QCs are used in Equation 13 for the 

calculated QC of the previous pass (i.e. CalculatedQCPass-1).    
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Equation 13.  Calculated QC for Existing Resources 
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Equation 14.  System Diversity Benefit for Pass 2 and any later Passes 
If Equation 14 yields a positive system diversity benefit, a new pass is 

initiated, beginning with Equation 11.  Only the resources which have a calculated 

QC less than maximum capacity from the just completed pass are included in the 

calculations during the new pass.   

After the proceeding steps are completed, each existing resource has 36 

initial QCs and 36 corresponding resource diversity benefits. Therefore, each 

existing resource has 36 calculated QCs.” 

The SAS® code and description of the code shall also be modified accordingly.   

10. Non-Dispatchable Resources 
Non-dispatchable generation resources24 not described in previous sections 

receive single, annual QC values based on a three-year rolling average of production 

during certain hours25.  The hours are: noon to 6 p.m. (i.e. hour-ending 13 to hour ending 

18) on weekdays that are not holidays according to the North American Electric 

Reliability Council.26  The three most recent years of available data are used; for 

example, 2010 QC is calculated based on 2006-2008 data.  Historical production data is 

adjusted for scheduled outages as described in Section 6.  SAS® code for these 

calculations is included in the Appendix.   

                                                 
24 On the Classification List, these resources are marked in the 3-year average column.   
25 These hours were originally based on the Standard Offer 1 Contract.   
26 See: http://www.nerc.com/files/Additional_Off-peak_Days.doc 



  Page 20 of 27 

For this calculation, an annual value is calculated as an average of the production 

during the specified hours of June to September, of each year.  The annual average values 

are calculated as:  

∑
∑
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Equation 15.  Annual Average Production for Non-Dispatchable Resources 
Then, the annual values are averaged together to calculate the final QC.   

∑= agesAnnualAverFinalQC *
3
1  

Equation 16.  Final QC of Non-Dispatchable Resources 

10.1. Proposal for New Non-Dispatchable Resources 
Energy Division proposes that new non-dispatchable resources with at least one 

complete summer (June to September) of available data, shall receive QC based on the 

methodology described in Section 10.  A new resource with one or two complete 

summers of data will receive QC based on the average of the production during those 

summers, using the equation above.  Partial summer periods (e.g. a resource that achieves 

commercial operation during the summer and lacks data for one or more of the summer 

months) will not be included in the calculation.   

New non-dispatchable resources with zero complete summers of available data 

shall receive QC based on multiplying the resource’s NDC by the average QC as a 

percent of NDC of all existing resources in this classification (see Equation 19, below).   

This change is incorporated in the proposed text in Section 10.3.   

10.2. Proposal to Change Hours for Non-Dispatchable Resources 
Energy Division proposes that the included hours for Non-Dispatchable 

Resources should match the hours for wind and solar resources.  This change is 

incorporated in the proposed text in Section 10.3.   

10.3. Proposed Text of Section 10 
Energy Division proposes that Section 10 shall read: 

“Non-dispatchable generation resources not described in previous sections 

receive single, annual QC values based on a three-year rolling average of 
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production during certain hours, shown in Table 2.  The three most recent years of 

available data are used; for example, 2010 QC is calculated based on 2006-2008 

data.  Historical production data is adjusted for scheduled outages as described in 

Section 6.  SAS® code for these calculations is included in the Appendix.   

For this calculation, an annual value is calculated as an average of the 

production during the specified hours of June to September, of each year.  The 

annual average values are calculated as:  

∑
∑
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Equation 17.  Annual Average Production for Non-Dispatchable Resources 
Then, the annual values are averaged together to calculate the final QC.   

∑= agesAnnualAver
arsOfDataNumberOfYe

FinalQC *
}{

1  

Equation 18.  Final QC of Non-Dispatchable Resources 
New non-dispatchable resources with zero complete summers of available 

data shall receive QC based on multiplying the resource’s NDC by the average 

QC as a percent of NDC of all existing resources in this classification. 
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Equation 19.  QC for Non-Dispatchable Resources with Zero Complete Summers of Data” 

11. Demand Response (DR) 
In D.09-06-028, CPUC directed that the QC of DR resources will be based on the 

Load Impact Protocols (LIPs) adopted by D.08-04-050.27  However, the LIPs provide far 

more detailed information than 12 monthly QC values.  The discussion of the LIPs in this 

report does not in anyway impact the requirements of any previous decision in the DR 

proceedings or any other uses of the LIPs besides QC calculations.   

