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1. Executive Summary

Pacific Gas and Electric Company (PG&E) remains strongly committed to the
Electric Program Investment Charge (EPIC) Program as a key vehicle for delivering
customer value through the cost-effective development and demonstration of
innovative technologies that advance safety, reliability, affordability, environmental
sustainability and equity. As an EPIC Administrator since program inceptionin 2012,
PG&E plays a critical role in translating innovation into scalable solutions that

support California’s clean-energy and grid-modernization goals.

This Annual Report employs the outline developed collaboratively by the
Investor-Owned Utilities (IOUs) and the California Energy Commission (CEC) (“EPIC
Administrators”) and the Public Advocates Office at the California Public Utilities

Commission (CPUC), with additional guidance provided by Commission Staff in

February 2025. 12

Section 2, Introduction and Overview, provides regulatory context for the EPIC
Program over its 18 years and presents the EPIC Program components and regulatory
process. Additionally, this section discusses PG&E progress on EPIC investments in
disadvantaged and low-income communities and highlights the stakeholder
coordination efforts and public engagement, both ongoing and specific to 2025

activities.

Section 3, Budget, presents the financial status of PG&E’s EPIC program,

including its authorized budget, committed and encumbered funds, dollars spent on

1 This Annual Report outline is based on Attachment C. “Updated EPIC Administrator Annual
Report Outline” in D. 23-04-042.

2 Email, “CPUC Staff Guidance for EPIC Annual Reports,” February 26, 2025.
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in-house activities, projects employing direct awards and competitive bids, and

matching funding.

In Section 4, Projects, PG&E presents summaries of all EPIC 3 and 4 projects that
were open, closed, or canceled as of the end of 2025. The project summaries are
organized according to the EPIC 4 Strategic Initiatives and include the problem a
projectis addressing, the proposed solution, expected outcome and benefits, and a
summary of 2025 activities. The tables below provide a high-level snapshot of EPIC
projects and their progress in 2025. Table 1 demonstrates “2025 EPIC Project Status

at End of Year.” Table 2 presents “2025 Project Highlights and Key Successes.”

TABLE 1. 2025 EPIC PROJECT STATUS AT END OF YEAR

EPIC Cycle Active Closed In Development Canceled
EPIC 3 6 8 n/a n/a
EPIC 4 33 0 n/a n/a

Throughout 2025, PG&E maintained a portfolio of eight active EPIC 3 projects,
two of which reached completion, resulting in six projects continuing forward and
eight concluded under the EPIC 3 cycle. Within the EPIC 4 portfolio, thirty-three
projects progressed through internal vetting and business-plan approval and were
formally recognized as active. No additional EPIC 4 projects remained in the

business-plan development stage, and none had yet advanced to closeout.

TABLE 2. 2025 PROJECT HIGHLIGHTS AND KEY SUCCESSES

Project Name 2025 Highlights and Key Successes

EPIC 3.11 - EPIC 3.11 successfully concluded and formally closed out in 2025,
Location-Specific marking a major milestone for PG&E’s community microgrid efforts. This
Options for project, also referred to as the Redwood Coast Airport Microgrid (RCAM)
Reliability and/or project, demonstrated the first 100% renewable, multi-customer

Resilience Upgrades | microgrid in PG&E’s service area, powered by third-party-owned solar
and battery resources operated by the Redwood Coast Energy Authority.
RCAM delivered more than 51 hours of resilience across 12 grid events,
keeping the regional airport and U.S. Coast Guard station energized
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during outages, and contributed significantly to the foundation of
statewide frameworks—including the Community Microgrid Enablement
Tariff, Microgrid Operating Agreement, and Microgrid Islanding Study—
that now guide community microgrid development across California. The
project enabled strong long-term customer benefits through improved
reliability, enhanced operational safety, reduced greenhouse gas
emissions, and lower future microgrid development costs through
standardized processes and best practices. Together, these outcomes
demonstrate how community-scale, renewable microgrids can deliver
meaningful ratepayer value while strengthening local resilience and
supporting the state’s clean-energy transition.

3.41 -Drone
Enablement and
Operational Use

The Drone Enablement project successfully concluded and formally
closed outin 2025. EPIC 3.41 provided the critical foundation towards
PG&E’s multi-year objective to enable automated and Beyond Visual Line
of Sight (BVLOS) drone to ultimately be applied across a range of PG&E
use cases., With the Final Report published and project closeout
complete, PG&E now has a clear understanding of the technical
capabilities, limitations, and regulatory requirements associated with
dock-based autonomous drone systems, including the FAA waiver
standards and internal processes needed to support remote operations.
The project demonstrated meaningful potential benefits for ratepayers,
including improved worker safety through reduced field exposure, faster
inspection and hazard-alert validation, lower O&M costs driven by fewer
truck rolls and helicopter deployments, reduced greenhouse gas
emissions through the use of electric unmanned aircraft, and enhanced
situational awareness made possible by more frequent and consistent
asset inspections. These insights have positioned PG&E to pursue more
efficient, lower-risk, and environmentally sustainable inspection
strategies using advanced drone technologies. The continued
demonstration and maturation of these foundational drone capabilities
is being pursued through PG&E’s EPIC 4 program.




EPIC 4 Final Project In 2025, PG&E conducted a multi-faceted, nearly year-long process to
Selection determine how to best allocate its full EPIC 4 budget to the set of
projects that would have the greatest benefit to customers. This involved
not only allocating remaining program funds, but also critically re-
evaluating all ongoing and already-funded projects. The re-evaluation of
all ongoing projects led to the re-scoping or discontinuation of several
projects, and as a result $7 million was made available for a new wave of
projects to supplement remaining unallocated funds. PG&E’s ideation of
new projects marked another step-change advancement in its practice,
with several channels of ideation being employed including internal
ideation as well as external ideation from vendors through a Pitch Fest
event. Ultimately, a new set of eight additional EPIC projects was
selected and funded as a result of this process prior to the 12/31/2025
regulatory deadline to allocate all EPIC 4 funds.

In Section 5, Conclusion, PG&E presents a consolidated summary of EPIC
Program outcomes for the year, outlines upcoming priorities for continued program
execution and EPIC 5 planning, and discusses factors that may influence progress

toward EPIC Strategic Goals.

As the EPIC program continues to evolve, PG&E remains an active contributor to
shaping solutions for the emerging challenges and opportunities facing the electricity
grid. EPIC remains the primary mechanism for California to IOUs demonstrate and
field test innovative technologies, which is an essential step in advancing to
scalability, operational readiness, and cost-effective deployment. Collectively, EPIC
project achievements help lay the foundation for the grid of the future, advancing
California policy objectives, and ultimately, improving the equitable access to safe,

affordable, reliable, and environmentally sustainable energy for customers.

2. Introduction and Overview

A. Background on EPIC

The EPIC Program is designed to assist the development of pre-commercialized,

new, and emerging energy technologies in California, with a focus on commercially
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viable projects. Authorized by D.1205037, the EPIC Program funds investments in the
following three areas: (1) Applied Research & Development; (2) Technology
Demonstration & Deployment (TD&D); and (3) Market Facilitation, which consists of
market research, regulatory permitting and streamlining, and workforce development
activities. The CEC is designhated to administer funds in all areas, including a portion
of TD&D. PG&E and the other IOU administrators are designated to administer EPIC
funds only in the area of TD&D. The program was initially administered in triennial
investment periods, while D.2008042 established five-year cycles for EPIC 4 and 5.
PG&E’s EPIC 4 Investment Plan, approved on November 30, 2023, includes 23
Research Topic Areas and a TD&D budget of $82.9 million.

Through EPIC, PG&E develops and demonstrates innovative technologies that
advance a broad array of objectives including grid safety, resiliency, and reliability as
well as customer enablement, and integration of renewables and DERs. EPIC
demonstration projects aid in identifying key requirements and insights to inform full
deployment in a manner that strategically aligns the integration of technologies with
existing operations. Given the rapidly evolving energy landscape and the impact of
climate change in California, the continuation of technology innovation programs like
EPIC is critical to the continued advancements of grid capabilities to further safety

and resiliency.

D. 23-04-042 “Decision on Phase 2-C Of Electric Program Investment Charge
Rulemaking” requires the EPIC Administrators to file Annual Reports each year on
April 30 via Tier 2 Advice Letters, as well as Final Reports for each project. This
Annual Report employs the outline developed collaboratively by the EPIC

Administrators and the Public Advocates Office at the California Public Utilities



Commission, as well as additional guidance provided by Commission Staff in

February 2025. 34

B. EPIC Program Components

In Section 4B. Project Status Report, active EPIC 3 and 4 projects are organized
according to the EPIC 4 Strategic Initiatives. The section also describes how active
projects have made progress in addressing Strategic Objectives and Strategic

Initiatives.

I. Investing in Disadvantaged and Low-Income Communities
The CPUC’s 2023 Decision on Phase 2-C of EPIC Rulemaking requires EPIC
administrators to invest at least 25 percent of their TD&D funding to projects located

in and benefiting disadvantaged communities and an additional 10 percent to
projects located in and benefiting low-income communities.® These fund allocation

requirements went into effect for PG&E’s EPIC 4 project portfolio and will be required for

EPIC 5 as well.

PG&E has thirty-three (33) active EPIC 4 portfolio projects, of which at least
seventeen (17) are expected to have physical sites for their TD&D scope. Of these,
five projects (4.02A, 4.03, 4.04, 4.05, and 4.09B) have launched or plan to launch
demonstrations with a portion of sites in and direct benefits to DACs. Additionally,
five projects (4.07, 4.13, 4.16, 4.18 and 4.19) have launched or plan to launch
demonstrations with sites in and benefits to low-income communities. Many of

California’s disadvantaged communities are also low-income communities. PG&E

3 This Annual Report outline is based on Attachment C. “Updated EPIC Administrator Annual
Report Outline” in D. 23-04-042.

4 Email, “CPUC Staff Guidance for EPIC Annual Reports,” February 26, 2025.

5 California Public Utilities Commission. 2023. Decision on Phase 2-C of Electric Program
Investment Charge

Rulemaking,
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M507/K499/507499284.PDF.
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avoids double-counting in the calculation of disadvantaged and low-income
community funding percentages by counting those dual-community TD&D sites only
once and assigning the appropriate project investment amount to the disadvantaged

community category only.

There are seven (7) remaining EPIC 4 projects in earlier project lifecycle stages
that expect to include investments and technology demonstrations that will have
location-specific demonstration sites. PG&E’s EPIC administration team will be
working closely with these project teams and will engage with community-based
organizations (CBOs) and other ESJ community stakeholder groups over the next year
to enable additional investment in and benefits to disadvantaged communities,
including California Native American tribal lands, and low-income communities. We
look forward to reporting future updates on our progress toward meeting the

requirements for TD&D investments in disadvantaged and low-income communities.

Figure 1 illustrates the cumulative PG&E administered EPIC TD&D project sites
through December 31, 2025 in disadvantaged communities or in low-income
communities that are not also designated as disadvantaged. Several EPIC 4 projects
have multiple sites, for example, customer-sited demonstrations, where we have
customer participant sites across multiple census tracts. In these cases, the map
shows multiple markers indicating approximate locations for a project to provide
insight into the current group of disadvantaged and low-income communities directly
benefitted by PG&E EPIC TD&D projects. Note that the map does not show specific
customer participant locations; for customer-sited demonstrations, we include a
marker within the appropriate census tract geography, butitis not intended to

represent a specific business or residential address.

-10-



C.

Figure 1: PG&E EPIC 4 Project Sites in Disadvantaged or Low-income Communities through 2025

Coordination

Summary of Coordination

PG&E continues to coordinate extensively with the other EPIC Administrators, the
CPUC, market and R&D partners, and community-based stakeholders to ensure the
EPIC Program remains aligned with statewide energy and equity objectives while
avoiding unnecessary duplication. PG&E engages in regular cross-Administrator review
meetings, joint workshops, and collaborative planning sessions to maintain

transparency across portfolios and ensure complementarity among TD&D
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investments. This coordination spans EPIC planning, project selection, business-case

development, and ongoing project execution.

Throughout the execution of its EPIC 3 and EPIC 4 Investment Plan and in the
development of its EPIC 5 Investment Plan, PG&E has worked collaboratively with the
other three Administrators. This collaboration has included conducting conference
calls, participating in each other’s public workshops, and coordinating a number of in-
person or phone-based joint portfolio review meetings. These efforts have been
designed to coordinate Investment Plans and ensure investments are complementary

and not unnecessarily duplicative.

The EPIC Administrators will continue to work together to address common goals,
consistent with the state’s energy and environmental policies and the EPIC Program’s
updated guiding principles as established in D.21-11-028. EPIC Administrators will
also continue to coordinate scheduling, solicitation, and responses to comments and
advice from stakeholders on their respective proposed and ongoing TD&D plans and
programs. To this end, the EPIC Administrators will continue to share information
regarding EPIC 1, 2, 3, and 4 projects. As projects complete, the Administrators will
continue to discuss project learnings and facilitate the dissemination of the results of

the program efforts for the benefit of all California customers.

In preparing for the EPIC 5 Investment Plan the Administrators also jointly
presented before the Policy + Innovation Coordination Group (PICG) to share updates,
discuss project learnings, and strengthen statewide visibility into emerging technology
progress. PG&E leveraged the findings from its previously published 2024 R&D Strategy
Report to help inform early development of research priorities and ensure alignment

with long-term innovation needs.

Beyond EPIC-specific activities, PG&E actively shares lessons learned and
technical insights with the utility and research community through presentations,
conference participation, and contributions to industry groups such as DistribuTECH,

IEEE, and the Edison Electric Institute. PG&E’s coordination efforts also include
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engagement with Disadvantaged and Vulnerable Communities (DVCs),
community-based organizations (CBOs), and the Disadvantaged Communities
Advisory Group (DACAG) to ensure EPIC projects reflect the principles of the CPUC’s

Environmental and Social Justice (ESJ) Action Plan.

PG&E continues to support the PICG database and provides quarterly updates on
its ongoing EPIC projects to the PICG database website

(https://www.epicpartnership.org/).

[I.  Transparent and Public Process
PG&E ensured that administration of the EPIC Program remained transparent,
inclusive, and accessible to stakeholders through a series of public workshops,
advisory conversations, and cross-utility engagements. These activities created
multiple avenues for communities, policymakers, industry partners, and peer utilities
to provide input on EPIC projects, shaping the portfolio in ways that reflect statewide

needs and priorities. Table 3 summarizes these engagements.

TABLE 3: STAKEHOLDER EVENTS HELD FOR 2025

Stakeholder Events Date

Community Perspectives Advisory Council March Meeting March 6, 2025
Community Perspectives Advisory Council June Meeting June 26, 2025
Communities of Color Advisory Group June Meeting June 3, 2025

Annual Joint Utilities EPIC Workshop July 15, 2025

2025 Innovation Pitch Fest September 23-25, 2025
Southern California Edison’s EPIC 4 Wave 2 Workshop September 30, 2025
CEC EPIC Symposium October 27, 2025
Community Perspectives Advisory Council December Meeting December 4, 2025
PG&E EPIC 4 Wave 2 Workshop December 15, 2025

13-
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In 2025, PG&E engaged regularly with its Community Perspectives Advisory
Council (C-PAC), convening sessions to share updates on the EPIC portfolio, gather
feedback on community priorities, and discuss how emerging technologies can better
serve disadvantaged and vulnerable communities. Additional engagement with the
Communities of Color Advisory Group further supported environmental and social
justice objectives by ensuring that voices from historically marginalized communities

were represented in EPIC discussions and project design considerations.

PG&E also coordinated with peer utilities and statewide partners through a series
of public and joint engagements. The Annual Joint Utilities EPIC Workshop provided a
platform for PG&E, SCE, and SDG&E to present project updates and gather
stakeholder feedback on the progress of the EPIC 3 and EPIC 4 portfolios. PG&E
continued this collaborative engagement by participating in SCE’s EPIC 4 Wave 2
Workshop and presenting PG&E’s own EPIC 4 Wave 2 projects in a public workshop,
offering transparency into project selection, evaluation criteria, and expected

ratepayer benefits.

To broaden participation from innovators, technology providers, and market
actors, PG&E hosted its Innovation Pitch Fest, a multi-day public event that brought
together dozens of startups, investors, utility representatives, and public-sector
partners. The event showcased emerging technologies alighed with PG&E’s EPIC
objectives and provided a transparent process for identifying prospective EPIC 4 Wave
2 projects. Attendees had the opportunity to ask questions, offer feedback, and
engage directly with PG&E’s innovation teams, reinforcing the program’s commitment

to open and accessible communication.

PG&E also engaged in statewide and national forums to support knowledge
sharing and public visibility. At the CEC’s 2025 EPIC Symposium, PG&E played a
visible leadership role across multiple sessions contributing utility and technical
perspectives on the future of EPIC, affordability, and grid modernization. In the

opening session, PG&E’s VP of Strategy and Innovation joined a panel of regulators
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and agency staff to discuss priorities for the next EPIC cycle, emphasizing equitable

participation as clean energy technologies scale statewide. During the plenary on

affordability and electrification, PG&E’s EPIC 4.02A project was highlighted to

demonstrate how EPIC funds are supporting design strategies that can reduce

upgrade costs and lower barriers for customers. PG&E engineers also participated in a

breakout session focused on grid modernization where they highlighted their work

reducing market congestion and curtailment of generation on transmission lines (EPIC

4.05) and implementing BESS controls for capacity and voltage support on electric

distribution (EPIC 4.07). Two of PG&E’s EPIC projects (EPIC 4.06 and EPIC 4.16) were

also featured in the Technology Showcase, providing project teams the opportunity to

share progress, key learnings, and engage directly with symposium participants.

3. Budget

A. Authorized Budget

The following table outlines the total Program, Administrative, and CPUC

regulatory oversight budget for active EPIC cycles.

TABLE 4: TOTAL AUTHORIZED BUDGET BY PROGRAM CYCLE

CEC Program
Budget* CEC Admin
PG&E PG&E (TD&D, Budget* CPUC

Program Admin. Applied R&D, (TD&D, Applied Regulatory

Total Authorized Budget Budget & Market R&D, & Market Oversight
Budgets (TD&D only) (TD&D only) Facilitation) Facilitation) Budget*

EPIC 3: 2018-2020 $49.77 million $5.56 million $199.09 million $22.24 million $1.39 million
EPIC 4: 2021-2025 $82.95 million $9.27 million $331.81 million $37.07 million $2.32 million

*portion remitted or to be remitted by PG&E

The following table outlines how PG&E’s EPIC 4 program budget is broken out

by Strategic Initiative, comparing the proposed allocation from the EPIC 4

Investment Plan application budget with the allocation after final project selections

in 2025.
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TABLE 5: EPIC 4 BUDGET BREAKOUT BY STRATEGIC INITIATIVE

Investment Plan Current EPIC 4 Current Amount

Strategic Initiative® TD&D Target Project Selection as Percent of

Amount Amounts (2025) Target (%)
Clean, Dispatchable Resources $18.00 million $15.74 million 87%

Grid Modernization $18.00 million $20.46 million 114%
Irﬁ:;::::ﬁ:::igg dele‘)’(i“;i‘:i‘:y $18.00 million $19.58 million 109%
Transportation Electrification $11.45 million $12.46 million 110%

Climate and Environment $17.50 million $17.26 million 102%
Total $82.95 million $85.70 million 103%

In 2025, PG&E completed allocation of EPIC 4 funds to the final wave of
selected projects. Efficient use of administrative resources allowed PG&E to
increase the total amount of funds allocated to the TD&D budget and reduce the
share of funds directed toward PG&E Administrative budget while maintaining the
same total funds for the PG&E-administered EPIC 4 program. This is why the final
allocation amount (approximately $85.70 million) is higher than the total TD&D

budget from the EPIC 4 Investment Plan.

PG&E made targeted adjustments to its EPIC 4 portfolio in 2025, including
the conclusion of select project scopes and reallocating the recovered funds to new
projects aligned with EPIC 4 strategic initiatives. The final project selection process
and assignment of remaining EPIC 4 budget to this final wave of new projects drove
increases in funding across nearly all Strategic Initiatives, as displayed in Table 7,

but did not make funding shifts between budget categories of 15% or more.

6 The EPIC 4 portfolio has several “cross-cutting” projects that support multiple Strategic
Initiatives. Table 7 assigns project budgets to one strategic initiative only.
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B. Commitments and Encumbrances

The following table outlines PG&E’s total financial commitments? and

encumbrances,8 as well as the remittances made to both the CEC and CPUC,

beginning from program inception through December 31, 2025.

TABLE 6: TOTAL COMMITMENTS/ENCUMBRANCES BY PROGRAM CYCLE

Commitments/ PG&E Total PG&E Total CEC Program CEC Admin CPUC

Encumbrances Commitments* Encumbrances Remittance Remittance Remittance
EPIC 3: 2018-2020 $45.60 - 49.77 million $16.27 million $187.63 million $22.24 million | $1.39 million
EPIC 4: 2021-2025 $77.13 - 82.95 million $24.29 million $212.67 million $53.76 million $2.19 million

*PG&E Total Commitments do not include PG&E Admin costs.

C. Dollars Spent on In-House Activities

The following table outlines PG&E’s total inhouse project expenditures and

administrative costs, beginning from program inception through December 31,

2025.

7 Per CPUC D.13-11-025, “committed funds” are monies budgeted for a particular project. The

committed fund range is defined as the project is approved through PG&E’s internal

governance process.

8  perCPUC D.13-11-025, “encumbered funds” refer to monies specified within contracts signed
during a previous triennial investment plan cycle and associated with specific activities under

that contract.
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TABLE 7: TOTAL DOLLARS SPENT ON IN-HOUSE ACTIVITIES BY PROGRAM CYCLE

PG&E In-House TD&D Project

PG&E In-House Program

Program Cycle Expenditures Administrative Costs
EPIC 3: 2018-2020 $31.77 million $4.81 million
EPIC 4: 2021-2025 $13.38 million $2.10 million

D. Uncommitted/Unencumbered Funds®

AWLEPIC 3 Project funds are committed as of October 25, 2021. The PG&E EPIC
4 Investment Plan was approved on October 20, 2023, and all EPIC 4 project funds

were committed as of December 31, 2025. The following table outlines the PG&E

uncommitted and unencumbered funding for each program cycle as of

December 31, 2025.

TABLE 8: TOTAL UNCOMMITTED/UNENCUMBERED FUNDS BY PROGRAM CYCLE

Program Cycle

Uncommitted/Unencumbered
Project Funds

EPIC 3: 2018-2020

$0 - $4.17 million

EPIC 4: 2021-2025

$0 - $5.82 million

E. Directly Awarded Funds

As filed in the RAP,10 PG&E will provide justification for all directly-awarded

contracts and provide project and summary level information in the annual report. The

company policy is to fill out a Direct Award Request Form, as included in Appendix B of

the RAP, for proposed direct awards of $250,000 or greater. Starting in 2020, this

10

“Uncommitted” and “Unencumbered” funds refer to monies that are not identified in

solicitation plans or obligated to a particular project—these funds are considered unspent.

Joint Application Of Southern California Edison Company (U 338-E), Pacific Gas And Electric

Company (U 39-E), And San Diego Gas & Electric Company (U 902-E) For Approval Of The
Research Administration Plan For The Electric Program Investment Charge
https://www.pge.com/pge_global/common/pdfs/about-pge/environment/what-we-are-

doing/electric-program-investment-charge/EPIC-3-Application-Joint.pdf.
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threshold was adjusted to $75,000 for EPIC projects for any procurements that were

not purely materials purchases.

Since the last annual report, PG&E has slightly increased the proportion of
directly-awarded contracts for EPIC 3 from 57 percentin 2023 to 58 percentin 2025.
The proportion of directly-awarded contracts for EPIC 4 is 100% as of the end of 2025.
At the end of 2025, there were many EPIC 4 projects with RFPs in process and planned,
but because EPIC 4 projects started in late 2025, none of them had completed by the
end of the year. Itis anticipated that the EPIC 4 proportion of directly-awarded
contracts will decrease significantly once RFPs are approved in 2026. It should be
noted that there are EPIC 4 projects with direct-award contracts that are building upon
previous EPIC 3 projects and continuing to work with vendors originally identified
through prior successful RFP bids. This includes a direct-award contract in EPIC 4.02
and 4.20 for the successful RFP candidate in EPIC 3.43 and a direct-award contractin
EPIC 4.16 for the successful RFP candidate in EPIC 3.41. The following table

summarizes the PG&E directly-awarded contracts executed in the EPIC 3 and EPIC 4

cycles.
TABLE 9: TOTAL DIRECTLY AWARDED FUNDS BY PROGRAM CYCLE
PG&E Total Directly-Awarded
Vendor Contract PG&E Directly-Awarded Contract
Program Cycle Amount Vendor Contract Amount!?! Proportion
EPIC 3:2018-2020 $16.27 million $9.57 million 59%
EPIC 4: 2021-2025 $24.29 million $1 9.58 million 81%

F. Match Funds

The following table outlines match funding secured through PG&E’s contracts,

between January 1, 2025, through December 31, 2025.