The LIPs must be followed by the entity (typically the Investor Owned 

Utility{IOU}) requesting that the DR program be eligible for meeting RA Requirements.  

That entity must work with Energy Division staff to provide at least the LIP information 

                                                 
27 The LIPs are detailed in Appendix A to D.08-04-050; 
http://docs.cpuc.ca.gov/WORD_PDF/FINAL_DECISION/81979.PDF 
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described below for the DR resource to receive QC values.  The following table 

summarizes the use of LIPs for QC demonstration.  Event based resources (i.e. AC 

cycling) are DR programs that only operate when a specific event is called while non-

event based resources (i.e. Time-Of-Use rates or permanent load shifting) operate each 

day, regardless of whether or not a DR event is “called”.  Page and section references in 

this table refer to Attachment A to D.08-04-050.   

The monthly QC of a DR resource is the average expected (ex ante) load impact 

from Hour Ending (HE) 15 to HE 18 (2:00 pm to 6:00 pm).  The hourly estimates for 

each of these hours from the LIP data are averaged together.  These hourly estimates 

must be provided according to protocols 17, 21, 22, and 23.  Other protocols described in 

this table are required for supporting data and report formatting.   

 
Resource 
Type 

Load Impact Protocols Required 

Event 
Based 
Resources. 
Example 
IOU 
programs:  
CPP 
CBP 
DBP 
AC Cycling 
OBMC 
 

Ex Post for Event Based Resources 
Protocol 7 requires impact estimates be reported in a table format. Uncertainty 
adjustments are not needed in the table. 
 
Protocol 8 requires reporting for the average across all participants notified on an 
average event day over the evaluation period.  Only the hourly load drop across all 
participants notified on an average event day is required; no need to provide the 
following details: 

• Each day on which an event was called;  
• The average event day over the evaluation period 
• For the average across all participants notified on each day on which an 

event was called;  
• For the total of all participants notified on each day on which an event was 

called. 
 
Protocol 10 requires regression based methods (read section 4.2.2, pg 60 for an 
overview of regression analysis).  Any suppliers choosing not to use regression as 
described in Protocol 10 must file an evaluation plan (Protocols 1-3) well in advance 
of the QC demonstration deadline.28   
 
Ex Ante for Event Based Resources 
Protocol 17 requires that ex ante estimates should be informed by ex post whenever 
possible.   
 
Protocol 21 requires impact estimates be reported in a table format.  Uncertainty 

                                                 
28 The deadline is typically April 1.   
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adjustments are not needed in the table. 
 
Protocol 22 requires the use of 1-in-2 weather year for the monthly system peak day.  
The 1-in-10 weather year, typical event day, or an average weekday for each month 
are not needed for QC calculation.   
 
Protocol 23 requires ex ante estimates be based on regression methodologies (read 
section 6.2, pg 98 for guidance). 
 
Portfolio Impacts, if Required 
Protocol 24 describes methodology for estimating the impacts of multiple DR 
programs within a portfolio.  All DR resources whose participants also participate in 
other DR programs (potentially operated by other entities) must follow Protocol 24; 
such resources should also submit an evaluation plan (Protocols 1-3).   
 
Sampling if Required 
Protocol 25 requires certain procedures to ensure that sampling bias is minimized.  
Protocol 25 is not anticipated to be required for most DR resources using LIPs only 
to demonstrate QC; DR resources with a small number of participating customers 
should provide data from all participants, obviating the need for sampling 
methodologies.  For resources with enough participants to adopt a sampling 
methodology, an evaluation plan (Protocols 1-3) is required well in advance of the 
QC demonstration deadline.   
 
Reporting Protocols 
Protocol 26 lists certain sections that should be included in the evaluation reports.  
These reports may be limited in scope, as described above.   
 

 
Non-Event  
Based 
Resource.  
Example 
IOU 
programs:  
TOU 
RTP 
SLRP 
PLS 

Ex Post for Non-Event Based Resources 
Protocol 14 (same as Protocol 7) requires impact estimates be reported in a table 
format.  Uncertainty adjustments are not needed in the table. 
 
Protocol 15 requires reporting for the monthly system peak day.   
 
Protocol 16 requires regression based methods (read section 5.2, pg 84 for 
guidance).  Any suppliers choosing not to use regression as described in Protocol 10 
must file an evaluation plan (Protocols 1-3) well in advance of the QC 
demonstration deadline.   
 
Ex Ante for Non-Event Based Resources 
Protocol 17 requires ex ante estimates should be informed by ex post whenever 
possible.   
 