11 |ncludes procurements made against existing broader PG&E supplier contracts and contracts
with companies originally identified through prior EPIC bids.
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TABLE 10: MATCH FUNDING

Project Match Funding Amount
3.41 Drone Enablement and Operational Use $345,357
fl.08 N‘on-‘Wirt.as Alterna!tives (NWA) Integration $175,000
into Distribution Planning
4.18 Rapid Wildfire Suppression $913,459

4. Projects

A. High-Level Summary

At the end of 2025, eight of PG&E’s EPIC 3 projects were still active while two EPIC

3 projects had closed during the year. The two EPIC 3 projects that closed in 2025

were 3.11 - Location-Specific Options for Reliability and/or Resilience Upgrades, and

3.41 - Drone Enablement and Operational Use. For detailed information on these EPIC

3 projects, see the Appendices of this report where their final reports are attached. All

completed EPIC project final reports are uploaded to the PG&E EPIC website at

www.pge.com/epic.

The following table provides a high-level summary of the EPIC 3 projects that were

open, completed, or canceled as of the end of 2025.

TABLE 11: EPIC 3 - HIGH LEVEL PROJECT SUMMARY

Project Name

EPIC 3 Topic Area

Project Status

Investment Total
Period Funding
$45.60-
EPIC 3 $49.77
million

3.11 - Location-Specific Options for
Reliability and/or Resilience Upgrades

Renewables/DER
Resource Integration

Completed

3.11b - Leverage Front of the Meter
(FTM) and Behind the Meter (BTM)
Distributed Energy Resources (DERs)
for Customer Enabled Resilient
Microgrids

Renewables/DER
Resource Integration

Open

3.13 - Transformer Monitoring via Field
Area Network (FAN)

Grid Modernization
and Optimization

Open

3.15 - Proactive Wire Down Mitigation

Grid Modernization
and Optimization

Open
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TABLE 11 (CONTINUED)

Invest.ment TOt?l Project Name EPIC 3 Topic Area Project Status
Period Funding
3.41 - Drone Enablement and Cross- Completed
Operational Use Cutting/Foundational P
3.43 - Serylce Issue Identification Grid Modernization
Leveraging Momentary Outage and Optimization Open
$45.60- Information P
EPIC 3 $49.77
million 3.44 - Advanced Transformer Grid Modernization
. L Open
Protection and Optimization
3.47 - Operational Vegetation Cross-
Management Efficiency Through Novel Open

Onsite Equipment

Cutting/Foundational

Additionally, PG&E will report forward looking estimates of potential benefits if the

technology is deployed or is likely to be deployed in production upon closeout of each

EPIC project. This information will continue to support the joint EPIC database

directed in D.18-10-052. A summary of these benefits for the EPIC 3.11 is included in

Section B.

As of the end of 2025, thirty-three of PG&E’s EPIC 4 projects were open while one

EPIC 4 project was canceled during the year. The following table provides a high-level

summary of the EPIC 4 projects that were open or canceled at the end of 2025.
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TABLE 12: EPIC 4 - HIGH LEVEL PROJECT SUMMARY

Investment Period Total Funding Project Name EPIC 4 .Str.ateglc Project
Initiative Status
4.01 Propensity Modeling for EV Transportation
. e Open
Adoption Electrification
4.02 Socket of the Future & Residential Discaluf(?:éble Open
Single Family Home (SFH) EV P P
Resources
. DER Integration
4.02B Panel Avoidance and Load Flexibility Open
4.03 Residential Multi-Family Housing Transportation Open
(MFH) EV Solutions Electrification P
4.04 Home Charging, Distribution - Transportation Open
Managed Charging Electrification P
4.05 Dynamic Line Rating (DLR) & Asset
Health Monitoring (AHM) Grid Modernization Open
Demonstration
4.06 Subs.tatlon Predictive Grid Modernization Open
Maintenance
4.07 Battery Energy Storage System
(BESS) Controls for Capacity and DER Integration Open
Voltage Support on Electric and Load Flexibility P
Distribution
4.08 Non-Wires Alternatives (NWA) DER Integration
EPIC 4 $77;ii?::'95 Integration into Distribution Planning and Load Flexibility Open
4.09A Advanced Load Management . N
Analytics (ALMA) Grid Modernization Open
4.09B Aggregated Customers on DER Integration Open
Distribution Circuits and Load Flexibility P
. DER Integration
4.10 Local DER Orchestration and Load Flexibility Open
. . Clean,
4.11 Service Transformer Sited Energy . Canceled -
Dispatchable
Storage 2025
Resources
4.12 AC V2G and EV Virtual Power Plant  Clean,
Dispatchable Open
(VPP)
Resources
4.13 Fluid-free Steerable Boring Cllmate and Open
Environment
4.14 Underground Water and Sewer Climate and Canceled -
Asset Detection Bakeoff Environment 2024
4.15 X-Ray Unmanned Aerial Vehicle Climate and Canceled -
(UAV) System for Conductor Splices Environment 2024
4.16 Automated Unmanned Aircraft Climate and
System (UAS) Deployment System for Open

Alarm-Triggered Events

Environment
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TABLE 13 (CONTINUED)

EPIC 4

$77.13-$82.95
million

4.17 Reducing Ground Fault Currents

on Distribution Circuits in High Fire | Grid Modernization | C2n¢e'ed -
. 2024
Risk Areas
. e . Climate and
4.18 Rapid Wildfire Suppression Environment Open
. Climate and
4.19 Woody Supply Chain Environment Open
. Climate and
4.20 Secondary Fault Analysis . Open
Environment
. . . DER Integration
4.21 T&D Co-Simulation Modeling and Load Flexibility Open
4.22A CV Asset Registry Change Climate and
. s . Open
Detection - Distribution Environment
4.22B CV Asset Registry Change Climate and
. s . Open
Detection - Transmission Environment
4.23 Digital Substation Grid Modernization Open
4.24 Customer Electrification DER Integration Open
Experience and Load Flexibility
Clean, Open
4.25 Customer Engagement 2.0 Dispatchable
Resources
4.26 Distribution & Transmission Asset . . Open
Grid Modernization
Health
: Open
4.27.SP&D F:hatBot and In"u.Jrov.lng Grid Modernization
Service Delivery for Electrification
4.28 Residential Battery Grid Value _ Clean, Open
. Dispatchable
Demonstration
Resources
DER Integration Open
4.29T-Flex and Load Flexibility
. . . - Open
4.30 Pole Design Automation Grid Modernization
. - Open
4.31 Procurement Ops Grid Modernization
e e DER Integration Open
4.32 Asset Utilization and Load Flexibility
Open
4.33 Al-Enabled Megabundling Grid Modernization
4.34 Al-Enhanced Urban and WUI Fire Climate and Open

Conflagration Risk Model

Environment
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B. Project Status Report
This section summarizes progress across active EPIC projects, highlighting key
achievements, success stories, setbacks, and lessons learned over the past year
along with insights from fund-shifting activities that informed project reprioritization
and scope adjustments. This section also outlines impediments encountered during
implementation, describes how project teams adapted to evolving technical and

operational challenges, and details the actions taken to strengthen execution.

Project statuses are organized by PG&E’s five Strategic Initiatives in its EPIC 4

Investment Plan:

e Clean, Dispatchable Resources

e Grid Modernization

e Distributed Energy Resource Integration and Load Flexibility
e Transportation Electrification

e Climate and Environment

While these only apply to EPIC 4 projects, all EPIC projects are organized below by

Strategic Initiative with the EPIC 3 projects being included with the most relevant

Strategic Initiative.12 PG&E does not anticipate any regulatory barriers that may
impede sharing information or technology among those that could benefit from such
information and technology transfer for any of the projects below, unless otherwise

noted.

I. Strategic Initiative: Clean, Dispatchable Resources

In 2025, EPIC projects advanced PG&E’s ability to deploy and integrate clean,
dispatchable resources that improve grid reliability and customer resilience.

Progress included completing validation of behind-the-meter resources in

12 Organization to comply with “CPUC Staff Guidance for EPIC Annual Reports,” Email, February
26, 2025.
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microgrid operations (EPIC 3.11b), advancing foundational work to enable
bidirectional EV charging as a flexible grid resource (EPIC 4.12), and initiating new
efforts to demonstrate residential battery value for both customers and the grid
(EPIC 4.28). Together, these projects strengthen PG&E’s ability to deliver reliable,
low-emissions power during outages and peak conditions, supporting California’s

clean energy and resiliency goals.

EPIC 3.11 - Location-Specific Options for Reliability and/or Resilience Upgrades

EPIC Principle(s) Supported:
Increasing affordability; Increasing reliability; Improving environmental sustainability

2025 Progress:

EPIC 3.11, also known as the Redwood Coast Airport Microgrid (RCAM) project,
successfully demonstrated the first 100% renewable, multi-customer microgrid in
PG&E’s service territory. The microgrid is uniquely powered by third-party-owned
solar generation and battery storage operated by the Redwood Coast Energy
Authority (RCEA), enabling a new model of collaboration between PG&E, community
stakeholders, and community choice aggregators (CCAs). RCAM provided more than
51 hours of resilience across 12 grid events and supported critical facilities including
the regional airport and U.S. Coast Guard station. The project established
foundational technical and policy frameworks now used statewide, including the
Community Microgrid Enablement Tariff (CMET), Microgrid Operating Agreement
(MOA), Microgrid Islanding Study (MIS), and the Community Microgrid Enablement
and Incentive Programs.

Lessons Learned: Scaling community microgrids requires standardization of designs,

testing, and equipment, stronger vendor Factory Acceptance Testing, and clearer
processes to manage system changes over time. To support safe, reliable, and
repeatable deployment, operations must shift from manual coordination to
automated ADMS/DERMS solutions, supported by clear governance, defined
ownership, and well-established roles.

Challenges and Obstacles: Implementing a multi-customer community microgrid

required integrating non-standard equipment and advanced control architectures
into PG&E’s SCADA environment, necessitating extensive testing and validation to
maintain safety, protection, and operational authority. In parallel, a tightly

coordinated, multi-layer control architecture introduced significant cybersecurity
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complexity, requiring rigorous interface design and security review to ensure secure
operations while supporting real-time control and market participation.

Project Benefits: Estimated customer benefits reach $515,681 per year beginning in
2027-2029 as CMEP and MIP microgrids come online, increasing to a steady-state
benefit of $5.16M annually by approximately 2037-2039 as up to 15 microgrids

operate over their expected 10-year life. By demonstrating a safe, 100% renewable,
multi-customer microgrid and establishing standardized statewide frameworks,
RCAM provides a replicable model that reduces emissions, improves system safety,
and lowers future infrastructure and ratepayer costs.

EPIC 3.11b - Leverage Front of the Meter (FTM) and Behind the Meter (BTM) Distributed
Energy Resources (DERs) for Customer Enabled Resilient Microgrids

EPIC Principle(s) Supported:
Increasing affordability; Increasing reliability; Improving environmental sustainability

Potential Benefits at Full-Scale Deployment:
Increases reliability during a PSPS outage and reduces GHG emissions by reducing
the usage of diesel backup generators

2025 Progress:

In 2025, the BTM DERs in Microgrid project focused on validating how
behind-the-meter solar, storage, and other flexible customer resources can enhance
cleaner, more resilient microgrid operations during PSPS events. Throughout the
year, the team prepared for and conducted final testing while developing the
project’s Final Report, synthesizing technical results and operational lessons from
field deployments. By year-end, the project delivered a draft Final Report for internal
review, documenting how customer-sited resources can improve microgrid reliability
and reduce dependence on local fossil-fuel generation during outages, offering key
insights to inform future resilient microgrid deployments in high fire-threat, rural, and

PSPS-impacted communities.

EPIC 4.02A Socket of the Future & Residential Single-Family Home (SFH) EV

EPIC Principle(s) Supported:
Increasing reliability; increasing affordability; improving environmental sustainability

Potential Benefits at Full-Scale Deployment:
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Estimated $1B+ avoided grid and customer costs13. Avoids customer panel
upgrades and defers grid service upgrades by coordinating and optimizing DER
management including EVs and flexible loads.

2025 Progress:

The EPIC 4.02 project made significant progress toward enabling next-generation
home charging solutions designed to reduce the need for costly electrical panel
upgrades. The team established core workstreams, developed a detailed budget,
and expanded engagement with customers and vendors, with subsequent
adjustments made to reflect the project’s expanded scope. When vendor delays
emerged, the team streamlined components of the software approach and initiated
testing of an additional EVSE option through the Applied Technology Services (ATS)
facility. As the project moved toward customer deployment readiness, the team
resolved procurement blockers and secured more than 1,100 advanced meters,
completed user-acceptance testing for the enrollment and administrative portal, and
broadened the set of compatible charging solutions. The enrollment portal was
launched, participant screening and approvals began, the first charger installation
was supported, most required equipment was delivered, and Phase 1 ATS testing for
the meter-agent minimum viable product was completed, marking meaningful
progress toward a more flexible, lower-cost EV charging solution for single-family
homes.

EPIC 4.12 Alternating Current Vehicle-to-Grid (AC V2G) and EV Virtual Power Plant
(VPP)

EPIC Principle(s) Supported:
Increasing reliability; increasing affordability; improving safety

Potential Benefits at Full-Scale Deployment:
Avoids capacity-related grid upgrades by enabling AC V2G VPPs to support grid
capacity, load management, and local reliability

2025 Progress:

The AC V2G project made key foundational progress in 2025 to enable bidirectional
EV charging that supports grid operations, including expanded staffing, development
of the Business Plan, and CPUC approval of the project’s Advice Letter in September.

13 Customer Savings: Avoided customer costs of $3,000/panel upgrade and $6,500/service
upgrade supporting 1,000 customers in the project; Grid Savings: Grid upgrade deferral of
secondary transformers of ~$8,500/home deferral, based on 25% replacement rate and
$34,000/transformer average cost. If scaled up to >90,000 customers, total estimated savings
exceed $1B.
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The project team also advanced technical planning by deepening collaboration with
an automotive and technology provider to assess high-frequency power capabilities
and interoperability requirements; the provider formally agreed to participate in the
Hourly Flex Pricing (HFP) pilot workstream pending certification. By year-end, the
team was negotiating VGI contract terms, and the provider projected potential
deployment of roughly 7,500 bidirectional systems (about 75 MW) by 2027. These
developments position the project to evaluate how EVs can offer flexible capacity,
reduce peak demand, and strengthen grid resilience as transportation electrification
grows.

EPIC 4 Wave 2 Projects - Clean, Dispatchable Resources Initiative

In Q3/Q4 2025, the following project proposal was created internally and the
project was presented for public feedback at the EPIC 4 Wave 2 Public Workshop on
December 15, 2025. The project was officially approved and launched at the end of
December 2025.

e 4.25 Customer Engagement 2.0: This project enhances customer engagement
by testing new digital tools that deliver timely, easy to understand energy
insights for select residential segments, helping customers make informed
decisions while guiding PG&E’s broader strategy for future engagement and

technology deployment.

e 4.28 Residential Battery Grid Value Demonstration: This project seeks to
improve reliability by exploring cost-effective ways to deploy batteries that
provide both customer resilience and grid benefits, offering an alternative to
expensive traditional upgrades as outages rise and storage requirements grow

far beyond today’s levels.

Strategic Initiative: Grid Modernization

In 2025, EPIC projects made significant progress in modernizing grid operations
through enhanced sensing, analytics, automation, and planning capabilities. Key
efforts included advancing dynamic line rating technologies (4.05), and launching

advanced analytics to better understand load flexibility (EPIC 4.09A). In parallel,
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PG&E initiated a suite of new projects focused on digital infrastructure, asset
health, and Al-enabled planning tools. Collectively, these initiatives are building a
more intelligent, data-driven grid that can operate safely and efficiently amid

increasing complexity and change.

EPIC 3.13 - Transformer Monitoring via Field Area Network (FAN)

EPIC Principle(s) Supported:
Increasing affordability; Increasing reliability

Potential Benefits at Full-Scale Deployment:
Improves reliability by detecting failing transformers early and enabling proactive
replacement instead of reactive response.

2025 Progress:

The Transformer Monitoring project advanced its evaluation of sensor technologies
designed to detect overheating in distribution transformers before failures occur. In
2025, the team refined its analysis, validated technical findings, and progressed
closeout activities, culminating in the development of a comprehensive draft Final
Report that entered internal review. This report consolidates results to inform future
operational decision-making and will help PG&E determine how transformer
monitoring sensors can improve early detection of equipment issues, reduce outage

risk, and strengthen the reliability and resilience of the distribution system.

EPIC 3.15 - Proactive Wire Down Mitigation

EPIC Principle(s) Supported:
Increasing reliability; Improving safety

Potential Benefits at Full-Scale Deployment:
Decreases risk of wildfire ignition on distribution lines through rapid de-energization
upon fault detection.

2025 Progress:

The Proactive Wires Down Mitigation project made steady technical progress in 2025
as PG&E advanced development of equipment designed to rapidly reduce fault
current during wires-down events, a key component of wildfire-ignition prevention.
The team completed installation of upgraded relay controls to improve system
tuning, installed capacitance control hardware, and updated the Advanced

Distribution Management System (ADMS) to enable real-time monitoring and
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operation of the Rapid Earth Fault Current Limiter (REFCL). The project also initiated
evaluation of potential deployment sites to support the potential future expansion
from demonstration to operational consideration. Subsequent work focused on
troubleshooting and system readiness, including resolving firmware and metering
issues, replacing a faulty controller component, completing ADMS screen updates,
and beginning operator training while preparing the system for monitoring-mode
cut-in. The project moved into administrative closeout with the Final Report in review
and closeout activities underway, positioning the results to inform future
wildfire-mitigation strategy and any decisions around broader future deployment of
REFCL.

EPIC 3.43 - Service Issue Identification Leveraging Momentary Outage Information

EPIC Principle(s) Supported:
Increasing affordability; Increasing reliability; Improving safety

Potential Benefits at Full-Scale Deployment:
Avoids ignitions and unscheduled replacement of service transformers and
insulators by developing an algorithm to identify patterns to predict future outages.

2025 Progress:

EPIC 3.43 focused in 2025 on consolidating results from multiple technical
workstreams into a unified Final Report, integrating data from technology
evaluations, field observations, and performance analyses to assess how enhanced
momentary outage detection can improve system visibility and customer experience.
The team completed formal closeout activities and refined the report to translate
prior engineering and field work into actionable insights, despite no new field
deployments occurring during the period. Importantly, the uses cases successfully
demonstrated through this project established the technical foundation and
justification for PG&E’s 2027 General Rate Case (GRC) request to significantly
expand advanced smart meter capabilities, enabling more accurate identification of

brief service interruptions and improved, more timely information for customers.

EPIC 3.44 - Advanced Transformer Protection

EPIC Principle(s) Supported:
Increasing affordability; Increasing reliability

Potential Benefits at Full-Scale Deployment:
Eliminate substation transformer failing conditions before end of useful life by testing
and applying a novel protective relay.
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2025 Progress:

The Advanced Transformer Protection project made meaningful progress in 2025 as
the project team advanced the analytical and design capabilities needed to evaluate
new methods for predicting and preventing transformer failures. The team identified
and planned a suitable testbed location, refined engineering models to simulate
transformer behavior under stress, and ultimately selected an ATS site that avoided
impacts to high-voltage operations. Development work continued with completion of
transformer finite-element (FEM) and ATP models, advancement of the testbed
architectural design, and initiation of laboratory transformer modeling and
translation of both models into PSCAD for broader system-level simulation. Although
physicaltestbed construction will extend beyond 2025, the work completed
established the core modeling framework and infrastructure necessary to evaluate
advanced protection strategies that could reduce transformer failures and enhance
distribution system reliability.

EPIC 4.05 Dynamic Line Rating (DLR) & Asset Health Monitoring (AHM) Demonstration

EPIC Principle(s) Supported:
Increasing reliability; increasing affordability

Potential Benefits at Full-Scale Deployment:

Estimated $25M savings /year14. Reduces market congestion and curtailment of
generation on transmission lines by improving visibility into management of power
flows on constrained lines.

2025 Progress:

The EPIC 4.05 project began field demonstration of sensor technologies intended to
enhance transmission line utilization and asset visibility. Early project efforts focused
on completing contract negotiations establishing the foundational requirements to
begin design, engineering, and build activities. The team executed agreements with
multiple technology providers to test a diverse set of real-time monitoring solutions,
and approval of the Execution Plan, along with the first vendor contract, enabled the
project to transition into implementation. With sensor data collection and validation
extending through the full demonstration period, the projectis positioned to generate

insights into how dynamic line ratings and asset-health monitoring can improve grid

14 Reduction of generation curtailments: 20 lines * 20 MW per line * 40% capacity gain per hour *
20% capacity gain * (20% hours * 8,760 hours) * 40/MWh = $11M in annual savings. Reduction
of congestion: 10 lines * 200 MW per line * 20% capacity gain per hour * 10% capacity gain *
(20% hours * 8,760 hours) * 40/MWh = $14M in annual savings.
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efficiency, reduce operational constraints, and support greater integration of clean
energy resources.

EPIC 4.06 Substation Predictive Maintenance

EPIC Principle(s) Supported:
Increasing reliability; increasing affordability

Potential Benefits at Full-Scale Deployment:

Estimated $9M savings /year15. Avoids emergency, unplanned replacement of equipment
and reduces customer outages by testing and evaluating predictive algorithms to more
accurately predict maintenance for substation transformers.

2025 Progress:

EPIC 4.06 advanced development of a data-science model designed to assess substation
transformer condition and predict maintenance needs by completing internal business
planning, validating the data pipelines needed for Probability of Failure (PoF) and
Consequence of Failure (CoF) calculations, and implementing the underlying logic for
transmission transformer risk assessment. The team identified and resolved issues in key
data sources, such as transformer oil diagnostics and component information, ensuring
accurate and reliable inputs for model development. A prototype dashboard was also
created and reviewed with stakeholders, providing an early view of how model outputs will
support decision-making. With the transmission-connected substation transformer logic
completed, the team began developing distribution-connected substation transformer
calculations, progressing the project toward a scalable predictive-maintenance capability
that improves system reliability and supports customer benefits.

EPIC 4.09A Advanced Load Management Analytics (ALMA)

EPIC Principle(s) Supported:
Increasing affordability; improving environmental sustainability

Potential Benefits at Full-Scale Deployment:
Enables more cost-effective load-management program design through improved evaluation
of DER tradeoffs.

2025 Progress:
In 2025, the ALMA project concentrated on completing the contracting and governance steps
needed to begin analytical work, including PG&E’s participation in a broader industry effort

15 Estimate cost for each planned asset replacement is $8.1Mvs $12.75M for emergency
replacement, which equals about $4.5M in savings. Assuming at least 2 successful
interventions per year = $9M in annual savings.
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on integrated energy system planning and extensive revisions to the statement of
work and contract terms with its modeling provider. The project then began shifting
from administrative setup to technical development, working with the platform
provider to incorporate demand-side resources into the analytical environment, with
initial EV and dynamic pricing tests demonstrating promising load-flexing behavior.
The team also established a process for documenting load management
assumptions to support future scenario analysis in PLEXOS. As it progresses, ALMA
is expected to enhance understanding of how flexible demand can bolster reliability,
reduce infrastructure needs, and strengthen long-term grid planning for California
customers.

EPIC 4.23 Digital Substation

EPIC Principle(s) Supported:
Improving safety, increasing reliability; improving affordability

Potential Benefits at Full-Scale Deployment:
Improves operational reliability and safety by reducing cybersecurity risks, lowering
maintenance costs, and protecting personnel and property.

2025 Progress:

EPIC 4.23 advanced from planning into full laboratory build-out and commissioning.
The technical lead, vendor partners, and PG&E subject-matter experts collaborated
to develop and finalize the functional design for a dedicated IEC 61850
demonstration laboratory at PG&E’s Evolution Substation training facility.
Engineering artifacts—including logical diagrams, protection settings, panel designs,
and bills of material—were completed and refined through iterative reviews. The
design-build-commission vendor fabricated, delivered, installed, and wired the

IEC 61850 panels, after which the team completed configuration, system integration,
and Site Acceptance Testing. With the lab fully activated, the IEC 61850 core team
began hands-on evaluation of digital protection, automation, and control capabilities

to inform the design of PG&E’s first proof-of-concept digital substation.

EPIC 4 Wave 2 Projects — Grid Modernization Initiative

In Q3/Q4 2025, the following project proposals were created internally and the projects
were presented for public feedback at the EPIC 4 Wave 2 Public Workshop on
December 15, 2025. The project proposals and the projects were officially approved

and launched at the end of December 2025.
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4.26 Distribution & Transmission Asset Health: This project improves grid
reliability and reduces long-term maintenance costs by shifting from scheduled
visualinspections to predictive, data driven monitoring of overhead equipment,
enabling just in time repairs, fewer emergency responses, and smarter capital
deferral across millions of distribution assets.

4.27 SP&D ChatBot and Improving Service Delivery for Electrification: This
project improves the customer experience and reduces costly project
cancellations by providing early guidance and upfront cost estimates that help
customers make informed electrification decisions and narrow the gap between
estimated and actual project costs.

4.30 Pole Design Automation: This project demonstrates an enterprise wide,
data driven 3D digital twin and pole design platform to modernize PG&E’s single
pole replacement program, enabling integrated, physics-based analysis and a
next generation toolchain that improves accuracy, speed, and systemwide
coordination.

4.31 Procurement Ops: This project modernizes procurement by deploying an
enterprise grade, Al powered contract intelligence and compliance platform that
uses generative Al and document analysis technology to streamline contract
creation, interpretation, and enforcement across the full procurement lifecycle.
4.33 Al-Enabled Megabundling: This project focuses on developing a
“megabundling” approach to integrated grid planning that enables PG&E to
coordinate and bundle multiple infrastructure and maintenance activities into a

single, optimized work effort.

Strategic Initiative: Distributed Energy Resource Integration (DER) and
Load Flexibility

The ability to integrate an increasing number of DERs into the grid, and the

ability to understand, direct, optimize, and compensate for power flows on a high

renewables grid is central to meeting the State’s clean energy goals.
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In 2025, EPIC projects advanced PG&E’s ability to integrate and optimize
distributed energy resources (DERs) and flexible load across the grid. Progress
included developing next-generation residential DER integration solutions and
panel upgrade avoidance strategies (EPIC 4.02B), advancing battery control
systems for distribution-level support (EPIC 4.07), and expanding testing of
aggregated DERs and non-wires alternatives (EPIC 4.08, 4.09B). Additional efforts
established foundational planning tools such as T&D co-simulation and DER
orchestration frameworks (EPIC 4.21, 4.10). Together, these projects are enabling a
more flexible, responsive grid that can better accommodate increasing

electrification and renewable integration.

EPIC 4.02B — Panel Upgrade Avoidance

EPIC Principle(s) Supported:
Increasing affordability

Potential Benefits at Full-Scale Deployment:

Reduces customer costs, shortens installation timelines, improves the overall
experience, and minimizes grid impacts by providing homeowners with a cost-
effective smart load management hardware/software solution that enables
electrification with existing 100-150A service capacity.

2025 Progress:

The Panel Upgrade Avoidance project expanded engineering and program staffing,
initiated interoperability and integration discussions with multiple technology
vendors, and coordinated with ATS to define a structured test schedule for
meter-socket adapters and advanced smart panels capable of dynamic load
allocation. These activities established the analytical foundation for validating
whether these devices can reliably constrain aggregate customer load within
nameplate panel limits under varying operating conditions. By year-end, the team
transitioned from planning into initial execution, completing an early test plan,
securing Business Plan approval, and procuring smart panels to support controlled
lab assessments and future field demonstrations. This progress positions the project
to generate empirical performance data in 2026, supporting long-term objectives to
reduce electrification barriers, lower infrastructure upgrade requirements, and

enable cost-effective residential EV adoption across PG&E’s service area.
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4.07 — Battery Energy Storage System (BESS) Controls for Capacity and Voltage

Support on Electric Distribution

EPIC Principle(s) Supported:
Increasing reliability; increasing affordability; improving environmental sustainability;
improving equity

Potential Benefits at Full-Scale Deployment:

Estimated $50M savings from the EPIC demonstration itself16. Avoids capacity-
related conventional line construction by implementing a BESS solution for capacity
and voltage support.

2025 Progress:

EPIC 4.07 advanced key technical capabilities in 2025 as the project team built the
analytical and control infrastructure required to evaluate how distribution-connected
battery systems can provide local capacity and voltage support. Early-year efforts
focused on completing essential contracting and cybersecurity prerequisites to
enable detailed model development, after which the team verified the distribution
circuit simulation model, optimized the analytical framework, and progressed
development of the real-time control system in preparation for lab testing. Then, the
project transitioned into initial testing and commissioning, transferring the finalized
simulation model to PG&E’s ATS lab, completing early test bed commissioning, and
refining the formal test plan for full evaluation. ATS advanced into steady-state
testing and continued iterative improvements to the RSCAD model based on
preliminary results. Although field commissioning shifted to late 2026 due to
construction change orders, the work completed in 2025 established the core lab
environment and control architecture needed to assess how advanced BESS
controls can enhance grid flexibility, support voltage management, and defer
traditional distribution capacity upgrades.

EPIC 4.08 Non-Wires Alternatives (NWA) Integration into Distribution Planning

EPIC Principle(s) Supported: Increasing affordability

Potential Benefits at Full-Scale Deployment:

16 Avoided cost of conventional line construction (>$50M) to increase capacity by the same
amount on the specific Garberville line with the BESS solution.
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Estimated $20M savings /year'I7 when fully scaled. Reduces the need for costly,
wires-based grid upgrades through increased adoption of NWAs by seamlessly
integrating NWA solutions into the distribution planning process

2025 Progress:

In 2025, the EPIC 4.08 team advanced tools, processes, and analytical methods
needed to incorporate batteries, load flexibility, and other non-wires solutions into
traditional distribution planning workflows. The project progressed through testing of
the Track 2 methodology, including training distribution engineers to identify
candidate projects suitable for battery-based solutions, while Track 1 moved forward
through development of the statement of work and initial vendor engagement on
load-flexibility modeling. In parallel, Track 3 began shaping the analytical scope for
assessing asset utilization. As the work matured, the project incorporated more
applied planning activities, including facilitating LoadSEER workshops to enhance
load forecasting and systematically identify potential non-wires opportunities.

EPIC 4.09B Aggregated Customers on Distribution Circuits (ACDC)

EPIC Principle(s) Supported:
Increasing reliability; increasing affordability

Potential Benefits at Full-Scale Deployment:
Defers grid upgrades through a behind-the-meter Virtual Power Plant and other

DERs. The project is estimated to save $130M per year‘I8 when fully scaled.

2025 Progress:

The ACDC project made strong technical progress in 2025 as PG&E advanced its
evaluation of how aggregated behind-the-meter resources like solar, storage, and
smart devices can respond to distribution-level utility signals to support local grid
conditions. Early in the year, the team’s implementation partner executed contracts
with multiple aggregators, enabling a diverse portfolio of participating DERs, and the
team completed APl integrations to support real-time signaling for load-shaping
instructions. The project then initiated live operational testing, with several

17 Assumes that this tool will be able to identify an additional 10 NWA projects per year at scaled

deployment. It is also assumed that the typical NWA project saves $2M. 10 projects x $2M
savings = $20M /year.

18 Assumes the distribution value is $400 per kW-year and the system value is $150 per kW-year,

3.5 kW of demand is shifted per participant, there would be 272,250 participants, and 25% of
these benefits can be attributed to this project. (400 + 150) * 3.5 * 272,250 * 25% = $130M
/year. The number of participants comes from 5.5 million PG&E customers, assuming 15% are
on a constrained circuit, and 33% of them have a 3" party operated battery.
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aggregators demonstrating robust performance and targeted troubleshooting
underway for others. By October, all load-shaping demonstrations were completed,
marking a major milestone in validating multi-aggregator coordinated flexibility at the

circuit level. The project team then transitioned to development of the Final Report.

EPIC 4.10 Local DER Orchestration

EPIC Principle(s) Supported:
Increasing reliability; increasing affordability

Potential Benefits at Full-Scale Deployment:

Reduces overloads on distribution grid assets that could lead to a reduction in
outages and deferral savings by building capacity to coordinate and optimize
dispatching of all available front of the meter and behind the meter DERs.

2025 Progress:

The Local DER Orchestration project advanced key analytical groundwork by
developing a structured framework to evaluate how distributed energy resources can
be coordinated to meet localized grid needs. During Phase 1, the team created a
comprehensive framework that defines the attributes and rating criteria used to
compare orchestration strategies across current and future DER programs. As part of
broader portfolio reassessment activities, PG&E determined not to advance the
EPIC-funded field demonstration; however, the completed analytical framework was
transitioned to project partners to continue informing long-term planning and
evaluation of customer-sited flexible resources.

EPIC 4.21 EPIC T&D Co-Simulation Modeling

EPIC Principle(s) Supported:
Increasing affordability

Potential Benefits at Full-Scale Deployment:
Reduces cost of future transmission and distribution system build out through
optimized capacity upgrades, avoiding redundant upgrades.

2025 Progress:

The T&D Co-Simulation Modeling project focused on establishing the contractual
and technical foundations needed to integrate transmission and distribution
modeling. The team worked closely with the selected solution provider to initiate
contracting while navigating delays related to intellectual-property terms and general
conditions, which required extended legal coordination and revisions to the

engagement structure. As work progressed, the project achieved key milestones,
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including approval of the transmission-modeling contract and development of a draft
methodology for transmission load forecasting. These steps created the essential
groundwork for future development of an integrated co-simulation capability that can
improve planning accuracy, enhance system reliability, and support more holistic

grid operations.

EPIC 4.24 Customer Electrification Experience

EPIC Principle(s) Supported:
Increasing reliability; improving affordability

Potential Benefits at Full-Scale Deployment:

This project helps customers move from interest to EV adoption by simplifying
decisions and addressing key pain points—such as battery anxiety and choice
overload—so the process feels clearer, more affordable, and easier to navigate.

2025 Progress:

In 2025, the EPIC 4.24 project completed a robust customer discovery phase,
conducting 127 interviews to identify pain points such as battery anxiety, choice
overload, and perceived cost and complexity. These insights shaped the project’s
product direction, clarified feature priorities, and guided the development of a
customer-centered operating approach. The project team then completed eight
customer screening calls and achieved an early outcome with one participant

successfully adopting an EV.

EPIC 4 Wave 2 Projects - DER and Load Flexibility Initiative

In Q3/Q4 2025, the following project proposals were created internally and the projects
were presented for public feedback at the EPIC 4 Wave 2 Public Workshop on
December 15, 2025. The projects were officially approved and launched at the end of

December 2025.

e 4.29T-Flex: The T-Flex project accelerates “speed to power” for large customers
in constrained transmission areas by developing and lab testing a T-Flex
forecasting and signaling tool that enables more flexible, forward looking
transmission operations and informs whether to scale the approach

systemwide.
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e 4.32 Asset Utilization: This project improves grid efficiency and reduces costly
infrastructure upgrades by testing targeted load reallocation strategies that

increase asset utilization.

Strategic Initiative: Transportation Electrification

In 2025, EPIC projects strengthened PG&E’s ability to support widespread
transportation electrification through improved forecasting, infrastructure planning,
and managed charging solutions. Key milestones included advancing EV adoption
modeling capabilities (EPIC 4.01), developing scalable charging solutions for
multifamily housing (EPIC 4.03), and significantly expanding participationin
managed charging programs (4.04). These efforts improve PG&E’s ability to
anticipate and manage EV load growth, reduce localized grid impacts, and ensure
that charging infrastructure is deployed efficiently and equitably across its service

territory.

EPIC 4.01 Propensity Modeling for EV Adoption

EPIC Principle(s) Supported:
Increasing reliability; Increasing affordability

Potential Benefits at Full-Scale Deployment:
Supports affordability by predicting new EV-load growth, rightsizing service
transformer upgrades accordingly, and avoiding early replacement.

2025 Progress:

EPIC 4.01 made substantial technical progress as the project team enhanced its
forecasting capabilities to better predict where EV adoption is likely to occur and how
resulting load growth may affect the grid. The team expanded modelinputs by more
than 40 percent and introduced new machine-learning-based features to improve
predictive accuracy, generating a Santa Clara County EV adoption propensity and
temporal heat map that demonstrated strong recall and close alighment with system
forecasts. User testing followed to refine planner usability. As work progressed, the
project scaled from county-level analysis to a full-territory model, incorporating
DMV-related EV customer data, improving performance through causal analysis and
down-sampling, and validating one-year-ahead predictions against ground-truth
adoption data. The first full-territory EV adoption model was completed and
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benchmarked against other internal planning forecasts, positioning the tool to
support more accurate long-term electrification planning and more effectively
targeted grid investment.

EPIC 4.03 EV Solutions for Parking-Constrained Residences

EPIC Principle(s) Supported:
Increasing affordability

Potential Benefits at Full-Scale Deployment:
Increases adoption rates for EVs by exploring effective pathways to best support
parking constrained customers with appropriate EV charging solutions.

2025 Progress:

In 2025, EPIC 4.03 evaluated scalable charging approaches for residents of
apartments and other multi-family properties. The team selected a preferred vendor
to evaluate solutions for parking-constrained customers and completed contracting,
enabling work to begin on schedule. As the project progressed, the team and its
vendor partners developed a detailed market analysis to identify customer pain
points, benchmark existing charging offerings, and estimate the potential market size
across PG&E’s service area. Research then expanded to include market sizing,
soft-cost assessment, and an analysis of jurisdictional permitting requirements.
Customer pain-point identification was completed, market-sizing work neared
completion, and AHJ-focused evaluation was prepared to proceed. The project will
culminate in a publicly available report outlining actionable, informed by a
comprehensive field demonstration, outlining scalable pathways to expand EV
charging access for renters and multi-family property owners, supporting CPUC
equity objectives and California’s transportation electrification goals.

EPIC 4.04 Home Charging, Distribution — Managed Charging

EPIC Principle(s) Supported:
Increasing reliability; increasing affordability; improving environmental sustainability

Potential Benefits at Full-Scale Deployment:
Avoids outages and emergency replacement of service transformers by orchestrating
residential EV charging.

2025 Progress:
The Home Charging, Distribution — Managed Charging project made significant
technical progress in 2025 as the project team expanded participation in its
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grid-aware EV charging program and increased the number of distribution
transformers operating under managed charging controls. Enrollment grew from
2,901 vehicles at the start of the year toward the 7,500-vehicle target through a new
recruitment campaign, surpassing 6,100 participants by June as PG&E activated
grid-aware, distribution-integrated smart charging functionality across thousands of
service transformers and extended the program into San Mateo County. The project
then began demonstrating operational value and early results, indicating measurable
reductions in transformer-level peak loading. By December, the program had
enrolled 6,240 vehicles and deployed grid-aware orchestration across more than
4,500 transformers, while also expanding scope to validate DERMS integration,
standardize aggregator communications, and test customer enrollment and
participation through ongoing incentives that simulate on-bill rewards. The progress
achieved in 2025 underscores the potential of managed charging to support growing
EV adoption, reduce localized grid stress, enhance transformer health, and lower
long-term distribution upgrade requirements.

Strategic Initiative: Climate and Environment

In 2025, EPIC projects advanced a broad portfolio of technologies and strategies
aimed at improving grid safety, reducing wildfire risk, and supporting environmental
sustainability. Progress included improving outage detection and transformer
protection capabilities (EPIC 3.43, 3.44) and demonstrating innovative vegetation
management and wildfire suppression solutions (EPIC 3.47, 4.18, 4.19). Additional
efforts focused on deploying automated drone systems to improve situational
awareness and response times (EPIC 4.16), improving underground construction
methods, fault detection, and asset visibility (EPIC 4.13, 4.20, 4.22A/B), as well as
launching new Al-driven risk modeling initiatives. Together, these projects enhance
PG&E’s ability to operate safely in a changing climate while reducing environmental

impact and improving community resilience.

EPIC 3.41 - Drone Enablement and Operational Use

EPIC Principle(s) Supported:
Increasing affordability
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2025 Progress:

The Drone Enablement project concluded with the completion of PG&E’s multi-year
evaluation of automated and Beyond Visual Line of Sight (BVLOS) drone technologies
for utility inspections. The project team finalized all documentation and produced a
comprehensive Final Report summarizing vendor demonstrations, BVLOS testing
outcomes, operational learnings, and data-quality assessments. With the report
published and project activities formally closed, PG&E has established a clearer
understanding of the capabilities and limitations of dock-based autonomous drone
systems, as well as the FAA waiver requirements and internal processes needed to
support remote operations. These findings will inform future drone deployment
strategies aimed at improving inspection efficiency, reducing field-access risk, and
enhancing overall operational safety.

Lessons Learned: The project demonstrated that rigorous vendor selection,

regulatory engagement, and centralized operation readiness are critical enablers for
scaling remotely operated and automated drone programs. Through real-world
testing across grid use cases, PG&E validated the feasibility of BVLOS operations,
identified technology strengths and gaps, and established foundation processes that
will inform future UAS procurement, operations, and program expansion.

Challenges and Obstacles: The project highlighted that advancing automated and
BVLOS drone operations requires integrating early-stage technologies and validating

their performance through a deliberate, phased deployment approach, with sensor
quality, range, and battery performance emerging as key constraints on scalability.
While the long-term operational and cost-reduction potential of autonomous drone
platforms is strong, current market offerings are not yet sufficiently mature or reliable
to support system-wide deployment, underscoring the need for continued
technology evolution. In parallel, navigating FAA regulatory requirements proved
complex but achievable, with the successful BVLOS waiver demonstrating PG&E’s
ability to meet advanced safety standards and establishing a regulatory and
operational foundation for future expansion.

Project Benefits: EPIC 3.41 demonstrated that automated and BVLOS drone
operations have the potential to materially improve safety by reducing the need for

truck rolls, helicopter patrols, and on-foot inspections, while also accelerating
inspection and alert validation to support grid reliability. By enabling faster, remote
situational awareness with electric aircraft, the project showed a path toward lower
inspection-related O&M costs, reduced GHG emissions, and more consistent, high-
frequency asset visibility as drone technologies continue to mature.
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EPIC 3.47 - Operational Vegetation Management Efficiency Through Novel Onsite
Equipment

EPIC Principle(s) Supported:
Increasing affordability; Improving environmental sustainability

Potential Benefits at Full-Scale Deployment:

Reduce operations and maintenance costs related to wood management and reduce
GHG and air pollution emissions by demonstrating novel woody biomass
technologies.

2025 Progress:

EPIC 3.47 made strong progress in 2025 as PG&E advanced demonstrations of onsite
biomass-processing technologies aimed at reducing wildfire fuel, lowering
vegetation management costs, and decreasing emissions associated with debris
hauling. Carbonizer units deployed in Nevada and Lake Counties entered operation,
enabling PG&E, vendors, and stakeholders to assess system performance under real
field conditions, and early deployment activities concluded with draft documentation
of operational lessons learned. The project then focused on integrating results from
multiple technology demonstrations into a consolidated Final Report, providing a
comprehensive evaluation of onsite biomass-to-biochar and related processing
approaches. This work establishes a technical basis for assessing how these
technologies could scale to support safer, cleaner, and more cost-effective
vegetation management practices that directly reduce wildfire risk.

EPIC 4.13 Fluid-free Steerable Boring

EPIC Principle(s) Supported:
Increasing reliability; increasing affordability; improving environmental sustainability;
improving safety

Potential Benefits at Full-Scale Deployment:
Reduces cost of undergrounding powerlines with novel boring technology

2025 Progress:

The Fluid-Free, Directional Boring project encountered early challenges in 2025 when
disruptions with the initial technology partner prompted PG&E to reassess its
strategy and broaden the search for fluid-free underground construction solutions
aimed at reducing environmental impact and operational risk. Following
vendor-related uncertainty, the team issued a Request for Information to identify
alternative technologies capable of delivering directional boring without drilling
fluids. A subsequent re-scoping effort expanded technical evaluation to 45 potential
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vendors, enabling a more comprehensive market assessment and narrowing the field
to four candidates selected for on-site demonstrations planned for the next phase.
Although the project required strategic redirection, the broadened technology review
positioned PG&E to evaluate a wider set of innovative solutions that could enhance
construction efficiency, reduce environmental impacts, and improve undergrounding
practices.

EPIC 4.16 Automated Unmanned Aircraft System (UAS) Deployment System for Alarm-
Triggered Events

EPIC Principle(s) Supported:
Increasing reliability; increasing affordability; improving environmental sustainability;
improving safety

Potential Benefits at Full-Scale Deployment:

Improves affordability and increases safety and reliability of the system by providing
a faster and potentially more cost-effective means of investigating potential grid
issues.

2025 Progress:

In 2025, EPIC 4.16 made substantial progress toward deploying drone systems
capable of autonomously responding to grid events, completing key cybersecurity
reviews and executing all software and hardware contracts by mid-year, with
equipment deliveries beginning in late summer. The project then shifted into field
deployment and validation, installing all drone docking stations and securing
necessary cybersecurity clearances, enabling operational testing. At year end, the
team was validating automated flight operations and preparing for data integration
with PG&E systems, positioning PG&E to advance toward a “drone first responder”
capability that can enhance situational awareness, reduce response times, and

support wildfire mitigation and outage response efforts.

EPIC 4.18 Rapid Wildfire Suppression

EPIC Principle(s) Supported:
Improving safety; improving environmental sustainability

Potential Benefits at Full-Scale Deployment:

Reduces wildfire risk, avoids fire and smoke-related health, environmental, and
economic impacts, and prevents infrastructure disruption by demonstrating drone-
enabled wildfire suppression technologies.
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2025 Progress:

EPIC 4.18 advanced in 2025 as PG&E evaluated multiple emerging technologies
aimed at detecting and suppressing wildfires at their earliest stages, initiating
demonstrations with a rapid-response technology provider following initial permitting
delays and progressing additional vendor engagements through the RFP process to
ensure a diverse solution set. The effort expanded into a multi-vendor demonstration
phase that included planning and testing for systems such as drone-based
suppression platforms and acoustic fire-suppression technologies, while the team
refined evaluation criteria and prepared for future field activities despite delays from
external factors. Work progressed to prepare for next-phase demonstrations,
positioning the project to evaluate scalable rapid-response technologies that reduce
wildfire risk and enhance community safety.

EPIC 4.19 Woody Supply Chain

EPIC Principle(s) Supported:
Improving safety; improving environmental sustainability; improving equity

Potential Benefits at Full-Scale Deployment:

Supports rural economic development, reduces wildfire risk, and reduces PG&E’s
vegetation management costs by demonstrating the use of novel biomass
processing technologies.

2025 Progress:

The Woody Supply Chain project made strong progress in 2025 as the project team
advanced development of more efficient and sustainable pathways for managing
vegetation debris generated through wildfire-mitigation activities previously explored
in EPIC 3.47. The team onboarded a biomass market-facilitation platform to connect
PG&E’s woody material with potential end-use markets and refined scopes of work
with multiple solution providers to build an integrated supply-chain ecosystem.
Several vendors began active work across processing, logistics, and market
development, while the project team strategically narrowed its focus by
discontinuing less viable pathways and concentrating efforts on the most promising
technologies. Key vendor activities progressed toward completion. These efforts
support the creation of scalable approaches to reduce waste, lower

vegetation-management costs, and enable beneficial reuse of woody biomass.
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EPIC 4.20 Secondary Fault Analysis

EPIC Principle(s) Supported:
Improving safety, increasing reliability; improving environmental sustainability

Potential Benefits at Full-Scale Deployment:
Reduces wildfire risk through detection of faults in secondary lines that could lead to
ignitions

2025 Progress:

EPIC 4.20 advanced testing and analytical capabilities to improve detection and
characterization of secondary-side electrical failures. The team developed the Phase
A Execution Plan and prepared for laboratory evaluation at the ATS facility, assessing
detection technologies from multiple vendors. The project then executed a series of
controlled laboratory tests, including scenarios involving connector failures,
conductor overloads, vegetation contact, and transformer winding faults, enabling
ATS to begin building a waveform reference library and refining analytical detection
models. The work completed delivered important early insights that will inform future
efforts to improve secondary fault detection, enhance system safety, and reduce

outage risk.
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EPIC 4.22A and 4.22B Computer Vision (CV) Asset Registry and Asset Condition
Detection - Distribution

EPIC Principle(s) Supported:
Improving safety, increasing reliability; improving affordability

Potential Benefits at Full-Scale Deployment:

Estimated $12M savings /year19. Reduces labor costs to review images to validate
asset attributes and find anomalous asset conditions. Reduces risk of asset failure
through faster identification of defective assets conditions

2025 Progress:

EPIC 4.22, which is implemented as two closely coordinated efforts addressing
distribution (4.22A) and transmission (4.22B), is demonstrating the feasibility of using
artificial intelligence and computer vision to automatically identify PG&E assets in
imagery, determine their attributes, and assess their condition in support of a more
complete, current, and reliable Asset Registry. Although structured as separate
projects, EPIC 4.22A and EPIC 4.22B are executed as a unified initiative with shared
development activities, evaluation frameworks, and deliverables.