Protocol 21 requires impact estimates be reported in a table format.  Uncertainty 
adjustments are not needed in the table. 
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Protocol 22 requires the use of 1-in-2 weather year for the monthly system peak day.  
The 1-in-10 weather year, average weekday, or typical event day are not needed for 
QC calculation. 
 
Protocol 23 requires ex ante estimates be based on regression methodologies (read 
section 6.2, pg 98 for guidance). 
 
Portfolio Impacts, if Required 
Protocol 24 describes methodology for estimating the impacts of multiple DR 
programs within a portfolio.  All DR resources whose participants also participate in 
other DR programs (potentially operated by other entities) must follow Protocol 24; 
such resources should also submit an evaluation plan (Protocols 1-3).   
 
Sampling if Required 
Protocol 25 requires certain procedures to ensure that sampling bias is minimized.  
Protocol 25 is not anticipated to be required for most DR resources using LIPs only 
to demonstrate QC; DR resources with a small number of participating customers 
should provide data from all participants, obviating the need for sampling 
methodologies.  For resources with enough participants to adopt a sampling 
methodology, an evaluation plan (Protocols 1-3) is required well in advance of the 
QC demonstration deadline.   
 
Evaluation Reporting  
Protocol 26 lists certain sections that should be included in the evaluation reports.  
These reports may be limited in scope, as described above.   

 
As noted above, in order to summarize the detailed LIP information to monthly 

QC values, QC is measured using the average expected (ex ante) load impact during HE 

15-18.  CPUC staff takes the hourly estimates provided according to the LIPs and 

averages the estimates over the relevant hours.   

In order for DR programs to receive local capacity credit for RA, the load impact 

must be broken down by local areas.  However, this breakdown is not required for all 

months – it is only required for August.  Further, for compliance purposes the CPUC 

aggregates PG&E’s “other” local areas: Fresno, Humboldt, North Coast/North Bay, 

Sierra, and Stockton.  These areas do not need to be broken out individually.  For August, 

average expected (ex ante) load impact must be provided by local area as follows, for 

each DR program: 

 
SDG&E  SCE  PG&E  
San Diego Big Creek/Ventura Greater Bay Area 
System (no local area) LA Basin Other PG&E local areas 
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 System (no local area) System (no local area) 
Program Total Program Total Program Total 
Table 3. Local Area Breakdown for DR Resources. 

  For each program, the sum of system and local capacities should equal the 

program total capacity.  Table 3 is not intended to be a format, but simply a description of 

the data required.  If a program operates in multiple IOU territories, expected load 

impacts for all relevant local areas should be included.   

Avoided line losses should not be included in the LIP estimates for QC 

calculation purposes.  Any supplier who wishes to do so may also provide estimates 

including avoided line losses, but all tables should be clearly labeled to indicate if 

avoided line losses are included.   

11.1. Proposal to Change Included Hours for Demand Response 
Energy Division proposes that, for consistency with other QC counting rules, DR 

programs should be measured over the same hours as other resources.  Specifically, 

Energy Division proposes to modify the paragraph in Section 11 beginning, “In order to 

summarize the detailed LIP information” to the following:  

“In order to summarize the detailed LIP information to monthly QC 

values, QC is measured using the average expected (ex ante) load impact during 

the hours in Table 2.  CPUC staff takes the hourly estimates provided according 

to the LIPs and averages the estimates over the relevant hours.” 
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13. Acronym List 
Acronym Definition 
CAISO ID California ISO Scheduling Resource ID 
California ISO California Independent System Operator 

CEC 
California Energy Resources Conservation and Development 
Commission 

CPUC California Public Utilities Commission 
HE Hour Ending 
IOU Investor Owned Utility 
kW Kilowatt 
kWh Kilowatt-hour 
LGIP Large Generator Interconnection Procedures 
LIP Load Impact Protocol 
MW Megawatt 
MWh Megawatt-hour 
NQC Net Qualifying Capacity 
PMax Maximum Power Plant Output 
QC Qualifying Capacity 
RA Resource Adequacy 
SAS® Statistical Analysis Software 
SC Scheduling Coordinator 
SGIA Small Generator Interconnection Agreement 
SGIP Small Generator Interconnection Procedures 
SLIC Scheduling and Logging for ISO of California  
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Appendix B 
 
Transmission and Distribution Case Studies 

 
B.1  PG&E Case Studies  
For the 2008 analysis, the PV generation capacity for the three circuits selected was as 
follows: 
 

Circuit 
Approximate PV 
Capacity (kW) 

PG&E Circuit 1 251-499kW 
PG&E Circuit 2 100-250kW 
PG&E Circuit 3 500-1000kW 

 