In 2025, after initial schedule delays, the project stabilized with the onboarding of a
new project manager and the development of structured evaluation criteria for
assessing both internal and external change-detection approaches. Introductory
engagements and technical reviews were completed with numerous providers,
followed by baseline testing of 15 model libraries. The team then conducted targeted
tuning and retesting across 14 providers to support comparative assessment of
inventory and condition-assessment approaches. In parallel, the project assessed

19 Currently, it takes approximately %2 hr to complete an inspection of a distribution pole and
associated components. At a labor rate of $100/hr, a full year of inspections on 220,000
Distribution structures equates to $11M. A full year of inspections on 50,000 Transmission
structures equate to $5M. The implementation of computer vision models can eliminate
manual inspections as the “first pair of eyes”. However, an increase in the level of human-in-
the-loop quality control (QC) will be needed. PG&E assumes QC is needed on 25% of all
inspections.

For distribution, this is an expense of 1/2hr x $100/hr x (220,000) x 25% = $2.75M. The total
estimated savings on Distribution inspections equates to $11M - $2.75M = $8.25M.

For transmission, this is an expense of 1/2hr x $100/hr x (50,000) x 25% = $1.25M. The
estimated savings on Transmission inspections equates to $5M - $1.25M = $3.75M per year.
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model-development acceleration tools capable of reducing build cycles by up to
65% and advanced a model-agnhostic architecture to ensure flexibility and
interoperability as Al capabilities and vendor ecosystems evolve. These evaluation
activities culminated in the launch of a competitive RFP, progressing the effort from
planning into external solution identification and preparing PG&E for the next phase
of execution.

EPIC 4 Wave 2 Projects - Climate and Environment Initiative

In Q3/Q4 2025, the following project proposal was created internally and the project
was presented for public feedback at the EPIC 4 Wave 2 Public Workshop on December
15, 2025. The project was officially approved and launched at the end of December

2025.

e 4.34 Al-Enhanced Urban and WUI Fire Conflagration Risk Model: This project
aims to enhance PG&E’s ability to assess and mitigate wildfire risk in urban and
wildland-urban interface (WUI) areas by developing an Al-enabled fire

conflagration risk model.

C. EPIC Intellectual Property

No patent applications were filed in 2025 for EPIC projects. PG&E has been
granted 10 patents for past EPIC technologies. For patents granted in prior years,
please see past filed annual reports at https://www.pge.com/epic. PG&E continues
to consider opportunities to license patents, as well as opportunities to identify

additional Intellectual Property in its EPIC portfolio and other projects.
D. Project Descriptions and Updates

Detailed project descriptions and updates can be found in the PICG database

at https://www.epicpartnership.org/. This database includes EPIC 3 and EPIC 4

projects that are currently active, have closed, or that have been canceled.
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5. Conclusion

A. Key Results for the Year for PG&E EPIC Programs

In 2025, PG&E continued to advance the EPIC Program as a cornerstone of its
innovation strategy, delivering significant progress across EPIC 3 and EPIC 4 projects
while strengthening the program’s administrative rigor and readiness for future
investment cycles. At the portfolio level, EPIC projects addressed critical challenges
facing California’s electric system while maintaining strong coordination with the
CPUC, Program Administrators, research institutions, and community stakeholders.
Together, these efforts reflect PG&E’s commitment to translating TD&D into solutions

that can be scaled to benefit customers statewide.

Several efforts represent key accomplishments for the year. Through EPIC 3.11,
the Redwood Coast Airport Microgrid successfully demonstrated the first 100%
renewable, multi-customer microgrid in PG&E’s service territory, delivering resilient
services through multiple grid events and supporting critical regional facilities. Beyond
its operational success, the project was instrumental in informing the design and
implementation of PG&E’s Community Microgrid Enablement Program (CMEP) and
Microgrid Incentive Program (MIP). Lessons learned from 3.11 helped lower barriers for
future community microgrids and enable cleaner, more resilient local energy

solutions.

Similarly, EPIC 3.41, Drone Enablement and Operation Use, completed PG&E’s
multi-year evaluation of automated and Beyond Visual Line of Sight drone
technologies. The project provides a clear, evidence-based understanding of the
capabilities, limitations, and regulatory requirements associated with dock-based
autonomous drone operations. Its outcomes demonstrated meaningful system
benefits including improved worker safety faster asset inspections, reduced
operational costs, lower greenhouse-gas emissions, and enhanced situational
awareness. These learnings directly informed and enabled EPIC 4, which advances the
work by operationalizing drones as first responders to alarm-triggered events such as

failed assets or potential ignitions.
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Other noteworthy EPIC 4 projects from 2025 include EPIC 4.02A (Panel Upgrade
Avoidance) which completed initial customer deployments and successfully
demonstrated dynamic EV charging that safely adjusts load in real time. In parallel,
grid-capacity and asset-optimization efforts such as EPIC 4.05 (Dynamic Line Ratings),
EPIC 4.07 (Advanced BESS controls), and EPIC 4.22 (Computer Vision for Asset
Inspections) advanced through validation and demonstration, positioning these
technologies to improve efficiency and reduce the need for traditional infrastructure

upgrades.

At the program level, PG&E conducted a comprehensive process to determine
how best to allocate the full EPIC 4 budget to projects with the greatest potential
benefit to customers. This disciplined effort re-evaluated every active EPIC 4 project
for strategic alignment, ratepayer benefit, execution readiness, and long-term impact.
By responsibly descoping projects, PG&E identified approximately $7 million in savings
and redirected those funds toward a targeted set of eight new EPIC 4 Wave 2 projects.
These new projects were sourced through both internal innovation channels and a

public Pitch Fest.

Collectively, these outcomes affirm PG&E’s role as an effective EPIC Program
Administrator and demonstrate its ability to steward ratepayer funds responsibility

while advancing innovation that delivers real value to customers.

B. Next Steps for EPIC Program and EPIC 5 Investment Plan

In coordination with the other EPIC Administrators, PG&E will remain actively
engaged in annual stakeholder workshops, EPIC symposiums, and dedicated
engagement sessions with Disadvantaged and Vulnerable Communities (DVCs) and
Tribes. These forums will provide ongoing opportunities to share project updates,
surface community and stakeholder priorities, and gather meaningful input that
informs continued EPIC 3 and EPIC 4 execution. PG&E will also continue promoting
awareness of its EPIC projects through internal communications, external forums,
industry partnerships and public events to support an open dialogue across a broad

set of stakeholders.

-51-



As part of preparation for the EPIC 5 Investment Plan, PG&E is advancing targeted
engagement strategies to ensure the plan reflects equity priorities and remains aligned
with internal strategic frameworks, including the R&D Strategy Report and True North
Strategy. This includes development of a Community Engagement Plan and outreach
to DVCs, Tribes, and advisory groups to gather feedback on proposed investment
areas. PG&E will also participate alongside the other Administrators in the PICG-
facilitated post-submission workshop, where each Administrator’s EPIC 5 Investment

Plan will be presented and public input with be solicited.

Internally, PG&E is planning proactively for EPIC 5 Wave 1 project selection to
minimize gaps between Investment Plan authorization and project launch. This
forward planning is intended to support continuity of innovation activity and accelerate

deployment of high-impact projects.
C. Issues That May Have Major Impact on Progress in Projects

Although PG&E has received authorization in principle to continue as an EPIC
Program Administrator, the timing of EPIC 5 Investment Plan approval creates a
condensed window to initiate new projects in the next cycle. This shortened ramp-up
period may require accelerated planning, procurement, and project startup activities.
PG&E is actively preparing for this transition by refining the internal frameworks,
workplans, and systems needed to support efficient project selection and execution

once EPIC 5 Investment Plans are approved.

More broadly, EPIC projects operate within a rapidly evolving technology and
market environment, similar to many R&D efforts. Several external factors may

influence the pace or trajectory of individual project over time, including:

e Shifts in market conditions that reduce the relevance or urgency of a

proposed technology relative to alternate solutions

e The emergence of new tools, platforms, or approaches that offer greater
insight, performance, or cost-effectiveness than those envisioned when a

project was originally proposed
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e Technical maturity challenges, where a technology does not mature
quickly enough to support later-stage demonstration or commercialization

objectives

e Changes invendor participation, including reduced interest due to
demonstration scale, evolving business models, or strategic

reprioritization that no longer aligns with project goals

PG&E mitigates these risks through proactive portfolio management and
continues coordination with internal subject-matter experts and external partners. A
central component of this mitigation strategy was a structured portfolio review
process. This disciplined process enabled PG&E to responsibly de-scope or
discontinue projects that no longer met project objectives and reallocate funding to

higher-impact opportunities.
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1 Executive Summary

This report summarizes the project objectives, technical results and lessons learned for EPIC Project
3.11 — Location-Specific Options for Reliability and/or Resilience Upgrades, also referred to as the
Redwood Coast Airport Microgrid (RCAM), as listed in the EPIC Annual Report. The project was
authorized in June 2019 and concluded in July 2023.

1.1 RCAM Project Context

Over the past 10 years, the United States, and California in particular, have experienced an increased
frequency of climate change related natural disasters which have led to longer and more frequent
disruptions of power. In the face of these new challenges, utilities, communities, and individual
customers are seeking to enhance resiliency of the energy system including through the development
and deployment of microgrids. Microgrids can be a useful tool in providing energy resilience during
broader grid disruptions.

The demand for this functionality is increasing, particularly at critical facilities that are prone to natural
disasters and/or de-energization due to Public Safety Power Shutoff (PSPS) events. Behind-the-Meter
(BTM) Microgrids have long been a viable solution to serve this resilience need for individual
customers or private campuses using customer-owned generation. However, there was neither a
regulatory pathway nor the technical understanding within the industry to create “Community
Microgrids” which could leverage third-party owned generators to provide this same support to
multiple customers across utility-owned distribution assets.

To bridge this gap between the needs of California communities and the industry’s capabilities, the
EPIC 3.11 project “Location-Specific Options for Reliability and/or Resilience Upgrades” henceforth
referred to as the “Redwood Coast Airport Microgrid (RCAM)” project was developed with the primary
goals to:

a. Solve the regulatory, technical, and operational challenges required to integrate Community
Microgrids within PG&E’s distribution system.
b. Establish a replicable model to deploy similar projects across PG&E’s territory.

The RCAM project was developed in partnership with the local Community Choice Aggregator (CCA),
the Redwood Coast Energy Authority (RCEA) who owns and operates the generation resources, and
the Schatz Energy Research Center (Schatz Center) of Cal Poly Humboldt who provided the
engineering, procurement, and construction management services. The project was funded through a
California Energy Commission (CEC) EPIC grant to the Schatz Center and a loan from United States
Department of Agriculture (USDA) to RCEA, in collaboration with PG&E’s EPIC 3.11 RCAM Project.
PG&E’s budget for the project was $3.1MM while the total project budget for all project partners was
around $15MM.

1.2 RCAM Project Overview

RCAM is California’s first 100% renewable multi-customer Community Microgrid. It is the culmination
of five years of research and innovation across a dozen PG&E teams and external partners including
the keystone partners of the Schatz Center and RCEA. The project features a 2.3 MW DC-coupled
Battery and PV generator owned by RCEA at the Redwood Coast-Humboldt County Airport in
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McKinleyville, CA that uses PG&E’s distribution infrastructure to provide energy resilience for
Humboldt County’s geographically isolated regional airport! and the neighboring U.S. Coast Guard -
Sector Humboldt Bay? which maintains search and rescue missions for 250 miles of remote, rugged
coastline.

RCAM is the joint responsibility of both PG&E and RCEA (Figure 1). While PG&E maintains primary
control over the microgrid and owns and operates the distribution circuit, RCEA owns and operates the
front-of-the-meter (FTM) DC-coupled 2.2MW PV and 2.3MW/8.8MWh Battery Electric Storage System
(BESS) that participates in the wholesale market during blue sky days. In addition, RCEA owns and
operates a separate 300kW PV system participating under the Net Electric Metering (NEM) tariff. At
installation, the microgrid served 19 customers with an average load of 175kW and a maximum load of
360kW.

Figure 1: RCAM Overview

Under normal conditions RCEA operates the FTM BESS in the wholesale market and reserves a defined
capacity to provide resilience in case of an unplanned grid outage. If an outage occurs on the PG&E
source side of the PG&E islanding device the microgrid will seamlessly island and support all assets

1 Humboldt County Airport, CA | Official Website (flyacv.com)
2 Sector / Air Station Humboldt Bay (uscg.mil)
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within the microgrid with power from the BESS. Once grid power is restored, RCAM will seamlessly
transfer back to a grid-connected mode automatically after a defined period.

Settlement for market and NEM participating assets within the microgrid was unchanged even when
islanded. This proved beneficial in reducing the complexity of the tariff by keeping the roles and
responsibilities unambiguous, preventing cost shifts to non-participating PG&E customers, and
protecting the revenue streams of the participating assets.

1.3 Key Objectives and Accomplishments

RCAM was a seminal project in the deployment of community microgrids in California. It not only
provided a blueprint for technical implementations of community microgrids but also laid the
groundwork for the Community Microgrid Enablement Tariff (CMET)3, the corresponding Community
Microgrid Enablement Program (CMEP)#, and California’s Microgrid Incentive Program (MIP) > which
will provide $200M statewide for Community Microgrid development.

The following outlines the key objectives and accomplishments by PG&E in support of the goal of
developing scalable and replicable approaches to planning, designing, deploying, and operating multi-
customer microgrids in California.

Objective 1: Support the technical design and deployment of a Community Microgrid.

Accomplishments:

e PG&E, the Schatz Center, and vendor partners developed a novel microgrid design
implementation that shared control between PG&E with primary oversight of the system, and
RCEA with control over the generation assets.

e PG&E’s Real-Time Digital Simulation (RTDS) testing and Power-Hardware-in-Loop (PHIL) testing
identified multiple issues that were then resolved to confirm proper operation of the microgrid
under various abnormal conditions prior to field deployment.

e PG&E developed and installed new distribution equipment necessary to island the microgrid in
coordination with RCEA’s microgrid equipment.

e RCAM was placed in service as a Community Microgrid on May 26, 2022, after passing all
commissioning tests.

Objective 2: Demonstrate how microgrids can increase resiliency and reduce the customer impacts
of extended outages from natural disasters, including Public Safety Power Shutoffs (PSPS) during
severe wildfire weather conditions.

Accomplishments:
e RCAM has thus far provided over 51 hours of incremental resilience to critical infrastructure
within the microgrid.

3 www.pge.com/tariffs/assets/pdf/tariffbook/ELEC SCHEDS E-CMET.pdf
4

www.pge.com/en/save-energy-and-money/rebates-and-incentives/community-microgrids.html?vnt=mip
www.pge.com/assets/pge/docs/save-energy-and-money/rebate-and-incentives/PGE-MIP-Handbook.pdf

5
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RCAM provided resilience through 12 grid events, including a 6.4 earthquake and multiple
atmospheric river conditions that caused long-duration outages on the PG&E assets that
normally serve the customers within the microgrid footprint.

RCAM was able to automatically and seamlessly island and return to normal for a majority of
the outage events.

Objective 3: Develop advanced testing capabilities at PG&E’s Applied Technology Services (ATS) labs
to configure and validate future third party microgrid equipment.

Accomplishments:

ATS developed a state-of-the-art Microgrid Testbed and demonstrated that it could provide
microgrid controller and DER integration, control, and stability testing via a RTDS and PHIL
testing platform.

ATS testing identified and troubleshot multiple issues that needed to be resolved, highlighting
the nascency of the market, and the need for more standardized processes.

The testing by ATS informed the novel Microgrid Islanding Study (MIS), a valuable output of
the EPIC 3.11 project for future Community Microgrids.

ATS testing informed the standardization of microgrid equipment and configurations approved
for use on PG&E’s distribution grid.

Objective 4: Develop scalable approaches for future Community Microgrids.

Accomplishments:

PG&E developed, and the California Public Utilities Commission (CPUC) approved, CMET,
CMEP, and MIP to support statewide Community Microgrid efforts.

PG&E developed the Microgrid Operating Agreement (MOA) under which RCAM and its
successor Community Microgrids will operate, and established roles within PG&E to support
the development lifecycle of Community Microgrids.

PG&E developed an industry first formalized study process dedicated to the evaluation and
operational performance of Community Microgrids in the MIS.

Lessons learned from deploying RCAM were published in the Community Microgrid Technical
Best Practices Guide® defining reference architectures and design standards for future
Community Microgrids.

1.4 Key Takeaways and Recommendations

The following provides a summary of PG&E’s key takeaways and recommendations in deploying RCAM
in both policy and technical areas.

Policy Takeaway 1: Independent evaluation of Community Microgrid operational modes streamlines
the implementation of new processes and tariffs.

To scale microgrid development, it was critical that the tariff and associated development processes
did not conflict with or unduly impact any existing rules, processes, and standards for grid-connected

& Community Microgrid Technical Best Practices Guide (pge.com)
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interconnection and operation (e.g., Rule 21, Wholesale Distribution Tariff, etc.). The CMET
accomplishes this by restricting its governance to islanded mode only and leverages existing relevant
rules and tariffs wherever possible, as when grid-connected.

Additionally, by establishing an independent Microgrid Islanding Study as a counterpart to the System
Impact Study and Facility Studies required for the grid-connected interconnection process, PG&E
engineers were able fully study the Community Microgrid without impacting the strict timelines under
the Wholesale Distribution Tariff (WDT)".

Recommendations:

e Preserve the grid-connected interconnection rules and processes to the greatest extent
possible. Programmatic components such as the CMET and the MOA must be consistent with
existent interconnection rules and processes.

e Establish an independent MIS process to evaluate the novel technical and operational
elements of community microgrids separate from the established study for generation grid-
connected operational modes.

Policy Takeaway 2: Establish clear roles and responsibilities.

Community Microgrids introduce potential ambiguity related to operational responsibilities and
liability in that they rely on both third-party owned and operated project resources (i.e., generation)
and utility-owned distribution grid assets to energize critical facilities when the broader grid is down.

A “clear bright line” needed to be established for microgrid asset ownership and control to ensure no
third-party or their equipment had operational control of PG&E assets without PG&E permission. This
allows PG&E to remain as the distribution grid owner and operator during grid-connected and islanded
scenarios. The CMET, MOA, and Jurisdictional Boundaries Letter of Agreement were three critical
documents used to define and enforce these roles and responsibilities.

Recommendations:

e When updating tariffs or agreements, ensure the roles and responsibilities are unambiguous
and, to the greatest extent possible, consistent with the typical roles, responsibilities, and
obligations established under existing interconnection agreements.

e Maintain a “clear bright line” in terms of community microgrid ownership and control

e Have a single third-party countersigner (e.g., a CCA) to all agreements with the utility to ensure
continuity and clarity of responsibilities.

Policy Takeaway 3: Preserve energy settlements during island mode.

Energy settlements must maintain compatibility with FERC jurisdictional compensation for community
microgrid resources that participate in wholesale markets under the existing established tariffs.
Through the process of identifying possible compensation mechanisms for the energy provided to
customers when a community microgrid is islanded, PG&E found that the energy settlement provisions
under a project resource’s Wholesale Distribution Tariff or Rule 21 Tariff will continue to be enforced
even when the microgrid is disconnected from the bulk grid. Integrating existing settlement

7 Understand PG&E distribution gualifications (pge.com)
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mechanisms is a tremendously practical approach as it reduced the complexity of the tariff by keeping
the roles and responsibilities unambiguous, preventing cost shifts to non-participating PG&E
customers, and protecting the project resource’s revenue streams. Therefore, CMET points to the
existing rules (i.e., Wholesale Distribution and Rule 21 tariffs) and processes that are necessary for
settling energy transactions during island mode and no separate energy settlement provisions were
required in the tariff.

Recommendations:
e Use existing settlement mechanisms even when community microgrids are islanded.
e Maintain CAISO’s prevailing energy settlement policy.
o Allow existing Energy Only facilities to re-enter the interconnection queue and apply for Full
Capacity Deliverability Status to help support the economics of smaller generating resources
interconnected specifically to support community microgrids.

Technical Takeaway 1: Community Microgrids are nascent technology and standardization is critical
to scaling.

Community Microgrids are complex and still a nascent technology. Needing to develop, study, and
test each individual community microgrid is a barrier to scaling. Therefore, standardization will play an
important role in managing the complexity and costs of future Community Microgrid projects. The lack
of standardization and certifications in the Community Microgrid space meant PG&E had to perform
significant testing and troubleshooting even after the vendors had completed their factory acceptance
testing. PG&E has begun the process of documenting lessons learned and standardization suggestions
and published the Community Microgrid Technical Best Practice Guide® which will be periodically
updated as the state-of-the-art matures.

Recommendations:

e Standards should be developed for microgrid controllers, grid-forming inverter requirements,
control logic and testing, and operational protocols and procedures.

e Additional research is required to develop standards around microgrid configurations not
studied under EPIC 3.11.

e Until better standardization, certifications, and testing protocols are implemented, utilities will
have to take a significant role in testing and verifying that Community Microgrid products
function as intended.

e Proper failsafe design is very important to ensure the safe operation of the system across a
variety of abnormal conditions including edge cases.

Technical Takeaway 2: Experienced Project Partners Matter

Because of the nascency of the technology and complexity of Community Microgrids, the project
greatly benefited from having experienced partners in terms of the technology and control
integrations. In addition, the 24/7 support and technical capabilities of the third-party support team
have been instrumental in ensuring the continuing success of the project post commissioning.

8 Community Microgrid Technical Best Practices Guide (pge.com)
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Recommendations:
e Future projects should emphasize the importance of skilled and experienced control
integrators and operational support capabilities.
e Based on this learning, CMEP and MIP programs were implemented to provide increased
technical support for community microgrid projects.

Technical Takeaway 3: There is a tradeoff between seamless transitions and nuisance islands.

To support seamless transitions there is a bias to transitioning very quickly which can increase the
number of “nuisance” islands where the microgrid transitions to island mode when the grid
experiences a transient event that would not have resulted in an outage. While generally not a
problem for customers because the transitions were seamless, there were certain cases when a
nuisance trip also resulted in an outage due to initial issues within the RCAM controls that were later
corrected.

Recommendations:
e Considerations should be made to optimize protection settings and control schemes to
prevent unneeded impacts to customers. This will become more important for mid-feeder
microgrids, where the transitions of the microgrid can also affect non-microgrid customers.

1.5 Further Exploration

In addition to the challenges and learnings discussed above, the EPIC 3.11 project also identified gaps
in PG&E’s understanding of Community Microgrids and where further exploration is required.

One example is to better understand mid-feeder microgrids. RCAM is an end-of-the-line microgrid,
which means there is only one islanding device to separate it from the PG&E system. This simplified
the implementation because it did not require coordination during transitions among multiple
islanding devices (as would be needed for a mid-feeder microgrid). Mid-feeder microgrids may not be
able to have seamless transitions, and their operations will also affect customers outside of the
microgrid boundary.

PG&E is also further evaluating ways to scale Community Microgrids. This involves evaluating methods
to improve the ability to model and effectively coordinate multiple resources within the Community
Microgrid’s boundary, including how to coordinate inverter-based and traditional machine generation
effectively potentially through modifying frequency within the microgrid. In addition, there is
continuing research into the best method of control architecture, protection, coordination, and fault
detection within the microgrid under various scenarios including the ability to handle load growth and
increased penetration of behind the meter DERs within the microgrid boundary while also balancing
implementation costs.

Additionally, PG&E is exploring the concept of Flexible Interconnections to potentially provide cost
savings to interconnecting generation assets that may be oversized to support microgrid resilience. For
example, the RCAM generation is sized larger than the PG&E conductor ratings and existing loads can
withstand at peak conditions. To save costs for the generation interconnection, RCAM chose to have a
limited interconnection to avoid needing to reconductor a portion of the PG&E circuit feeding RCAM.
While this limit is fixed today based on worst case scenarios, a flexible interconnection could
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potentially allow for more capacity based on near-real time loading conditions vs planned peak
conditions.

1.6 Conclusion

The EPIC 3.11 Project is the culmination of five years of research and innovation across a dozen PG&E
teams and in close partnership with Schatz Energy Research Center at Cal-Poly Humboldt and the
Redwood Coast Energy Authority. It has already proved its ability to provide resilience to critical
infrastructure in the community through various storms and even a large earthquake.

The project successfully met its objectives by dramatically improving PG&E’s technical and operational
capabilities and developing a scalable production path to integrate additional community microgrids
onto PG&E’s system. Meeting these objectives required meaningful innovations in both the policy and
technical domains.

PG&E developed a coherent framework to deploy community microgrids which included the
Community Microgrid Enablement Tariff and the contractual arrangements such as the Microgrid
Operating Agreement between PG&E and the operator of the Grid-Forming DER. Nothing like this
structure existed in the US or elsewhere prior to this project.

The project team also had to solve for the novel technical challenges of using third-party inverter-
based resources to maintain power quality and ensure safe operations of the system during islanded
operations. Key technical challenges included modeling the behavior of the inverters, developing
protection schemes, and testing control logic and operational coordination between PG&E and third-
party devices. To support this work, PG&E built a world class microgrid test bed to support further
microgrid research.

This ground-breaking engineering work led to the industry-first Microgrid Islanding Study which is
designed to solve for the novel control methodologies, protection schemes, and operational
coordination required for DERs acting as grid-forming generators.

As a result of these policy and technical innovations, EPIC 3.11 has delivered a replicable and scalable
model to implement community microgrids across PG&E’s service territory.

However, for all its success, the EPIC 3.11 project has shown that Community Microgrids require
unique and complex solutions. There is still significant work to be accomplished to standardize these
systems and incorporate new functionalities such as mid-feeder configurations with seamless and
automatic transitions.
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2 Introduction

This report documents the EPIC 3.11 — RCAM project achievements, highlights key learnings from the
project that have industry-wide value, and identifies future opportunities for PG&E and the broader
industry to leverage the learnings from this project.

The California Public Utilities Commission (CPUC) passed two decisions that established the basis for
this demonstration program. The CPUC initially issued D. 11-12-035, Decision Establishing Interim
Research, Development and Demonstrations and Renewables Program Funding Level®, which
established the Electric Program Investment Charge (EPIC) on December 15, 2011. Subsequently, on
May 24, 2012, the CPUC issued D. 12-05-037, Phase 2 Decision Establishing Purposes and Governance
for Electric Program Investment Charge and Establishing Funding Collections for 2013-2020%°, which
authorized funding in the areas of applied research and development, technology demonstration and
deployment (TD&D), and market facilitation. In this later decision, CPUC defined TD&D as “the
installation and operation of pre-commercial technologies or strategies at a scale sufficiently large and
in conditions sufficiently reflective of anticipated actual operating environments to enable appraisal of
the operational and performance characteristics and the financial risks associated with a given
technology.”!

The decision also required the EPIC Program Administrators'? to submit Triennial Investment Plans to
cover three-year funding cycles for 2012-2014, 2015-2017, and 2018-2020. On November 1, 2012, in
A.12-11-003, PG&E filed its first triennial Electric Program Investment Charge (EPIC) Application with
the CPUC, requesting $49,328,000 including funding for 26 Technology Demonstration and
Deployment Projects. On November 14, 2013, in D.13-11-025, the CPUC approved PG&E’s EPIC plan,
including $49,328,000 for this program category. On May 1, 2014, PG&E filed its second triennial
investment plan for the period of 2015-2017 in the EPIC 2 Application (A.14-05-003). CPUC approved
this plan in D.15-04-020 on April 15, 2015, including $51,080,200 for 31 TD&D projects.® On April 28,
2017, in A.17-04-028, PG&E filed its third triennial EPIC Application at the CPUC, requesting
authorization for its for 43 Technology Demonstration and Deployment Projects. CPUC approved this
plan through D.18-10-052 on October 25, 2018, and D.20-02-003 on February 10, 2020, and authorized
$49,771,845 for the 43 TD&D projects.

Pursuant to PG&E’s approved 2018-2020 EPIC triennial plan, PG&E initiated, planned and implemented
the following project: EPIC 3.11 — Location-Specific Options for Reliability and/or Resilience Upgrades.
Through the annual reporting process, PG&E kept CPUC staff and stakeholders informed on the
progress of the project. The following is PG&E’s final report on this project.

% http://docs.cpuc.ca.gov/PublishedDocs/WORD PDF/FINAL DECISION/156050.PDF

10 http://docs.cpuc.ca.gov/PublishedDocs/WORD_PDF/FINAL DECISION/167664.PDF

1 Decision 12-05-037 pg. 37

12 Pacific Gas & Electric (PG&E), San Diego Gas & Electric (SDG&E), Southern California Edison (SCE), and the
California Energy Commission (CEC)

13 In the EPIC 2 Plan Application (A.14-05-003), PG&E originally proposed 30 projects. Per CPUC D.15-04-020 to
include an assessment of the use and impact of EV energy flow capabilities, Project 2.03 was split into two projects,
resulting in a total of 31 projects.
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2.1 Project Background

PG&E is working to transition to the sustainable grid of the future by updating interconnection
processes, developing new tariff structures, and grappling with the effects of more intermittent
renewable energy on the grid. Meanwhile, climate change has increased the frequency and severity of
natural disasters, highlighting the importance of keeping critical facilities operating to provide
emergency services in times of dire need.

Microgrids can be a useful resilience tool during broader grid disruptions. A microgrid is a group of
interconnected loads and distributed energy resources within clearly defined electrical boundaries that
acts as a single controllable entity with respect to the grid. It can connect and disconnect from the grid
to operate in grid-connected or islanded mode®*.

The demand for this functionality is increasing, particularly at critical facilities that are prone to natural
disasters and/or de-energization due to Public Safety Power Shutoff (PSPS) events. Behind-the-Meter
(BTM) Microgrids have long been a viable solution to serve this resilience need for individual
customers or private campuses using customer-owned generation. However, there was neither a
regulatory pathway nor the technical understanding within the industry to create “Community
Microgrids” which could leverage third-party owned generators to provide this same support to
multiple customers across utility-owned distribution assets.

To bridge this gap between the needs of California communities and the industry’s capabilities, the
EPIC 3.11 project was developed with the primary goals to:

1. Solve the regulatory, technical, and operational challenges required to integrate Community
Microgrids within PG&E’s distribution system.
2. Establish a replicable model to deploy similar projects across PG&E’s territory.

The RCAM project was funded and developed in partnership with the local Community Choice
Aggregator (CCA), the Redwood Coast Energy Authority (RCEA) who owns and operates the generation
resources, and the Schatz Energy Research Center (Schatz Center) of Cal Poly Humboldt who provided
the engineering, procurement, and construction management services. RCAM was co-funded
between PG&E’s EPIC 3.11 project ($3.1M), a California Energy Commission EPIC Grant led by RCEA
and the Schatz Center (S5M), and a USDA loan secured by RCEA ($6.6M). These sources dovetailed to
support the unified objective of developing scalable and replicable approaches to planning, designing,
deploying, and operating multi-customer microgrids in California.

14 DOE Definition developed by the Microgrid Exchange Group, which is comprised of an ad hoc group of
individuals working on microgrid deployment and research: doi:10.1016/j.te}.2012.09.013 (energy.gov)
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3 RCAM Overview

RCAM is California’s first 100% renewable multi-customer Community Microgrid. The project features
PV solar generation and battery storage owned by RCEA that uses PG&E’s distribution infrastructure to
provide energy resilience to the California Redwood Coast Humboldt County Airport and the U.S. Coast
Guard Air Station, which are among the most critical facilities in the host community. At installation,
the microgrid served 19 customers with an average load of 175kW and a maximum load of 360kW.

Figure 2: Map of the RCAM project at the California Redwood Coast - Humboldt County Airport

3.1 RCAM Equipment

RCAM has a 2.3 MW hybrid generation resource acting as the primary grid-forming resource. This
resource is comprised of a 2.2 MW DC Photovoltaic array DC-coupled to an 8,874 kWh lithium-ion
Battery Energy Storage System with a 2.3 MVA grid-forming inverter along with supporting equipment
and infrastructure to complete the system. This system is connected at the end-of-line of the Janes
Creek 1103 distribution circuit and is interconnected under the FERC-approved PG&E Wholesale

Distribution Tariff (WDT) and participates in the CAISO wholesale market under the FERC-approved
CAISO Tariff.

11
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RCAM is the joint responsibility of both PG&E and RCEA. While PG&E maintains DSO control?® over the
microgrid and owns and operates the distribution circuit, RCEA owns and operates the FTM generation
and storage assets. Figure 3 provides a detailed look at the different equipment installed at RCAM
with the ownership highlighted by color.

Figure 3: RCAM Equipment Ownership (PG&E-Blue, RCEA-Yellow)

PG&E maintains DSO control over the microgrid through the PG&E-owned line recloser and the PG&E-
owned microgrid controller. The line recloser acts as the islanding device to separate or connect the
microgrid from the broader PG&E grid. The microgrid controller allows PG&E to have control over the
operating modes and settings of the microgrid. PG&E’s microgrid controller is cyber-securely
connected to RCEA’s microgrid controller. RCEA’s microgrid controller takes commands from PG&E
and ensures PG&E’s controls are passed appropriately to the other local controllers including the BESS
site controller and RCEA islanding controller. RCEA also manages market integration with CASIO to
participate in the wholesale market during blue-sky conditions.

15 DSO Control refers to PG&E’s ability to enable / disable the microgrid functionality and set limits on
the system based on DSO needs like safety and reliability. DSO control does not include the asset
owner’s local site control or market participation control of the asset.

12
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3.2 RCAM Operational States

Under normal conditions RCEA operates the FTM BESS in the wholesale market and reserves a defined
capacity to provide resilience in case of an unplanned grid outage. If an outage occurs on the PG&E
source side of the PG&E islanding device the microgrid will seamlessly island and support all assets
within the microgrid with power from the BESS. Once grid power is restored, RCAM will seamlessly
transfer back to a grid-connected state after a defined period. An overview of each of these microgrid
states is provided in Figure 4.

Grid-Connected

CLOSED

To Sub

To Janes Creek 1103

%

PG&E Islanding Device
LR 136680

I EOL Customers

RCEA Generation
Circuit Breaker

>

OPEN
To Sub

To Janes Creek 1103

<

PGE&E Islanding Device
LR 136680

I EOL Customers

RCEA Generation
Circuit Breaker

CLOSED CLOSED

RCEA Wholesale
Generation and BESS

RCEA Wholesale
Generation and BESS

During abnormal conditions (e.g., faults upstream of
LR 136680), the microgrid will automatically island to
provide power to customers using RCEA’s generation.
RCEA’s wholesale generation will automatically
change from grid-following (grid-connected) to grid-
forming (islanded).

Protection when islanded is primarily provided by
RCEA’s Generation Circuit Breaker.

PG&E has override capabilities, if needed.

* During normal grid-connected operation, it is like any .
other PG&E Distribution circuit with large 3-party
generation, where RCEA's wholesale generation assets
operate independently in the CAISO Wholesale Market. .

* Protection is provided primarily by PG&E’s LR 136680 in
coordination with RCEA’s Generation Circuit Breaker.

* PG&E has override capabilities, if needed. .

* RCEA generation assets are constrained by PG&E to
1.48MW charging and 1.778MW discharging .

Figure 4: Overview of Grid-Connected and Islanded Microgrid States

Settlement for market and NEM participating assets within the microgrid was preserved even when
islanded. This reduced the complexity of the tariff by keeping the roles and responsibilities
unambiguous, preventing cost shifts to PG&E customers, and protecting the revenue streams of the
participating assets.

3.3 RCAM Modes of Operation

RCAM has three modes of operation: Microgrid Enabled Mode, Microgrid Disabled Mode, and a Non-
Operative State. PG&E controls the enabled/disabled mode of operation of the microgrid, with the
non-operative state being a failsafe if certain issues are detected.

Microgrid Enabled Mode (Normal Operation)

Microgrid Enabled Mode is the setting for normal operation of the system. It allows both grid-
connected operation when there are no issues on the PG&E system and islanded operation in the
event of a disturbance on the PG&E system. It enables the line recloser Settings Group for everyday
operation in Grid-connected or Islanded state. RCAM will island automatically if there is a PG&E grid
disturbance on the source side of LR 136680 and will automatically return to PG&E grid-connected
power when PG&E power at the source side of LR 136680 is stable for 15 minutes. The RCEA
Generation Circuit Breaker relay settings group will automatically change if transitioning to an islanded
or grid-connected state. LR 136680 functions as both an islanding device and a protective device in
this mode, with no reclosing (one shot to lockout) and no sensitive ground fault detection.
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Microgrid Disabled Mode

Microgrid Disabled Mode may be selected by a PG&E Distribution Operator (DO) during
abnormal/maintenance conditions or may assert automatically due to a communication failure, which
will be indicated by an alarm. Microgrid Disabled Mode enables the line recloser Settings Group to
prevent islanding. RCEA generation remains grid-connected and can participate in the wholesale
market; however, Disabled Mode will not allow the microgrid to island. If already islanded when this
mode is activated, generation will shut down. If a fault is detected while in this mode LR 136680 will
function like a normal protective device by only tripping on overcurrent elements but with no reclosing
(one shot to lockout) and no sensitive ground fault detection. Disabled Mode may be selected by
PG&E Distribution Operators (DOs) or may assert automatically due to a communication failure, which
will be indicated by an alarm.

Non-Operative Mode

The Non-Operative Mode is a failsafe where the RCEA wholesale generation is automatically turned off
to avoid mis-operation in the event that changes are made to the internal configuration of the
microgrid or if communications fail between critical controllers.

If the cause was a configuration change, the DO cannot change the system back to Operative mode
remotely to prevent unauthorized changes without PG&E’s consent. To return to Operative mode,
PG&E must enable it via the PG&E onsite engineering Human Machine Interface (HMI).

If the cause was a communication failure, an alarm will identify the issue and the system will return to
Operative mode automatically when communication is restored. The communication failures that
trigger the Non-Operative mode are:

e PG&E SEL-3555 Microgrid Controller to RCEA SEL-3555 Generation Controller

e PG&E SEL-3555 Microgrid Controller to PG&E SEL-651R Islanding Recloser Control

e RCEA SEL-3555 Generation Controller to RCEA SEL-700GT+ Primary Generation Relay

e RCEA SEL-3555 Generation Controller to RCEA BESS Site Controller

3.4 PG&E Operator Controls

PG&E Operators and Field Personnel have DSO control of RCAM to maintain the safety and reliability
of the grid. The following settings are controlled by PG&E.

Automatic / Manual Control

RCAM is designed to operate in Automatic Control under normal conditions. This feature allows the
microgrid to transition automatically based on the settings and conditions in the field. The normal
setup for the microgrid is to be in Microgrid Enabled Mode under Automatic Control.

The DO must transition to Manual Control if changes are required to the configurable operator inputs
(e.g., manual transitions, changing from seamless to break-before-make transitions, etc.). Manual
mode may assert automatically for communication failures indicated by an alarm. After the alarmis

resolved, the control mode can be returned to Automatic Control.

Enable / Disable Microgrid Mode
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PG&E can enable or disable the microgrid mode as described in Section 3.3. RCAM is normally in
Microgrid Enabled Mode.

Modify Charge / Discharge Limits

PG&E has control over the maximum charge and discharge limits of the DC-coupled BESS and PV
system when grid-connected. This is needed because the RCAM generation is sized larger than the
PG&E conductor ratings. To save costs for the generation interconnection, RCAM chose to have a
limited interconnection to avoid needing to reconductor a portion of the PG&E circuit feeding RCAM.
RCAM is limited to 1.45MW charging and 1.75MW discharging while grid-connected. In addition, DOs
can update these limits under certain conditions where RCAM may be fed abnormally. For example,
the DO will limit RCAM charging to zero during certain abnormal switching scenarios.

Transitions between Grid-Connected and Islanded Operation

PG&E can set the type of transition to be either a seamless transition or a break-before-make
transition. The default is set to seamless transitions to avoid any outage for the customer as much as
possible. PG&E DOs can also manually transition the microgrid between grid-connected and islanded
states if needed.

PG&E Line Recloser Control

The PG&E line recloser is the islanding device for the microgrid that connects it to the PG&E larger
grid. PG&E can manually open or close this line recloser as needed. It also has particular Settings
Groups specific to operating RCAM that are set by choosing the Microgrid Enabled or Microgrid
Disabled modes.

RCEA Generation Circuit Breaker Control

The RCEA Generation Circuit Breaker provides protective functions for the microgrid when islanded.
Therefore, PG&E reviewed and approved the settings on this device and maintains control over this
device if needed. For example, RCEA can reset the lockout if there is a fault on their side of the
breaker (generation side), once they have resolved the issue. However, if the breaker trips and locks
out due to an issue on the PG&E primary within the microgrid, only PG&E has the ability to reset the
lockout, not RCEA, to ensure the line is not energized during fault or maintenance conditions.

3.5 Community Microgrid Aggregator Operator Controls

While PG&E Operators and field personnel have DSO control of RCAM to maintain the safety and
reliability of the grid, the asset owner has control over the asset for normal and maintenance
operations of the asset within the limits prescribed by the utility. This includes dispatches and market
participation when grid-connected, and any required controls for maintenance activities of the asset
and facility. PG&E Operations and RCAM Operational Support have available 24/7 communications if
any coordination is required between the two entities.
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4 Community Microgrid Policy and Process

A Community Microgrid, like the
Redwood Coast Airport Microgrid,
consists of a group of interconnected
customers and distributed energy
resources within clearly defined electrical
boundaries that can disconnect from and
reconnect to the grid. These microgrids
are typically designed to serve a
community’s critical facilities, such as
hospitals, police and fire stations, gas
stations, and grocery stores. Each
community microgrid is unique and is
designed by the community to address
their specific goals and needs for the
project. A range of variables will dictate
the size of the microgrid, what
community services are served and what
elements are included in the design.
In the case of RCAM, the project serves
the Arcata regional airport and the
neighboring Coast Guard Air Station.
Figure 5 represents an example layout of
a community microgrid.

Figure 5: Illustrative Community Microgrid

To enable community microgrids like RCAM on PG&E’s distribution system, new rules and agreements
needed to be developed. A key objective of this project was to use RCAM as a model to develop
experimental agreements and tariffs that govern various aspects of the relationship between PG&E
and the generating resource such as the operational roles and responsibilities, service obligations,
compensation for energy provided during island mode, and commercial terms and conditions. RCAM
was an essential project to help consider the relevant issues necessary to enable multi-customer
microgrids, and RCEA, as the local CCA, was an ideal partner to deepen PG&E’s understanding of the
relationship of the counterparty to these agreements. This ability to partner and create a mutually
agreeable strategy between two disparate organizations was a key accomplishment and paved the
way for the successful technical implementation of RCAM.

The intention of a community microgrid tariff and the associated agreements were to support the
commercialization of multi-customer microgrids in PG&E’s service territory that could be replicated in
other service territories. Three standardized documents were created based on learnings from the
RCAM project:

o The Community Microgrid Enablement Tariff (CMET) was an experimental tariff that enabled
third-party owned DERs to operate on PG&E’s distribution grid in an islanded configuration.
The tariff governed the eligibility, engineering studies, development, and island and
transitional operation of community microgrids. CMET was filed with the Commission on
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August 17, 2020 and has been updated several times to expand the eligibility requirements
for community microgrids and improve clarity. On October 9, 2023/, PG&E, SCE, and SD&GE
separately filed proposals for a permanent Multi-Customer Microgrid Tariff that closely align
with PG&E’s original CMET proposal, which were approved on November 7%, 2024. As such,
CMET has transitioned from an experimental PG&E tariff to the permanent statewide
standard, marking a major win for the EPIC 3.11 project.

e The Microgrid Operating Agreement (MOA) is necessary to allow the full deployment of a
microgrid project on PG&E’s system by establishing operational roles and responsibilities (e.g.,
modes of operation and operational coordination), performance requirements,
interconnection agreements, project safety plan, commissioning plan, data security
requirements, and non-disclosure agreements. The intention of a pro forma MOA is to
standardize the body of the MOA and use appendices to make necessary adjustments based
on the unique qualities of each community microgrid project. The pro forma MOA was
submitted to the commission as a Tier 1 Advice Letter (AL) and was approved July 12, 2021,

e The Microgrid Special Facilities Agreement (Microgrid SFA) allows PG&E to recover
infrastructure investments and incremental distribution services to support the islanding
capabilities of a microgrid on PG&E’s distribution system (e.g., reclosers, controls). It was
determined PG&E’s existing Rule 2 Special Facility Agreement (SFA; Electric Form 79-255)%
could be slightly modified to handle microgrid infrastructure cost recovery.

4.1 The Community Microgrid Enablement Tariff (CMET)

PG&E’s Track 1 OIR testimony?, which was supported by the commission’s decision?!, noted that the
tariffs necessary to support community microgrids do not exist. In that testimony, PG&E committed to
submit an experimental tariff to address this gap. PG&E submitted that experimental tariff, named the
Community Microgrid Enablement Tariff (CMET)?%, to the commission on August 12, 2020. The CMET
Tariff governs the eligibility, technical studies, development, energy settlements and microgrid
operations during islanded mode.

There were six guiding principles in developing a tariff that would enable this arrangement between
PG&E and a third party:
1. Safety above all else.
2. Respond to customer needs.
3. Leverage existing tariffs and processes to the greatest extent possible and, when necessary,
establish new microgrid specific processes which align with existing processes.
4. Maintain rate integrity and minimize cost shifts.

6 E| EC 5918-E.pdf (pge.com)

7 ELEC 7042-E.pdf (pge.com)

18 Resolution E-5127 (ca.gov)

19 ELEC FORMS 79-255.pdf (pge.com)
20 PG&E Track 1 Proposal (ca.gov)

21 Resolution E-5127 (ca.gov)

22 ELEC 5918-E.pdf (pge.com)
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5. Establish a “Clear Bright Line” which means that operational control over any device is the sole
responsibility of the device owner. No third parties or third-party equipment should have
operational control over PG&E assets.

6. Operational State Independence. Separate the study and evaluation process of the islanding
operational state from the grid-connected operational state.

These six principles informed PG&E’s decision making while tackling difficult questions with little
precedence such as jurisdiction, roles and responsibilities, development lifecycle and process, and
defining technical requirements for the project. Not only were these complex issues, but these
elements had to remain logically and functionally coherent with existing utility rules, standards, and
processes.

In addition to the six principles, the development of CMET was directly informed by the work done for
RCAM. RCAM was a catalyst for tariff development by being a real-world project with an engaged
counterparty (RCEA) and an experienced research center (Schatz Center), that allowed for
workshopping policy and approaches in real-time. It provided important context to be able to craft a
functionally complete tariff that addressed the complexities of a real-world community microgrid. This
informed the overall structure of CMET (Figure 6), with key elements and decisions described in the
sections below.

Tariff Provisions Related Processes, Forms & Agreements

Eligibility _| application Forms
. Wholesale /Distribution | DERInterconnection
R o BN B e
. : Distribution Service Special Facilities
Microgrid tsland Study Process ——

Microgrid )
Developmant Testing Procedures
s Microgrid Opersting
Agresment B
Miicrogrid Dperations —+| Operating Procedures
[ ]
. Market/ TarifT Rules
Eland Pry
e B
—

Figure 6: CMET Structure

4.1.1 Interconnection and Operational State Independence

One of the first and most significant decisions PG&E made during the tariff development process was
to isolate the evaluation and study of the net new abnormal "Islanded” operational state from the
normal grid-connected operational state (often informally referred to as the “Blue-Sky” state). By
isolating these two states and treating them independently, PG&E was able to firewall the complexities
of the abnormal island conditions and leverage the existing interconnection rules and procedures of
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traditional grid-connected generation. Each Project Resource in the microgrid needs to have its own
interconnection agreement governed by the existing interconnection rules (e.g., Rule 21, WDT) as
defined in Section 5.1 of the Tariff2%. In this way, it greatly simplified the process, and this decision had
many positive knock-on effects in the Microgrid Operating Agreement and technical domains as will be
discussed later.

Before establishing this framework for operational state independence, PG&E explored integrating the
microgrid development process into the existing interconnection process. However, it was quickly
discovered that the more the team tried to prescribe a universal process to integrate microgrids into
the established interconnection processes, the more they conflicted with existing programs and
mandates. This was particularly true when trying to establish new timelines and obligations to the
FERC Wholesale Distribution Tariff (WDT) and Rule 21 Interconnection processes. In separating the
grid-connected state from the Islanded states, these pathways could be performed in parallel and
leverage the existing studies and processes used for the existing WDT and Rule 21 interconnection
process.