Figure B-1:  PV Generation with respect to Total Circuit Load for Circuit 1 
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B-2 Transmission and Distribution Case Studies 

Figure B-2:  Circuit Load with and without PV Generation for Circuit 1 
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Transmission and Distribution Case Studies B-3 

Figure B-3:  PV Generation with respect to Total Circuit Load for Circuit 2  
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B-4 Transmission and Distribution Case Studies 

Figure B-4: Circuit Load with and without PV generation for Circuit 2 
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Transmission and Distribution Case Studies B-5 

Figure B-5:  PV Generation with respect to Total Circuit Load for PG&E Circuit 
3 
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B-6 Transmission and Distribution Case Studies 

Figure B-6: Circuit Load with and without PV Contribution for Circuit 3 

PG&E Circuit 3

0

2000

4000

6000

8000

10000

12000

14000

16000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Hour

kV
A

No PV Generation
with PV Generation

 
 
 



Final 2007-2008 CSI Impact Evaluation 
 

Transmission and Distribution Case Studies B-7 

B.2  SCE Case Studies 
For the 2008 impact analysis, the PV generation capacity of the final four SCE circuits that 
were analyzed was as follows: 
 

Circuit 
Approximate PV 
Capacity (kW) 

SCE Circuit 1 500-1,000kW 
SCE Circuit 2 250-499kW 
SCE Circuit 3 250-499kW 
SCE Circuit 4 50-100kW 

 

Figure B-7: PV Generation with respect to Total Circuit Load for SCE Circuit 1 
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B-8 Transmission and Distribution Case Studies 

Figure B-8:  Circuit Load with and without PV generation for SCE Circuit 1 
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Transmission and Distribution Case Studies B-9 

Figure B-9:  PV Generation with respect to Total Circuit Load for SCE Circuit 2 
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B-10 Transmission and Distribution Case Studies 

Figure B-10:  Circuit Load with and without PV generation for SCE Circuit 2 
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Transmission and Distribution Case Studies B-11 

Figure B-11:  PV Generation with respect to Total Circuit Load for SCE Circuit 
3 
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B-12 Transmission and Distribution Case Studies 

Figure B-12:  Circuit Load with and without PV generation for SCE Circuit 3 

SCE Circuit 3

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Hour

kV
A

No PV Generation
with PV Generation

 
 



Final 2007-2008 CSI Impact Evaluation 
 

Transmission and Distribution Case Studies B-13 

Figure B-13: PV Generation with respect to Total Circuit Load for SCE Circuit 4 
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B-14 Transmission and Distribution Case Studies 

Figure B-14:  Circuit Load with and without PV generation for SCE Circuit 4 
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Transmission and Distribution Case Studies B-15 

B.3  SDG&E Case Studies 
For the 2008 analysis, the PV capacity of the five SDG&E feeder circuits that were analyzed 
was as follows: 
 

SDG&E Circuit 

Approximate PV 
Capacity On 
peak (kW) 

SDG&E circuit 1 250-499 kW 
SDG&E circuit 2 250-499 kW 
SDG&E circuit 3 100-249 kW 
SDG&E circuit 4 100-249 kW 
SDG&E circuit 5 500-1,000 kW 

 

Figure B-15:  PV Generation with respect to Total Circuit Load for SDG&E 
Circuit 1 
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B-16 Transmission and Distribution Case Studies 

Figure B-16:  SDG&E Circuit 1 - KVA Loading with and without PV Generation 
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Transmission and Distribution Case Studies B-17 

Figure B-17:  PV Generation with respect to Total Circuit Load for SDG&E 
Circuit 2 
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B-18 Transmission and Distribution Case Studies 

Figure B-18:  SDG&E Circuit 2 - KVA Loading with and without PV Generation 
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Transmission and Distribution Case Studies B-19 

Figure B-19:  PV Generation with respect to Total Circuit Load for SDG&E 
Circuit 3 
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B-20 Transmission and Distribution Case Studies 

Figure B-20:  SDG&E Circuit 3 - KVA Loading with and without PV Generation 
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Transmission and Distribution Case Studies B-21 

Figure B-21:  PV Generation with respect to Total Circuit Load for SDG&E 
Circuit 4 
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B-22 Transmission and Distribution Case Studies 

Figure B-22: SDG&E Circuit 4 - KVA Loading with and without PV Generation 
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Transmission and Distribution Case Studies B-23 

Figure B-23:  PV Generation with respect to Total Circuit Load for SDG&E 
Circuit 5 
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B-24 Transmission and Distribution Case Studies 

Figure B-24:  SDG&E Circuit 5 - KVA Loading with and without PV Generation 
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