4.1.2 Microgrid Islanding Study

The concept of independence led to the second key decision to introduce a new study focused on
safety and operational performance of the microgrid during islanded operations and transitions
to/from grid-connected mode. CMET introduced a new technical study, called the Microgrid Islanding
Study (MIS), to evaluate the safety and operational integrity of the system during islanding. This study
evaluates elements such as:
e The microgrid electrical boundary (e.g., location of recloser/breaker & distribution upgrades)
e Simulation model development and validation
e Power flow and voltage analysis
e Protection requirements (e.g., fault current & protection coordination)
Power quality and harmonics
Transitions to/from grid-connected operations
Transient stability
Controls requirements such as PG&E’s microgrid controller and Community Microgrid (CMG)
Aggregator controller parameters
e Telemetry & Cybersecurity requirements
e Required electrical system upgrades (Special Facilities) to establish the microgrid electrical
boundary (e.g., recloser) and microgrid operational controls

To ensure safety, the Community Microgrid Aggregator must agree to actively coordinate with PG&E’s
Distribution Operations Team and submit to additional technical studies to ensure the safe
performance of the generator during islanding operations.

The independence of the MIS is important because it allows PG&E to study the complex novelties of
the islanded state without encumbering the statutory deadlines imposed under the WDT and Rule 21
processes.

2 Each Project Resource is required to be interconnected to PG&E’s Distribution System under PG&E’s
WDT GIP or Electric Rule 21, according to the applicability of each of those tariffs.
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The MIS can be seen as the functional equivalent to the System Impact Study process of the normal
generation interconnection pathway. Whereas the System Impact Study is focused on the generators
impacts during grid-connected operations, the MIS is an independent study focused on the generators
impacts during Islanded mode and transitions to/from islanded mode. The union of the two studies
gives a comprehensive study of safe operations under all operational conditions: grid-connected,
islanded, and the transition between these states.

4.1.3 CMET Section 7 — Community Microgrid Development and Operation

Section 7 of CMET governs the Community Microgrid Development and Operation. In concert with the
set of guiding principles noted above, it was essential that the roles and responsibilities of each
counterparty to the tariff be unambiguous. PG&E explored several ownership and operational models,
many of which were proposed during the public workshops and reviewed during the Microgrid OIR
proceeding?*. Community Microgrids often include multiple parties in the design, development, and
operation of a microgrid, which complicated assigning roles and responsibilities when designing RCAM.
In working through the various proposals, PG&E found that the modifications clashed with the guiding
principles in some way, such as violating the Clear Bright Line principle, or allowing rate arbitrage that
would impact the Rate Integrity principle. After exploring the various options, it was clear that CMET
should not change the existing roles and responsibilities between PG&E, generators, or the
relationship with customers:

o PG&E remains the Distribution System Operator (DSO) at all times. PG&E, as the utility
distribution owner and operator, is responsible for distribution service?® under both grid-
connected and islanded modes including the sole determination of emergency events.

o PG&E provides Distribution Service at all times. PG&E will provide distribution service for the
resources and customers within the microgrid electrical boundary during grid-connected and
islanded modes pursuant to all applicable rules (e.g. Rule 2).

e There will only be one single operational counterparty to the agreement called the
Community Microgrid Aggregator?® (“CMG Aggregator”). The CMG Aggregator is a third-party
that coordinates control of distributed resources within the microgrid electrical boundary, and
any demand side management resources, to operate the Project Resources within PG&E
parameters to enable the CMET Project to operate in Island Mode. The CMG Aggregator is also
responsible for making necessary upgrades to the microgrid when it becomes unsafe to
operate in island mode due to load growth or other factors.

The roles and responsibilities of the Community Microgrid Aggregator were thoughtfully chosen. One
unexpected outcome of the tariff development process is that the CMG Aggregator need not be the
same party as the owner of the grid-forming assets. Although this is the most likely outcome, the
safety and coordination responsibilities enumerated in the Tariff are independent of facility
ownership. This independence holds through the Microgrid Operating Agreement (MOA) as discussed

24 Resiliency and Microgrids Events and Materials (ca.gov)

25 PUC Section 218 and Rule 2. CA Electric Rule 218 is what defines an Electrical Corporation for the purposes of
regulation. Embedded in this definition is all the roles and responsibilities of Utilities. Rule 2 is the description of

service.
26 Defined in Sec. 7.1c of CMET
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later. For RCAM specifically, RCEA is the Community Microgrid Aggregator and project resource owner,
the Schatz Center designed and engineered the microgrid and is the subcontracted entity that is
helping to fulfill the Operating Procedures and Protocols outlined in the MOA, and there is a separate
third-party entity acting as the scheduling coordinator to manage bidding and dispatching of the
project resources for market participation.

4.1.4 Clear Bright Line Principle

The division of responsibility can get complex with third-party CMG Aggregators leveraging project
resources and utility-owned assets to energize islanded customers. PG&E maintains responsibility for
the safe operation and maintenance of its assets (i.e., the distribution grid). Because of this
responsibility, any third-party such as RCEA, may not control PG&E assets directly. This includes the
line recloser that acts as the islanding device for the microgrid, therefore PG&E retains control and
ownership of that device which is consistent with existing PG&E processes and standards. While the
islanding device is able to act on a signal from RCEA’s generation assets to island the microgrid to
enable seamless transitions, PG&E controls a permissive signal to enable the line recloser to accept (or
ignore) this specific signal from RCEA. PG&E also maintains full control over the operational settings of
the microgrid as described in Section 3.4, determining when the microgrid can be islanded for
emergency events (the default objective of PG&E), or disabling the microgrid for safety or
maintenance issues. The MIS study not only verifies these types of functionalities, but it also creates
the mechanism for PG&E to review and approve settings with the CMG Aggregator’s generator control
logic under islanded conditions.

While PG&E retains control over the islanded state of the microgrid, the Community Microgrid
Aggregator maintains operational control over their generator when grid-connected for things such as
dispatch and maintenance of the facility defined under their interconnection agreement. Having the
separate Community Microgrid and Interconnection Processes allows for responsibilities to be clearly
defined for both situations.

4.1.5 CMET Sections 8,9, 10, and 11 — CMET Services and Energy Settlements

Another challenge was to define the services provided by the Project Resource and address energy
settlements during islanded operation. PG&E explored multiple types of service and fee models
including compensating Project Resources for an abstract “Value of Resiliency” and settling exported
energy while islanded at higher rates. PG&E evaluated these different models in relation to the
guiding principles of leveraging existing tariffs, maintaining rate integrity, and minimizing cost shifts.

In terms of services, it followed that PG&E would maintain its role as Distribution Operator and
Distribution Service Provider under all operating conditions. As such, no additional microgrid service
needed to be defined under CMET for the Community Microgrid Aggregator. It is worth noting
however, that in islanded mode, PG&E remains bound to maintain power quality to its customers
consistent with Rule 2. Therefore, a key objective of the Microgrid Island Study is to ensure the Project
resource can meet these power quality requirements.

Regarding settlement, PG&E found that the energy settlement provisions under a Project Resource’s
Wholesale Distribution Tariff or Rule 21 tariff will continue to be enforced even when the microgrid is
disconnected from the bulk grid. Through the process of identifying possible compensation
mechanisms for the energy provided to customers when a microgrid is islanded, CAISO confirmed that
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all meters in the wholesale market continue to spin during islanded mode and any energy generated
by project resources within the microgrid will be settled by the CAISO in the imbalance market based
on the nearest CAISO pricing node. This was fortunate because it meant that the tariff did not need to
define a separate settlement mechanism for islanded operations. CMET therefore can point to the
existing settlement rules and processes defined under the generators existing Wholesale Distribution
or Rule 21 tariffs. This arrangement with CAISO is a key outcome that simplified the tariff. This
arrangement should be protected due to its cohesion with existing tariffs and policies. With respect to
the value of resiliency, after careful consideration, PG&E determined that providing compensation to
community microgrids would result in a cost shift, which is prohibited by Senate Bill 1339 and at odds
with PG&E’s policy of promoting ratemaking based on cost causation. The logic is as follows:

1. A microgrid is a premium non-standard service that benefits a specific community;

2. Community microgrids governed by the CMET are constructed at the request of the
benefitting community or a party working on their behalf;

3. Thus, providing payment for resiliency services would effectively result in paying a community
to provide a benefit to itself at the expense of PG&E’s broader customer base that would bear
the cost, thereby resulting in a cost shift.

There are additional CAISO operational procedures that the generator must observe while in Islanded
mode. Specifically, when a microgrid is islanded, the microgrid aggregator’s scheduling coordinator will
submit an outage card to CAISO. During islanded operations the generator’s sole responsibility is to the
loads within the microgrid electrical footprint which is segmented from the broader grid. Therefore,
the generation facility is unable to respond to dispatch signals from CAISO. Failing to respond to these
CAISO dispatch signals could result in financial penalties. By submitting an outage card during islanding
events, the generator avoids possible penalties should CAISO call on their resource. However, the
outage card still allows the resource to obtain market revenue. Any energy generated to meet the load
within the microgrid will still be settled in the energy imbalance market based on the real-time price at
the nearest CAISO pricing node.

In addition, this arrangement preserves the continuity of retail settlements of Behind-the-Meter
resources such as net energy metered resources. Net energy metered resources which generate
during islanded mode, will continue to accrue electric bill savings when operating as part of an
islanded microgrid.

Integrating existing settlement mechanisms is a tremendously practical approach as it reduced the
complexity of the tariff by keeping the roles and responsibilities unambiguous, preventing cost shifts to
customers, and protecting the Project Resources’ revenue streams, which must be adequate to
support CMG operations. This is a key element in scaling and integrating community microgrids onto
the PG&E system.

4.1.6 FERC and CPUC Jurisdictional Considerations

For RCAM, the project resource is interconnected under the FERC jurisdictional Wholesale Distribution
Tariff. Both during islanded and non-islanded conditions, the project resource is settled financially
pursuant to the mechanisms in the CAISO’s tariff, which is approved by FERC. Thus, while the CMET is
a CPUC-approved tariff that describes the roles and responsibilities of the utility and microgrid
operator, the CMET defers for financial settlement purposes to FERC-approved CAISO tariff provisions.
The project participants and consulted parties preferred this approach because it avoided the need for
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either the CPUC or FERC to approve a separate rate for wholesale transactions occurring during
islanded conditions. This simplifies contracting and reduces regulatory risk and ambiguity.

4.1.7 Deviations from Initial Expectations

It’s worth noting where the Tariff defied RCAM stakeholders’ initial expectations and the expectations
of public stakeholders at large. This is important because there were certain expectations the PG&E
Tariff development team, the RCAM project Team, and the public stakeholders at large, had at the
beginning of the tariff development process that ultimately were rejected because they were not
consistent with the guiding principles outlined above.

Keep the existing interconnection process for
the grid-connected state and have an additional
separate islanded state process.

New billing schemes can be avoided and instead
leverage existing tariffs for Wholesale
Generation and Rule 21 resources for
compensation of generation when the microgrid
is islanded.

Microgrids should apply for interconnection as
a single controllable entity

New processes and billing schemes should be
developed for compensation during outages

4.1.8 Managing for Edge Cases

PG&E evaluated a number of rare
but possible edge cases (Figure 7) to
test the Tariff framework for Existing generators
coherence against the core
principles. The Tariff contemplates Impact of application withdrawals to queue
and manages for future load growth
within the microgrid,
interconnections of additional Non WDT/Rule 21 interconnections
generators related, and
modifications to the Project

resource during the operational
term. Figure 7: Edge Cases Evaluated for CMET

Multiple grid-forming generators

Modifications to generation post-Operation

One of CMET'’s greatest accomplishment is that it leads to coherent conclusions for these edge cases.
The successful testing of CMET across multiple edge cases gives confidence that the Tariff’s framework
can manage many of the unexpected situations and outcomes in the future.

23



EPIC Final Report | 3.11 - RCAM

4.2 The Microgrid Operating Agreement (MOA)

Along with CMET, a Microgrid Operating Agreement (MOA)?’ is the second document required to fulfil
RCAM’s objective of developing a scalable model to integrate community microgrids onto PG&E’s
system. Whereas CMET governs how microgrids fit into existing rules and regulations and defines
important programmatic components such as eligibility requirements and participant roles, the MOA
governs how the project gets developed and ultimately the roles and responsibilities of operating the
microgrid in island mode and transitions to/from grid-connected mode. Additionally, the MOA is the
mechanism by which the electrical integrity of the system is ensured and describes the parties’
obligations to maintain safety and service quality.

When viewed together, the relationship between the CMET and the MOA is functionally similar to the
existing interconnection process. Where the Community Microgrid Enablement Tariff mirrors the
function of the WDT and Rule 21 tariffs, the Microgrid Operating Agreement is functionally similar to
the Interconnection Agreement but designed specifically for islanded operations (Figure 8).

Relationship to

Community existing tariffs
Microgrid
Enablement Tariff Financial
Responsibility =
‘How it fits in and who

pays who?’ New Microgrid
Island Study
Project

Development
Microgrid Operating

Agreement Coordinated

Operations :

‘How to develop and
operate it?’

Safety and
Service Quality

Figure 8: CMET and MOA Comparison to Existing Documents

4.2.1 MOA Principles, Structure, and Strategic Choices

The MOA also needed to be coherent with the guiding principles discussed above. The RCAM MOA
overcame a number of challenges throughout its development with the majority of the complexity
landing in one of four areas:

e Agreement structure

e Development coordination

27 ELEC 7042-E.pdf (pge.com)
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e Applicant representations & warranties
e Managing for change

Regarding the structure of the Agreement itself, it is notable that this is a new class of asset on PG&E’s
system. There were few existing agreements on which to predicate the MOA. The MOA was developed
with considerable contracted support using PG&E’s Technology Neutral Pro-Forma (TNPF) and the
Small Generator Interconnection Agreement (SGIA) as the primary references.

The body of the MOA has five components: Recitals, Term & Termination, Development &
Commissioning, Operations, and Contract Conditions (Figure 9). The Recitals, Term, and Contract
Conditions which bookend the agreement are mostly legal constructs ported over from existing
agreements such as the Technology Neutral Pro Forma and Small Generator Interconnection
Agreement. As such, the following will focus on select Articles of the Microgrid Operating Agreement
(Development & Commissioning and Operations) which are the “Operational Heart” of the MOA.

Agreement Structure Section Topics Appendices

CMET . . Preamble.
. . Recitals & Agreement
Microgrid

Operating

1 — Definitions

Il — CMET Microgrid Islanding Study

11l — Project Milestones and Project Implementation Plan
Component Plan Development, Development &
Construction, Safety Plan, Commissioning Plan

IV — Interconnection Agreement(s), SFA(s)

V — Project Resources and Balance of System Facilities

Article 1 - Development & Operational Terms

Agreement 3 = - Termination

Term & Termination + CMET Project Suspension
= Project Development Responsibilities

q N - Project Development Conditions
Article 2. Development = Satisfaction of Development Conditions

- Failure to Meet Development Conditions

VI — Non-Disclosure Agreement
VIl — Notices

4‘{ }% VIl — Performance and Commissioning Testing

IX — Project Safety and Emergency Plan

X — Safety Attestations

Xl — Commissioning and Islanding Operation Date
Confirmation Letter

- System Changes (Project Modifications)

= Events of Default
- Governmental Charges

a = Covenants
Agreement Legend | Articles 4-13. Contract - Liability and Indemnity
) ! Conditions - Assignment
|:| Operations - Dispute Resolution

= Confidenti ormation
- Development Confidential \an,rmamn
= General Provisions

- Legal = Notices

XIV — Limited Waiver of Sovereign Immunity

Figure 9: MOA Agreement Structure

One distinguishing feature of the Microgrid Operating Agreement is that it had to be highly flexible yet
complete. The novelty of RCAM meant that there were technical and operational challenges that
needed to be solved during the development term of the project. Moreover, community microgrids
are each unique and the solutions found for RCAM may not always apply to future community
microgrids. Therefore, flexibility and completeness were achieved through the extensive use of
Appendices. A combined fourteen appendices allow the project to continue its development under an
executed agreement while the project specifics are being developed. The metaphor most often used
to describe the body of the MOA itself is like scaffolding on which the various contractual elements
could be hung as they were developed. This flexibility proved important for RCAM and will prove
important when managing for the unknown unique characteristics of each future community
microgrid.
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4.2.2 Terms

The MOA defines two separate terms: the Development Term and the Operational Term. Each of these
terms have their own requirements and obligations. The Development Term starts on the signing of
the MOA and ends on the Project Online Date whereas the Operational Term covers everything after
the Project Online Date.

4.2.3 Article 2 - CMET Project Development

Article 2 of the MOA describes the development conditions required to achieve commissioning. The
CMG Aggregator is responsible for developing the Operating Protocols and Procedures as well as
meeting any requirements contained in the Interconnection Agreement, the Microgrid Islanding Study,
and Special Facilities Agreements.

Another key responsibility of the CMG Aggregator during the Development Term is to develop a
Project Implementation Plan (PIP) which includes deliverables such as:

o Key Workstreams & Project Milestones

e Identify Responsible Parties and Agents

e Project Management Details

e Project Description of Operations to identify scenarios in planed/unplanned outage events and

failsafes
e The Commissioning Test Plan

Article 2 also defines the Operational Testing Requirements needed to meet PG&E’s standard of care
as the Distribution grid operator.

4.2.4 Article 3 - CMET Project Operation

Article 3 of the MOA governs everything after Permission to Island is granted, whereas Article 2
governs the requirements to get the Permission to Island. Article 3 covers four key areas:

1. Responsibilities of CMG Aggregator
a. Maintain voltage and frequency support
b. Retain operational coordination with PG&E
c. Maintain the Project Resources
d. Liability for operational and maintenance costs, and damages.
2. Project Modifications:
a. Modifications are allowed provided they do not represent a Material Modification and
are in accordance with other CMET provisions and existing tariffs.
b. PG&E is required to notify CMG Aggregator when load conditions represent a Material
Modification.
c. PG&E will notify CMG Aggregator of any third-party interconnection requests.
d. A new Microgrid Islanding Study will be required for any Material Modification within
the microgrid boundary.
e. CMG Aggregator will notify PG&E of any modification.
f. PG&E reserves the right to suspend and change as necessary.
3. Project Operations:
a. Maintain 24/7/365 readiness for operating communications
b. Notifications of emergency CMET Islanding
c. Special operations and clearance requests
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d. Work performance notifications
e. Notification and operation requirements and responsibilities under both planned and
unplanned outages
f. Maintenance and testing requirements
4. Settlement: CAISO "In-Market"

4.2.5 Article 4 — System Change

Article 4 addresses managing for system changes, which was one of the more challenging aspects
when developing the agreement. Community Microgrids are naturally dynamic systems. Over time,
there will be changes in loads within the electrical boundary of the microgrid (e.g., due to
electrification) and a likely increase in penetration of DERs. On one hand, PG&E must maintain the
responsibility to allow interconnections and load growth on the system. On the other hand, PG&E
committed significant resources to specifying the islanding protection schemes and controls at the
Commercial Operation Date. PG&E studies these schemes as a part of the MIS but this study is a
snapshot frozen in time. These schemes may need to be revised if the load/generation balance
changes. The project team explored defining a specific trigger as one solution, but this was
problematic given the complexity of the analysis. Instead, PG&E landed on a scheduled bi-annual
review cycle with the ongoing right for PG&E to review the microgrid at any time. This aligns with
PG&E’s existing right to evaluate the conditions of the system at its discretion.

There is the additional question of associated costs. If PG&E determines an MIS re-study is required
based on system changes, it was unclear who should bear the cost responsibilities of that study. PG&E
determined the most equitable approach was to tie the cost responsibility of the restudy to the entity
driving the system change. For example, if the change is driven by the CMG Aggregator or another
customer within or outside the microgrid, then the CMG Aggregator should pay for the study and the
associated microgrid upgrade costs. However, if the system change that led to the restudy is driven by

PG&E to support its role as distribution system operator, then PG&E pays for the re-study and
associated microgrid upgrades. These conditions are all outlined in Article 4, including a table
summarizing cost responsibility scenarios (Table 1).

System ' MOA Section MIS Microgrid
Change |System Change Scenario Cost Upgrade Cost
Referenced . A
Category Responsibility | Responsibility
Customer within microgrid changes
panel sizing 4.10r4.3 |CMG Aggregator|CMG Aggregator
New customer load application for
Load interconnection within the Microgrid
Boundary 4.10r4.3 |CMG Aggregator|CMG Aggregator
Customer outside microgrid requests
to be included 4.3 CMG Aggregator(CMG Aggregator
Customer within microgrid requests
to be removed from microgrid 4.3 CMG Aggregator(CMG Aggregator
Non-Project Resources added (BTM
or FTM generation) 4.10r4.3 |CMG Aggregator|CMG Aggregator
Generation Project Resource modification or
addition 4.2 CMG Aggregator(CMG Aggregator
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CMG Aggregator proposed load
management solutions (e.g.,

demand response) 4.2
Operational | Changes at PG&E's discretion to
changes |[support DSO role 4.1

Table 1: System Change Cost Responsibilities Outlined in MOA

4.2.6 Article 5 — Events of Default, Remedies and Default

The Events of Default, Remedies and Default in Article 5 provide an interesting conclusion although it
has not been the subject of much public inquiry. Careful consideration was given to what performance
obligations PG&E should enforce on the CMG Aggregator under various conditions like failure to
energize during a Public Safety Power Shutoff (PSPS) event. There was a question if there would be
any PG&E claw backs, penalties, or liquidated damages, however all these remedies seemed punitive.

Because these Community Microgrids are developed at the pleasure of the Community and the
majority of development costs are borne by the generation owner, it didn’t seem justified for PG&E to
impose strict default or performance obligations on the system. So, while PG&E requires the resource
to meet PG&E power quality standards when the resource is operating, the MOA does not impose any
operational requirements to keep an island energized for any set duration and no penalties are
assessed. If the project fails to energize the grid during PSPS, the community is in no worse off of a
state than they would be without that resource. However, if PG&E is funding the project through a
program such as the Microgrid Incentive Program, there are additional performance expectations
given ratepayer dollars were invested in the project. Those additional operating term performance
assurances are specified in Attachment XllIl, Operating Term Performance Assurance Requirements.

Lastly, prolonged and detailed conversations regarding liabilities of the microgrid occurred. As the
Distribution Operator, PG&E bears the liability of damages caused by the failure of PG&E assets or
operations of those assets. PG&E must protect the safety of its communities and takes this
responsibility very seriously. PG&E manages this liability through rigorous evaluation during the
Microgrid Island Study, Operator training, and extraordinary operational coordination between the
CMG Aggregator and PG&E. PG&E also requires the Project Resource to carry general liability
insurance to indemnify the community for damage that is caused by the generating resource itself.

4.3 Interconnection and the Microgrid Special Facilities Agreement

A primary objective of the EPIC 3.11 project was to create a scalable model for integrating Community
Microgrids onto PG&E's system. To achieve this, the grid-forming generator which provides the
frequency and voltage support functions required for Community Microgrids must be interconnected
to PG&E’s distribution grid. There are multiple types of interconnection processes, with Rule 21 and
the FERC Wholesale Distribution Tariff (WDT) interconnections being the most likely for grid-forming
generators within Community Microgrids. While there are important distinctions between these two
interconnection arrangements, these considerations lie outside the scope of this report. For simplicity,
this report collectively refers to these arrangements as the "interconnection process."

The interconnection process has three key functions that are useful for integrating Community
Microgrids.
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First, it ensures that the interconnection will not impact the stability of the grid. This is accomplished
through a series of technical studies, such as an Electrical Independence Test, a System Impact Study,
and a Facility Study. These studies are conducted to safeguard the integrity of PG&E's distribution
system.

Second, the interconnection process identifies the necessary upgrades and special facilities needed to
integrate the generator into the system, ensuring reliability. The process provides transparency and
cost certainty around these upgrades.

Third, the interconnection process verifies that the generator and its equipment meet PG&E's
standards for safety. The standard interconnection model follows a strict choreography of events and
statutory timelines as determined by FERC and CPUC jurisdictional agreements. Figure 10 provides a
sample of milestones in this process.

Figure 10: Sample Interconnection Milestone Table

4.3.1 Challenges with the Existing Interconnection Process for Microgrids
Initially, it was believed that the existing interconnection process would be sufficient to manage the
interconnection of a microgrid as a single controllable entity. However, as discussed in the Tariff
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section above, the existing interconnection process only evaluates for grid-connected operations and
does not contemplate the unique technical and operational requirements for microgrids during
islanded mode. Therefore, the existing interconnection process was necessary but not sufficient to
fully evaluate the performance and safe operations of Community Microgrids under all conditions.

The first challenge with the existing interconnection process is the timing of the technical studies. The
timelines for traditional generation interconnections are well defined and understood, so utilities are
comfortable committing to them. However, generators interconnected to microgrids require a new
and unique set of studies to evaluate the safety and performance of the system while the microgrid is
islanded. This new type of evaluation does not lend itself to clear timelines and makes it difficult for
PG&E to meet the statutory timelines required by the interconnection process.

The second challenge is that microgrids have Special Facilities unique to their operation. These
“Microgrid Special Facilities” go beyond those identified in typical Interconnection Technical Studies.
Because these Microgrid Special Facilities are directly required to interconnect under the WDT or Rule
21, there was a jurisdiction and scoping challenge. For example, if the non-required Microgrid Special
Facilities were included in the WDT and the project abandoned their intentions of a microgrid, the
WDT is simply not set up to cover what may be considered superfluous equipment.

Finally, Community Microgrids do not yet have a robust set of standards and reference architectures.
As a result, the facilities and equipment used in these systems need to go through an additional level
of design review and approvals, impacting interconnection timelines. The existing interconnection
process is ill-equipped to manage for these unknows.

4.3.2 The Microgrid Special Facilities Agreement

To address these challenges, the EGl and RCAM project teams decided to develop a supplemental and
independent process called the Microgrid Special Facilities Agreement[Attachment IV-B in the MOA]
that isolates the unique technical studies, special facilities, and standards required of the primary grid-
forming generator in microgrid mode. This new process focuses on evaluating just the problem-set
that exists in the islanded state, while maintaining the existing interconnection process for grid-
connected generators. The newly developed Microgrid Operating Agreement (MOA) captures the roles
and responsibilities for this new independent process.

Isolating the islanding operations and technical challenges from the standard interconnection process
allows for flexibility and adaptability. One key benefit of this approach is that a generator can progress
through the standard interconnection process, get online, and then the community can evaluate
whether they want the generation to act as the grid-forming generator.

4.3.3 Interconnection Process Results and Findings

4.3.3.1 Technical Assistance with Interconnection

Proper technical assistance significantly increases the chances of a successful interconnection
application. Understanding potential distribution upgrade requirements early in the process is critical
to assess the business case. Additionally, engaging PG&E's Distribution Planning Engineers early in the
design phase can streamline the interconnection process by pre-empting many of the typical issues
that arise when interconnection mistakes are discovered later in the design cycle.
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Based on the lessons learned, the CMEP and MIP programs provide increased technical support for
community microgrid projects as a foundational pillar of these programs. Both RCEA and the Schatz
Center have noted that increased technical assistance to the microgrid applicant significantly increases
chances of a successful interconnection application. This was evident for example when the initial
system impact study identified the incremental distribution upgrade costs (including cost of
ownership) to RCEA would be $S2.2MM. These costs significantly exceeded the project budget and
would have killed the project. After some conversation with Distribution Planning, at the request of
the customer, the issue was resolved by changing the import/export limits on the battery. This simple
change brought the interconnection costs down to around $200K which substantially increased the
economic viability of the project. While this technical review is available to any interconnection
customer, this example demonstrates how technical support can make or break a project.

PG&E’s Distribution Planning Engineers were key stakeholders in this project and were engaged early
and often in the design phase. This engagement streamlined the interconnection process by pre-
empting many of the typical issues which arise when interconnection mistakes are discovered later in
the design cycle. This includes, most importantly, early review of the projects inverter’s capabilities
prior to submitting the interconnection application.

In addition to increased technical support from PG&E, it is equally important for applicants to
understand the utility interconnection process. Experience with interconnecting projects matters. Case
in point, another microgrid project entered the interconnection process around the same time as
RCAM. The project team lacked the interconnection experience of RCAM’s project partners the Schatz
Center and RCEA. The project with a less experienced team ran into significant project delays forced by
redesign and interconnection agreement negotiations. In contrast, the RCAM project team with a
more complicated interconnection was able to meet all key interconnection milestones and
successfully interconnect. Where interconnection experience is lacking, microgrid developers need
additional technical assistance to navigate the interconnection process. Therefore, PG&E’s Community
Microgrid Enablement Tariff requires the technical partner to demonstrate previous development
experience.

A full accounting of the technical lessons learned during the interconnection process can be found in
the Community Microgrid Technical Best Practices Guide?,

4.3.3.2 Implications on Deliverability

RCAM was interconnected under the WDT which provides three pathways for interconnection?:
1. Cluster Study Process
2. Fast Track Process
3. Independent Study Process

The Cluster Study Process has an “interconnection request” window open once per year between April
1st and April 30th and takes approximately two years to complete. This timeline did not work with the

28 Community Microgrid Technical Best Practices Guide (pge.com)
29 Distribution Interconnection Handbook (pge.com)
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RCAM project schedule. Additionally, the project was not eligible for the PG&E DER fast-track process.
Therefore, RCEA applied through the WDT Independent Study Process.

When RCEA first applied for the interconnection in March of 2019, they needed to decide whether to
connect as an Energy Only or as a Full-Capacity Deliverability resource (FCD). The ability to obtain FCD
is important to enable these resources to claim Resource Adequacy (RA) credit. The value of RA can be
an important component to the economic viability of a project. However, the FCD requires a network-
wide engineering analysis to mitigate any potential impact on transmission level voltage facilities. This
analysis is costly and can take up to two years to complete. As with the Cluster Study Process, the
RCAM project schedule could not accommodate this schedule impact.

By choosing the Energy Only Delivery, RCEA is able to participate in the CAISO market operations, but
cannot deliver its full output to the aggregate of load on the grid*°.

While RCEA understood the implications of these tradeoffs, they did not realize that this decision was
final and could not be changed during the interconnection process and there were very limited options
for seeking FCD as an existing interconnected resource.

That limited option for seeking deliverability as an existing interconnected resource is called the
Distributed Generation Deliverability (DGD) Study Process which is run by CAISO. This DGD process
theoretically allows generators that are either in the interconnection queue or are already
interconnected as Energy Only assets to receive FCD and thus Resource Adequacy credit. However, as
a practical matter, this is not an option. The DGD process is run by CAISO on an annual basis and is only
available to generators on highly constrained circuits identified by CAISO. As it happened, Janes Creek
1103 was not selected as one of these constrained circuits and therefore the RCAM generator is not
eligible. When looking at the economic viability of these project resources, this is not a reliable
pathway to obtain RA credit.

There has been some discussion of changing this policy to allow existing Energy Only facilities to re-
enter the interconnection queue and apply for Full Capacity Deliverability Status (FCDS). Changing this
policy would help support the economics of smaller generating resources interconnected specifically
to support community microgrids.

4.3.3.3 Interaction between PG&E Interconnection and CAISO

While RCEA and the Schatz Center were able to effectively navigate the WDT Interconnection Process
and CAISO New Resource Implementation Process without PG&E and work directly with CAISO to
establish RCAM as a wholesale generation resource, it is worth mentioning a few areas where PG&E
has been informed of some possible roadblocks for future projects.

CAISO typically requires 100% of the generator’s deliverable capacity to be available for the market at
any given time. However, for Community Microgrids with batteries, it is best practice to keep some
percentage of the battery’s capacity in reserve to be able to respond to emergency events. Therefore,
if the Community Microgrid requires a WDT interconnected battery, it is important for the Applicant to

30 Wholesale Generation Interconnection Services Wholesale Distribution Independent Study and Cluster Study
Interconnection Processes Interconnecting Your Generating Facility with PG&E's Electric Grid (pge.com)
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work with CAISO to ensure the project can maintain reserve capacity while also participating in
wholesale markets. The RCAM project was able to accomplish this and typically leaves 25% of battery
capacity in reserve for resiliency purposes.

Secondly, CAISO is indifferent whether the generator is grid-connected and exporting to the bulk
electrical system, or whether the microgrid is islanded. The generator receives CAISO market revenue
in either scenario. However, in an islanded state, the generator’s sole responsibility is to support the
load in the microgrid and is unavailable to respond to market signals. The failure to respond to CAISO
dispatch signals by the generator will result in financial penalties. Therefore, an outage card must be
issued during islanding events so that the generator is not called by CAISO. It is important for
generators to manage these outage cards.

4.4 Community Microgrid Policy and Process Key Takeaways

e Preserve Grid-Connected Rules and Processes. In creating a community microgrid tariff, it was
critical that it not conflict with or impact any existing rules and processes. This was
accomplished by restricting CMET applicability to islanding and transitional conditions only and
pointing to relevant rules and tariffs. Otherwise, when the microgrid is in standard grid-
connected conditions, all other rules and tariffs apply. This includes maintaining the standard
interconnection process required for any and all project resources within the microgrid. All
timelines for the system impact study, facilities study, etc. are unchanged and remain separate
from CMET.

e Clear Equipment Ownership. One of the more contentious challenges with Community
Microgrids is allowing a third-party (i.e., Community Microgrid Aggregator) to leverage front-
of-the meter project resources and utility-owned assets to energize critical facilities when the
broader grid is down. This safety and liability concern was solved for by creating a clear bright
line of microgrid asset ownership and ensuring no third-party equipment nor third-party
operational control of PG&E assets. While this solution is clean, it does increase the cost and
complexity of a project by requiring two microgrid controllers (one owned by each party). This
solution allows PG&E to remain the utility distribution owner and operator during both grid-
connected and Islanded modes, including determining when the microgrid can be islanded for
emergency events (the default objective of PG&E), or disabling the microgrid for safety or
maintenance issues.

e Clear Roles and Responsibilities. Community Microgrids often include multiple parties in the
design, development, and operation of a microgrid, which can complicate the assignment of
roles and responsibilities. The CMET, Microgrid Operating Agreement (MOA), and the
Jurisdictional Boundaries Letter of Agreement are three critical documents used for defining
roles and responsibilities of parties involved (Section 8.2). When designing these agreements,
it was essential that PG&E maintain the utility role as the grid operator and provide
distribution services to customers at all times and that there be a single third-party
countersigner to the agreements (i.e., the Community Microgrid Aggregator). The Community
Microgrid Aggregator is the party responsible for coordinating the grid forming generator(s)
and making necessary upgrades to the microgrid when it becomes unsafe to operate in island
mode. The Community Microgrid Aggregator is not necessarily the generation owner, which
was an unexpected outcome when initially drafting the tariff and MOA. For RCAM specifically,
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RCEA is the Community Microgrid Aggregator and project resource owner, the Schatz Center
designed and engineered the microgrid and is the entity that helped fulfill the Operating
Procedures and Protocols outlined in the MOA, and there is a separate scheduling coordinator
that operates and maintains the dispatch of the project resources to provide frequency and
voltage support when the microgrid is islanded.

Energy Settlements during Island Mode. Through the process of identifying possible
compensation mechanisms for the energy provided to customers when a microgrid is islanded,
PG&E found that the energy settlement provisions under a Project Resource’s Wholesale
Distribution Tariff or Rule 21 tariff will continue to be enforced even when the microgrid is
disconnected from the bulk grid. CAISO confirmed that all meters in the wholesale market
continue to spin during island mode and any energy generated by project resources within the
microgrid will be settled by the CAISO in the imbalance market based on the nearest CAISO
pricing node. When a microgrid is islanded, the microgrid aggregator’s scheduling coordinator
must submit an outage card to the CAISO because the grid-forming generator must meet the
loads of the islanded microgrid and cannot respond to CAISO dispatch instructions. Any
energy generated to meet the load within the microgrid will be settled in the energy
imbalance market based on the real-time price at the nearest CAISO pricing node. In addition,
net metered resources will continue to accrue electric bill savings when operating as part of an
islanded microgrid. The RCAM wholesale and retail generators will therefore be compensated
in this way during islanded operation. PG&E developed the Community Microgrid Enablement
Tariff (CMET) that will be used to govern the operational and financial aspects of a multi-
customer microgrid. The CMET points to the existing rules (i.e., Wholesale Distribution, Rule
21, CAISO tariffs) and processes that are necessary for settling energy transactions during
island mode.

Capturing Resource Adequacy and Interconnection Timelines. RCEA originally intended for
their FTM solar and battery project resources to qualify for Resource Adequacy (RA) credit as
another revenue stream to further justify the economic viability of the project. Unfortunately,
given the complexity of attaining Full Capacity Deliverability Status (FCDS) for RA credit and the
time and cost it would take to participate in the required cluster study (a few years), RCEA
chose to interconnect as an Energy Only resource (instead of a FCDS resource), hoping they
would have the opportunity to later make a request to change their interconnection status
from Energy Only to FCDS. Unknowingly, this early decision to interconnect as an Energy Only
resource restricted the project resource from later going through the cluster study to apply for
FCDS. One of the policy recommendations from this experience is to allow re-entry into the
interconnection process for Energy Only resources that are already operational so they can
engage in the cluster study process and obtain FCDS if they desire to do so. Another
recommendation is to enhance the support provided to DG owners/operators/developers
through the interconnection process (e.g., better educational and awareness information,
better publicity, a more transparent process, etc.).

Relying on the MOA Appendices for Flexibility. When developing the Microgrid Operating
Agreement for RCAM, one of the key intents was to create a replicable agreement for other
community microgrid projects. One of the challenges in doing so is that each microgrid is
unique (e.g., microgrid configurations, required equipment, development timelines, microgrid
islanding study etc.) which needs to be documented and addressed in the MOA. At the same
time, PG&E also needs to avoid re-negotiating contractual terms in the MOA that are non-
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negotiable. To balance these requirements, the MOA was structured such that the terms in the
body of the MOA are fixed and appendices are used to provide flexibility for unique
characteristics for each microgrid. Many of the MOA appendices developed for RCAM were
also drafted with the intention of re-use for other Community Microgrid projects with minor
modifications.

o Modification of PG&E’s Special Facility Agreement. When RCAM was originally proposed, it
was thought that a new agreement or tariff would need to be developed to appropriately
handle cost recovery of equipment required for islanding. It was later determined that PG&E’s
existing Special Facilities Agreement could be slightly modified for a Community Microgrid use-
case.

e No Performance Requirements. It was ultimately determined that when the Community
Microgrid Aggregator is responsible to pay for maintenance and upgrades of the microgrid to
ensure the microgrid can island safely (as described in Section 4.2.5), PG&E does not obligate
the Community Microgrid Aggregator to pay for those upgrades if they decide they do not
want to make those investments to enable island mode. If the Community Microgrid
Aggregator chooses not to pay for upgrades, the microgrid will be restricted from islanding
until required upgrades are met. However, this approach is not applied for projects that are
provided incentive funding through PG&E’s Microgrid Incentive Program which do have
performance obligations.

e Generation Reserve for Islanding. The resilience provided by a microgrid is inextricably linked
to the ability to hold a portion of stored energy in reserve at all times. CAISO requires full
participation from energy storage market participants however a microgrid aggregator also
needs to maintain a reserve capacity of the project resources for islanding needs (i.e., battery
energy system). RCEA set a minimum state of charge parameter on the battery to 25%, which
was acceptable to CAISO, that serves as the reserve state of charge to respond to emergencies.

4.5 Gaps and Recommendations

4.5.1 Challenges with the Siting and Study Processes

Siting a generator is highly dependent on the location having available hosting capacity. Given the
capacity issues throughout PG&E’s territory, it is important to provide potential microgrid developers
visibility into the current available capacity on the system. The ICA maps are a tool in service to this
goal, but they are often too coarse for final site selection. Improving the granularity of this data would
help with future microgrid siting activities.

One of the key gaps that needs to be addressed is to simplify the Microgrid Island Study. For example,
Real-Time Digital Simulation and Power-Hardware-in-Loop testing were critical tools to evaluate
Community Microgrid generators at this stage in the Community Microgrid maturity. However, this
testing is expensive and raises questions about the long-term sustainability of this approach.
Development is needed to find ways to standardize studies, develop less intensive processes to model
Community Microgrids more efficiently, reduce costs, and shorten implementation times.
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4.5.2 Managing Change within the Community Microgrid

It is unclear how PG&E will accommodate load growth within the microgrid. The microgrid islanding
studies and operational components were studied as a static microgrid footprint. However, microgrids
are dynamic. While PG&E has the right to re-study the microgrid if there are material changes such as
load growth, PG&E will need to establish a load growth doctrine consistent with the principles of how
it manages load growth within the larger distribution network.

4.5.3 Additional Value from Community Microgrid Resources

Community microgrids backed by batteries may provide an opportunity to provide additional services
beyond the resiliency afforded by microgrids. The Interconnection Technical Studies view batteries as
a standard generation source whereas batteries can provide a host of grid support functions which
standard generators cannot. As feeders get more dynamic with the addition of electric vehicles, PG&E
may want to revisit this conservative approach and employ these batteries for additional uses. This
may also open additional revenue opportunities battery-based generators for microgrids.
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5 RCAM Protection and Design

The RCAM protection system is a combination of PG&E-owned and RCEA-owned protective devices.
The protection system is designed to successfully isolate faults experienced during both grid-
connected and grid-forming microgrid operations.

Developing an effective protection scheme is particularly challenging for microgrids with only inverter-
based resources, such as RCAM, due to the reduced fault current contribution. The protection scheme
was made even more challenging given this is an ungrounded system when islanded, and the desire for
seamless transitions between grid-connected and grid-forming modes. Successful development,
commissioning, and real-world performance are key project achievements and represent noteworthy
advancements to the current state-of-the-art.

5.1 RCAM Protective and Control Devices

PG&E and RCEA needed to add specific equipment and settings to enable the Community Microgrid
beyond what is needed for a normal large generation interconnection. Below is a description of the
protective and control devices that support the microgrid and the interconnected system with a
diagram of the connections (Figure 11).

Figure 11: RCAM Protective and Control Devices

PG&E Facilities:
a. The PG&E owned G&W Viper ST Line Recloser LR 136680 located on Janes Creek 1103 circuit is
the RCAM Microgrid Islanding Point and is the islanding recloser.
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b. The PG&E owned SEL-651R Advanced Recloser Control relay is used to supervise and control

the line recloser LR 136680. The protective settings are set to coordinate with the RCEA-owned
RCAM SEL-700GT+ relays and upstream PG&E Line Recloser LR 7588, and to protect the
remaining 12kV line section up to the end of the line.

The PG&E owned SEL-2506 Remote I/0O unit provides hardwired control outputs and status
inputs between the SEL-651R and the RCEA owned SEL-700GT+ relays.

The PG&E owned SEL-3555 microgrid controller provides control and integration with the
RCEA generation controller.

RCEA facilities:

a.

The RCEA owned Generation Circuit Breaker is the point of interconnection between RCEA’s
grid forming generation and the PG&E distribution Janes Creek 1103 circuit.
The RCEA owned, two SEL-700GT+ Intertie Protection relays are used to supervise and control
the RCEA medium voltage Generation Circuit Breaker. The primary SEL-700GT+ relay provides
protection and control. The secondary SEL-700GT+ relay provides redundancy for protection
related functions and elements, but there are no control functions.
The RCEA Islanding Controller (SEL-3530) can trip the PG&E Recloser LR 136680, when PG&E
permits “customer trips”, for instances where the RCEA BESS Site Controller detects a
potential islanding condition. This provides a more sensitive island detection than using the
PG&E recloser alone.
The RCEA Multi-Mode Grid Forming Generation - 2.3 MVA / 8.8 MWh Battery System and 2.2
MW of DC-coupled photovoltaic (PV) panels, also referred to as the BESS can operate in “Grid
Following” or “Grid Forming” modes.

e Grid Following mode — Inverter is configured per WDT UL-1741 requirements,

including Voltage, Frequency, Active Anti-Islanding, and Volt/Var.
e Grid Forming mode - Inverter is configured to support the microgrid load. Voltage and
Frequency elements are configured accordingly. Active Anti-islanding is disabled.

The SCADA operated 480VAC RCEA SCADA Circuit Breaker, is controlled by the SEL- 3555
RCAM Generation Controller as over-generation mitigation during islanded operations for the
300 kW Net Energy Metered (NEM) PV system.
The SEL-2505 Remote I/O unit is used for monitoring and controlling the NEM PV RCEA SCADA
Circuit Breaker and the Battery AC circuit breakers. The SEL-2505 communicates with the
Primary SEL-700GT relay and has hardwired connections to the customer I/O sections in the
Battery and NEM PV SCADA Circuit Breaker.
The RCEA owned S&C PMH-3 12kV AC disconnect for the BESS.
The RCEA owned SEL-3530 islanding controller is connected to PG&E’s line recloser to support
islanding with the BESS.

5.2 State-Based Protection Settings

Protection settings automatically change at the PG&E-owned line recloser (islanding device) depending
on if RCAM is in Microgrid Enabled Mode or Microgrid Disabled Mode (Section 3.3). The settings for
the RCEA-owned Generation Circuit Breaker will change automatically depending on if the Community
Microgrid is grid-connected or islanded. Figure 12 provides an overview of the protective device group
settings for the line recloser and Generation Circuit Breaker, with more detailed descriptions in the
following sections.
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Figure 12: RCAM Protective Device Configuration

Microgrid Enabled Mode:
The Microgrid Enabled Mode setting allows grid-connected or islanded operation of the microgrid.

RCAM will island automatically if there is a PG&E grid disturbance on the source side of LR
136680 and will automatically reconnect to the grid when PG&E power source-side of LR
136680 is stable for 15 minutes.
PG&E’s LR 136680 will function as both an islanding device and a protective device in this
mode, with no reclosing enabled (1 shot to lockout) and no Sensitive Ground Fault features.
RCEA'’s SEL 700GT+ relay setting group will automatically change for the RCEA Generation
Circuit breaker if transitioning to an islanded or grid-connected state based on the status
change of LR 136680.
Trip/Close signals from the RCEA BESS are allowed in Microgrid Enabled Mode.
PG&E’s SEL 651R relay is set on Group-6 - Microgrid “Enabled” for both Grid-Connected and
Islanded operation. The SEL-651R is coordinated with the RCEA Generation System. The
following protective elements are enabled:

O 50/51 Phase Instantaneous/Time Overcurrent

0 50/51G Ground Instantaneous/Time Overcurrent

0 27 Undervoltage (Supervised with ground and phase overcurrent)

0 59 Overvoltage (Supervised with ground and phase overcurrent)
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81 Over / Under Frequency

25 Synchronism Check

Direct-Transfer-Trip to RCEA 12kV Generation Circuit Breaker

The 27 and 59 elements are supervised with the phase and ground time overcurrent
element pick-up elements in Group-6. This supervision will prevent the 27 and 59
elements from operating for in-section faults.

©O O O0Oo

Microgrid Disabled Mode:
The Microgrid Disabled Mode setting allows grid-connected operation of the RCEA generation;
however, it will not allow the microgrid to island.

Islanding and transitioning are not allowed.
If already islanded when this mode is activated, the generation will shut down.
LR 136680 will function like a normal protective device by only tripping on overcurrent
elements, with no reclosing enabled (“One shot to lockout”) and no Sensitive Ground Fault
features.
This mode may be selected by Operators or may assert automatically due to an alarmed
communication failure.
Redundant SEL-700GT+ relays controlling the RCEA Generation CB are in Settings Group 1 for
Grid-Connected Operation.
RCAM BESS is in “Grid Following” mode.
The SEL-651R Recloser Control Relay that controls LR 136680 will be in Setting Group 1 when
in Microgrid Disabled mode for Grid-Connection operation.
The SEL-651R relay is coordinated with the RCEA Generation System.
Trip/Close signals from the RCEA BESS are inhibited in Microgrid Disabled Mode.
SEL-651R Setting Group 1 (Microgrid Disabled Mode) has the following protective elements
active:
0 50/51 Phase Overcurrent
50/51G Ground Overcurrent
27 Undervoltage (Supervised with ground and phase overcurrent)
59 Overvoltage (Supervised with ground and phase overcurrent)
81 Over / Under Frequency
Direct Transfer-Trip to RCEA 12kV Generation Circuit Breaker
Close supervision over LR 136680

0O O0O0OO0O0O0

Grid-Connected State:

Under blue-sky conditions, the microgrid is connected to the PG&E grid and RCEA’s wholesale
generation assets operate independently in the CAISO wholesale market. This state can occur when
RCAM is in Microgrid Enabled Mode or Microgrid Disabled Mode.

Protection is provided by LR 136680 in coordination with RCEA generation circuit breaker.
RCAM BESS is in “Grid-Following” mode.
PG&E has override capabilities if needed.
RCEA generation assets are constrained by PG&E to between 1.45MW charging and 1.75MW
discharging.
Redundant SEL-700GT+ relays controlling the RCEA Generation CB are in Settings Group 1
(Grid-Connected Operation) with the following protective elements:

0 Over/undervoltage (27/59) - Settings per Rule 21

0 Over/underfrequency (810/U) - Settings per Rule 21
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0 Ground overvoltage (59N): RCAM transformer high side (12kV) is delta connected
winding leaving the microgrid 12kV portion ungrounded, hence the 59N element will
be used for ground protection and a sensitive 59 element is used for phase
overvoltage protection.

O Phase Instantaneous/Time overcurrent (50/51) - Settings coordinated with LR 136680.

0 Ground Instantaneous/Time overcurrent (50N/51N) - Settings coordinated with LR
136680.

0 Discharge (Generation) Restriction (32R discharge) 1750kW and Charge Restriction
(32R charge) 1450kW.

Islanded State:

If there is a PG&E grid disturbance on the source side of LR 136680, the RCAM system will island, and
RCEA’s BESS system will support the load under the islanded condition. This state can only occur when
RCAM is in Microgrid Enabled Mode.

The RCAM BESS will transition from “grid-following” mode to “grid-forming” mode.
Protection when islanded is provided primarily by RCEA’s generation circuit breaker.
PG&E has override capabilities if needed.
Redundant SEL-700GT+ relays controlling the RCEA Generation circuit breaker are in Settings
Group 2 (Islanding Operation) with the following protective elements:

0 Over/undervoltage (27/59) Overvoltage is set to trip in 0.16 seconds at 115% phase-
ground overvoltage.
Over/underfrequency (810/U)
Ground overvoltage (59N) — Detects 12kV line to ground faults.
Voltage Controlled phase overcurrent (51C).
Overcurrent protection is supervised by a phase-phase undervoltage element set at
80% that measures the 12kV BESS fault current contribution.

O O 0O

5.3 Microgrid Fault Responses

The microgrid protection and control system operation is designed based on short circuit analysis for
line to ground and three phase faults in the below mentioned scenarios for the grid-connected and
islanded system, respectively. The different fault zones are represented in Figure 13 below.

Figure 13: RCAM Fault Zones

5.3.1 Grid-Connected Fault Response in Microgrid Enabled Mode:
PG&E External Fault:

The PG&E microgrid controller auto-transfer scheme is activated.
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LR 136680 is tripped open by either the LR SEL-651R voltage or frequency elements, or tripped
from the RCAM BESS via the inverter island detection function.

SEL-651R transmits the open status to the RCAM SEL 700GT+ relays to change the relay setting
group to Group-2 for the RCEA Generation Circuit Breaker.

The RCAM SEL 700GT+ relay settings shift to Group-2.

RCAM BESS inverters shift to “Grid Forming” mode to supply customer load.

Zone 1 (PG&E Primary Grid with in the RCAM Boundary) Fault:

SEL-651R relay phase or ground protective elements will detect the fault and trip open LR
136680.

SEL-651R sends a trip command to the RCAM SEL 700GT+ relays which in turn trips the RCEA
Generation circuit breaker and drives to lockout.

The RCEA 300 kW PV system inverters will shut down on anti-islanding.

Zone 2 (RCEA-owned Wholesale Generation Equipment) Fault:

5.3.2

SEL-700GT+ relays will detect the fault and trip the RCEA Generation Circuit Breaker to
lockout.
BESS internal circuit breakers will also trip.

Islanded Fault Response in Microgrid Enabled Mode:

Zone 1 (PG&E Grid with in the RCAM Boundary) Fault:

SEL-700GT+ relays detect the fault and trips RCEA Generation circuit breaker to lockout, and a
lockout signal will be sent to LR 136680.

The SEL 700GT+ settings do not coordinate with the tap fuses when the BESS is supplying the
island.

Faults must be observed and investigated beyond fuses as they may not trip during a fault
while islanded due to lower generator fault duty.

The RCEA 300 kW PV system inverters will shut down on anti-islanding.

Zone 2 (RCEA Wholesale Generation) Fault:

5.3.3

SEL-700GT+ relays detect the fault and trip the RCEA Generation Circuit Breaker.
The BESS internal circuit breakers will also trip.

Microgrid Disabled Mode is automatically triggered.

The RCEA 300 kW PV system inverters will shut down on anti-islanding.

Fault Response in Microgrid Disabled Mode:

PG&E External Fault:

Since the fault or outage is on the grid side of the line recloser, LR 136680 will remain closed
and source side protection devices will coordinate and operate.

The SEL-651R voltage and frequency elements are disabled in this mode.

The RCAM SEL 700GT+ relay settings will remain in Group-1.

RCAM BESS remains in “Grid Following” mode.

RCAM BESS inverter trips on Active Anti-islanding or voltage/frequency elements.

The RCEA 300 kW PV system inverters will shut down on anti-islanding.
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Zone 1 (PG&E Grid with in the RCAM Boundary) Fault:
e The SEL-651R phase or ground overcurrent protective elements will detect the fault.
e LR 136680 will open and lockout.
e The SEL-700GT+ automatically trips and lockouts the RCEA generation circuit breaker.
e The RCAM BESS remains in “Grid Following” mode.
e The RCAM BESS inverter trips on Active Anti-islanding or voltage/frequency elements.
e The RCEA 300 kW PV system inverters will shut down on anti-islanding.
e LR 136680 does not auto-reclose, a manual test may be performed via SCADA.

Zone 2 (RCEA Wholesale Generation) Fault:
e LR 136680 will remain closed.
e The RCEA Generation CB will trip and lockout.

5.4 RCAM Protection and Design Key Takeaways

Need for New PG&E Microgrid Protection Device:

PG&E did not have a standard device for microgrid protection. PG&E introduced SEL-651R relays for
protection at the microgrid point of interconnection based on design analysis and evaluation. To
support this new device PG&E had to create new setting files, testing, commissioning, documentation,
and maintenance processes.

Need for Overcurrent Supervision of Voltage Elements:

The SEL-651R was initially tripping on voltage-based protection for internal faults in the microgrid
while the microgrid was grid-connected and allowed the BESS to island into a fault in PHIL testing. This
caused the device to not send a signal to the SEL-700GT+ to trip the Generation CB since the condition
to send this signal was an overcurrent trip. This was later addressed with an overcurrent supervision to
the under-voltage element in SEL-651R. Overcurrent supervision allowed discriminating between faults
internal and external to the microgrid and did not allow the BESS to form the microgrid during internal
faults.

Faults During Islanded Operation May Not Trip Fuses:
For the microgrid internal faults under islanded operation, faults must be observed and investigated
beyond fuses as fuses may not trip during a fault while islanded due to lower generator fault duty.

Sufficient Short Circuit Current Required:

When in an islanded condition, the inverter introduced short circuit current should be significant
enough to contribute to the microgrid internal fault detection and protection coordination. The fault
contribution should be tested to confirm fault detection. Testing for RCAM found the BESS did not
generate sufficient fault current levels as specified in the product documentation. This issue led to
faults being undetected during islanded condition in PHIL testing at the ATS (Applied Technology
Services) Microgrid Testbed. This issue was resolved by updating the firmware in the inverter to
increase the fault current.

Grounding Bank for Improved Fault Response:

During a ground fault, a ground reference helps to mitigate potential overvoltage conditions due to a
neutral shift and provides a path for ground fault current to enable traditional protection methods to
detect the ground fault. RCAM is normally connected to the PG&E 12kV, 3-wire, uni-grounded (neutral
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is grounded only at the substation and the distribution transformers) distribution system. When RCAM
islands there is no longer a grounding reference because the RCAM BESS and loads have delta-wye
grounded transformers (delta on the high side and wye grounded on the low side). Although ground
faults are detected by a ground overvoltage element (59G) there can be issues with overvoltage. To
help mitigate this issue in the future for similar scenarios, the following actions are suggested to help
with the successful detection of ground faults:

e High side (12KV side with delta winding) should not be grounded in grid-connected mode

e High Side (12KV side with delta winding) should be grounded in island mode (using a switched

in grounding bank)

44



EPIC Final Report | 3.11 - RCAM

6 Hardware and Controls Testing

The objective of the hardware and controls testing scope was to support the successful deployment of
RCAM by providing a means of validating the microgrid control logic and protection scheme settings to
be deployed in the field. PG&E took a three-stage approach to testing consisting of FAT, ATS Testing,
and Field commissioning as described in Figure 14.

Figure 14: PG&E RCAM Test Strategy

6.1 Factory Acceptance Testing (FAT)

FAT was performed by the vendor and RCAM developer. While the FAT test plan was reviewed by
PG&E, PG&E did not have a major role in this testing. FAT only provided a basic level of testing as it
used emulated relays and power hardware. This was adequate for hardware and communications
failsafe logic testing as well as providing confidence in basic capabilities of the system. However,
significant updates were still required after passing the basic tests in FAT. It highlighted the
technology was not mature enough to be “off the shelf”, and provided insight that FAT alone was
inadequate to let a system go directly to the field.
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6.2 PG&E Applied Technology Services (ATS) Testing

PG&E internal testing was performed at
PG&E’s ATS laboratory in San Ramon, CA.
PG&E’s approach was to develop a Power
Hardware-in-the-Loop testbed that would
allow the execution of various control
sequences and the application of power
system faults in a controlled laboratory
environment. The testbed included the
same microgrid controllers, protective
relays, and DERs that would be active in the
field, but in contrast to pure hardware
testing, the equipment was interfaced with
a real-time simulation model of the
microgrid. This allowed ATS to evaluate the
protection and control devices under a wide
range of conditions, including edge cases,
that would be difficult or impossible to test
in the field. Whenever a performance issue
was found, either at the testbed or in the
field, logic changes could be readily
implemented and re-tested as necessary in
a safe and efficient manner. This ability to
rapidly iterate and deploy fixes was a key

contributor to the success of the RCAM project.

A test plan was designed to test the core functions of the microgrid and the protection functions in
grid-connected and islanded modes. This test plan was developed and based on IEEE 2030.83!
Standard for the Testing of Microgrid Controllers and IEEE 2030.732 Standard for the Specification of

Figure 15: ATS Testbed for RCAM

Microgrid Controllers. The ATS test plan covered three major areas and is provided in

31 |EEE SA - IEEE 2030.8-2018
32 |EEE SA - IEEE 2030.7-2017
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Appendix 3 — ATS RCAM Test Plan:

1. Confirmed the correct execution of microgrid control sequences:
e Microgrid dispatches are limited by PG&E provided constraint limits (Figure 16)
e Automatic and Manual transitions between grid-connected and islanded states
e BESS State of Charge related functions

Figure 16: Confirming BESS Dispatches are Constrained by PG&E Provided Limits during Testing

2. Evaluated the stability of the microgrid for various modes of operation:
* Microgrid voltage and frequency regulation
¢ Seamless and break-before-make transitions

Figure 17: Voltage / Frequency Profiles from Seamless Transition to Island Tests

3. Validated relay protection settings:
e Grid Voltage and Frequency Fluctuations

¢ Line-to-ground (LG), three-phase (3P), line-to-line (LL), and line-to-line-to-ground (LLG)

faults
e External to the Microgrid Faults
e PG&E Microgrid Primary Faults
e Customer Generation Zone Faults
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Figure 18: External Fault Testing Results

The testing plan was executed over the course of 10 months between June 2021 and April 2022. Three
rounds of tests were performed including a final “regression test” which resolved all remaining issues
identified during initial testing and field commissioning. A large part of commissioning time at ATS was
spent developing and testing the islanding controller logic in the SEL-3505-3 and its interaction with
the BESS Site Controller. ATS supported the Schatz Energy Research Center (Schatz Center), Schweitzer
Engineering Laboratories (SEL), and the battery vendor throughout this development process and
subsequent testing.

6.2.1 ATS Testing Findings

FAT Inadequate:
Issues were initially found with post-Factory Acceptance Testing (FAT) controller programming when
the controllers were tasked to interoperate with real (non-emulated) relays and power hardware,
including:

e Communication issues

e Grid-connected real/reactive power dispatch issues based on the configuration of weak-grid

detection algorithms of the BESS.
e Issues for both seamless and break-before-make transitions.

It was also found that the processing power of the SEL-3505-3 was not enough to allow consistent
operation of the microgrid controls. This led to sporadic issues that occurred when the processor
usage spiked up to 100%. The issue was resolved by replacing the SEL-3505-3 with the more powerful
SEL-3530-4. Grid-connected Fault Detection and Islanded Fault Detection functions were then tested
with the upgraded hardware and BESS firmware to complete the testing scope.

BESS Not Performing to Specifications:

Another finding of the PHIL Testing was that the Battery Energy Storage System (BESS) did not initially
generate the fault current levels as specified. This issue was discovered by ATS and reported to our
project partners. This issue was resolved with firmware changes to the inverter.

Need for Lab Testing:

Because the testbed included the physical protection, control, and power hardware devices used at
RCAM, ATS was able to identify hardware-specific configuration errors, communication issues, and
validate performance specifications in advance of field testing and deployment. As a result of this
thorough lab testing, the field tests only identified minor issues and resolving these issues did not
significantly delay deployment.
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Need for Regression Testing:

In cases where field testing uncovered issues not identified during ATS testing, the ability to replicate
the problem in the testbed and compare results between the two environments proved to be an
invaluable learning and development tool.

Protection Setting Updates:

ATS testing allowed PG&E to test a wide variety of fault and abnormal conditions that would not have
been possible in the field. Based on these findings, protection settings of the system were updated to
provide the proper fault response when insufficient. For example, it was found that overcurrent
supervision was required for the voltage-based protection of the PG&E recloser when grid-connected
to allow the Generation Circuit Breaker to trip and isolate faults within the RCEA Generation Zone.

ATS Testing Not Scalable:
ATS testing lasted 10 months and had four rounds of testing. This is not easily replicable and scalable.
A need for more standardization is required in the future to reduce the testing burden.

6.3 Commissioning Testing

Commissioning testing was done in the field prior to operation and consisted of seven tests (Appendix
4 — RCAM Commissioning Test Plan Summary). Testing was done in coordination with all project and
vendor partners and late at night so as not to impact airport operations. Field testing highlighted that
even with all the testing done through FAT and ATS, there were still issues that needed to be resolved.
However, the extensive failsafe planning and lab testing provided a safety net for the unknowns,
where even though there were issues, they did not impact the safety of the system. Also, because of
the ATS testbed, issues found in the field could be easily retested prior to restarting commissioning
testing. Still, it took 6 sessions to complete the commissioning testing for RCAM to be ready for
operation.

6.3.1 Commissioning Testing Findings

There were two key issues from the commissioning test process that led to changes in the controls,
hardware, and future design thinking. It is recommended that all project vendors and sub-vendors
participate in the project commissioning. Commissioning is resource intensive, and the complexity of
these projects mean that unforeseen challenges are the rule rather than the exception. Having all
relevant vendors on-site during commissioning helped identify and troubleshoot problems in real-
time.

Cold Load Pickup Did Not Work in Field:

The first issue was the failure of the microgrid to execute a cold-load pickup, where the microgrid
generation was up to voltage and needed to energize the microgrid island by closing the generation
breaker. This is different than a black start, which had passed commissioning, where the generation
ramped up power and voltage while connected to the microgrid. During the cold-load pickup the
voltages were unable to stabilize within the required protection settings time window, and the system
would trip offline due to phase overvoltage on the ungrounded delta microgrid circuit. This led to a
change in the control logic to use a black-start vs a cold-load pickup for any conditions requiring the
generator to pick up the unpowered island. It also highlighted future design thinking around the need
for a grounding bank in future 3-wire installations. Currently RCAM relies on overvoltage protection
for the ungrounded system.
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Figure 19: Waveform Capture of Failed Cold-Load Pickup Test during Field Commissioning

Over-Burdened Processor

As described earlier in the ATS testing section, the processing power of the SEL-3505-3 was not enough
to allow consistent operation of the microgrid controls. During some of the commissioning tests this
led to unexpected outcomes because the signal processing delays caused associated systems to not
react within their prescribed timeframe causing the protective elements of the microgrid to trip the
system offline. The issue was resolved by replacing the SEL-3505-3 with the more powerful SEL-3530-4.
Grid-connected Fault Detection and Islanded Fault Detection functions were then retested at ATS
before retrying commissioning testing in the field.

6.4 Hardware and Controls Testing Key Takeaways

Improve FAT:

There is an opportunity to clarify and improve on the expectations of the Factory Acceptance Test
Procedure. More thorough and robust testing initially by the vendors should reduce the burden on
PG&E testing resources and requirements.

Proper Failsafe Design:

PG&E and RCAM partners spent many weeks to define and implement the failsafes across a multitude
of potential hardware, communications, and logic failure scenarios. This provided a layer of safety in
that even though testing could not identify all issues before going to the field, none of the field issues
resulted in any safety or equipment failures due to the robustness of the failsafes implemented.

Value of a Comprehensive Test Environment:

Community Microgrids are still at an early development stage. Having the flexibility to troubleshoot,
adjust controls, and repeat tests as required in advance of field work without the risk on equipment,
field personnel, or customers was a great advantage. This testing also increased the level of confidence
on the protection scheme for the aspects that could not be tested in the field such as those associated
with PG&E distribution system faults, internal faults along the microgrid circuit, and the short-circuit
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current contribution of the BESS. Strong collaboration among all the project partners was an important
factor to the success of lab testing. The testing also highlighted potential gaps and risks in relying on
vendor provided specifications and factory acceptance testing that does not include the depth of
testing provided by the PG&E PHIL testbed.

Need for Reduction in Testing and Development Cycles:

While RCAM would not be as successful as it is without the testing done, particularly at ATS, the
resources and time required to get RCAM successfully through testing is not scalable in its current
form. Standardization, improved FAT, and the maturity of vendors will help improve this in the future,
but the nascency of the market will keep this as a risk in the near-term.

Experienced Partners Matter:

The project greatly benefitted from the deep experience and engagement of the Schatz Center and SEL
acting as the control’s integrator. One of the biggest risks identified was that PG&E cannot expect to
have this high level of expertise on future projects. PG&E should emphasize the importance of the
Controls Integrator role in future projects, either by tariff, contracts, or programmatically.
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7 IT Communication and Cybersecurity

7.1 Overview of Activities

Resiliency in communications networks was a key design priority. The scope of the IT Communication
and Cybersecurity workstream was to integrate the microgrid into PG&E’s distribution network, enable
visibility and control of the microgrid at the Distribution Control Center (DCC), establish the
communications infrastructure, and ensure the solution complied with existing cybersecurity
protocols.

Two core documents were developed to support these objectives: the Solution Blueprint and the
System Security Plan. The Solution Blueprint supported the IT requirements by outlining the
infrastructure and recommendations required for monitoring and controlling the microgrid controller
and devices. This includes specific recommendations for the communication network, the local area
network, the local firewall solution, and PG&E’s microgrid controller.

The second document the Project Team developed was the System Security Plan (SSP). This plan was
developed by PG&E’s Cybersecurity Solutions team and contains all information necessary to make
objective security and risk management decisions regarding the operation of a specific technology
asset at PG&E. The SSP documents the security requirements and conditions necessary for RCAM to
operate in PG&E’s production environment in compliance with Cybersecurity policies and standards.

RCAM demonstrated that real-time SCADA could be safely integrated to the Distribution Control
Center to enable visibility and allow for grid-level control during both grid-connected and islanded
modes. Furthermore, after implementing initial security mitigations, the residual cybersecurity risk was
evaluated to be low and no additional cybersecurity action was needed for the scope of this project.
The IT Communications and Cybersecurity solution developed for RCAM is a viable, scalable, and
replicable approach for future community microgrid deployments.

7.2 The Communication Network

A communication network is required between the RCAM local network and PG&E’s SCADA Network.
The requirements of this network are that it must be a high speed and secure connection. PG&E
explored four options that met these requirements.

e PG&E owned FAN (Field Area Network) wireless mesh network

e PG&E owned PTP (Point-to-Point) Radio network

e  MPLS (Multiprotocol Label Switching) Connection (Leased line)
Third-party cellular network

Option Pros Cons
(Option #1) e PG&E owned e Not feasible at RCAM Site due
e Powered during an islanding to terrain and tree density.
PG&E ODN-FAN event with battery backup
Network e Higher availability and reliability
than others (Wireless Mesh
Network)
e Highly secure communication
network
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Low-cost solution

(Option #2)

PG&E PTP Radio

PG&E owned
Secure communications

Tree heights created issues
35 ft Pole installation issues
near Airport

(Option #3)

MPLS connection
(Leased line)

Available Solution

High speed and secure
connection

Leverage with RCEA fiber
connection

Will be higher availability than
cellular network in case of a PSPS
or islanding events

Cannot guarantee third-party
connectivity in the event of a
PSPS or outage event

More expensive

(Option #4) Available solution Cannot guarantee the Cell Site
Provides higher speed bandwidth will remain powered during an

Third Party than PG&E FAN islanding event or PSPS

Cellular Short deployment timeframe High-cost solution long-term

communication e Lower cost than leased line

network (fiber).

Table 2: Communication Network Options

The PG&E ODN-FAN Network was originally chosen as the recommended option. However, after a pre-
construction site walk it was determined that this option was infeasible. With an existing third-party
Fiber line passing within 200-300ft of the proposed location, the Solution Architect recommended the
third-party MPLS option, also known as a “leased line.”

While the cost of this solution was high, the MPLS solution offered several advantages. Chief among
these advantages was a reliable and fast communication pathway that did not rely on maintaining
power to an external cellular site to maintain the communications pathway. This was an important
consideration given that RCAM is designed to respond to emergency outages which could impact local
and regional communication towers. While the MPLS option is still dependent on a third party, it was
determined this pathway would have higher availability than a cellular network in case of PSPS or
islanding events.

7.3 General Security Principles and Governance

The primary principle driving network security was to have no routable network connections between
PG&E devices and third-party owned devices. For example, PG&E’s microgrid controller communicates
with the Generation Controller through a serial connection. Along with this principle, the PG&E project
team followed existing PG&E network security and cybersecurity standards. Key elements of these
governance documents are summarized in Table 3:
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Boundary Protection All systems must have defined network boundaries and protections in
place for any external interfaces.

Information System All systems must be monitored to detect unauthorized use including

Monitoring network connections, process behavior, and others. Alerts are sent to

the appropriate incident response personnel.

Wireless Access PG&E publishes security guidance for remote network access and only
authorized connections are allowed.

Least Functionality PG&E Security policies govern which ports and protocols are allowed
on internal networks.

Information System All systems must have a documented inventory including hostname, IP
Component Inventory address, physical/virtual, location, software/firmware, and network
ports and protocols.

Device Identification and | All systems must have unique hostnames and IP addresses prior to
Authentication connecting to PG&E's network to ensure the ability to identify
resources.

Table 3: Key Elements of Network and Cybersecurity Standards

Pursuant to PG&E’s Physical Security Program Standard, it was determined that the RCAM project was
not a North American Electric Reliability Corporation (NERC) classified site. Physical controls are still in
place with only PG&E having access to the networking equipment cabinet and the broader RCAM site
footprint being fenced in and secured by a lock with PG&E and RCEA each having access.

7.4 System Security Plan and Cybersecurity Risk Review

The System Security Plan (SSP) summarizes the process and results of PG&E’s Cybersecurity Risk
Review and documents all information necessary to make objective security and risk management
decisions regarding the operation of the asset at PG&E. This includes documenting the security
requirements and conditions necessary for RCAM to operate in PG&E’s production environment in
compliance with Cybersecurity policies and standards as well as Critical Infrastructure Protection (CIP)
and NERC standards.

The development of the SSP was led by the PG&E IT Solutions Analyst and reviewed a wide array of
risks.

1. The RCAM System Architecture & Design was reviewed to confirm it was in accordance with
CIP 02 and CIP 05 R1, and CIP 10R2. To ensure this, the SSP reviewed the RCAM Topology and
Dataflow diagrams as implemented in the field.

2. Interconnectivity Risks were also studied to evaluate what happens when you connect the
defined system architecture to PG&E’s Operational Data Network (ODN).

3. Data Flow Risks were evaluated to make sure the data is properly encrypted and appropriately

handled at endpoints. This included confirming the following were in accordance with the
relevant CIP standards:
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1) Ports, Protocols, and Services (CIP 07 R1.1) listing all ports that are used by RCAM system
components and the associated protocol and service it corresponds to including
origin/destination and why.

2) Firewall Exception Requests (CIP 05 R1.3)

4. The SSP also evaluated Vulnerabilities Associated with Onboarded Assets through an Asset
Inventory to document all physical and virtual assets associated with the system. A software
inventory was also performed to document and review all applications/software associated
with RCAM including Risk associated with the relay programming software.

5. Finally, there were a number of third-party vendors associated with this project. The SSP
evaluated Risks associated with Third Party Implementation through
1) AThird-Party Services Inventory which lists all third-party vendors that are being provided
information from, performing a service for, or have an interconnection with the system.
2) A Third-Party Services Review.

The Cybersecurity review identified several initial vulnerabilities on the assets prompting the
cybersecurity team to add additional controls. After these controls and remediation efforts, a final
vulnerability scan was done in January 2022 and no vulnerabilities were found on non-OT assets. The
System Security Plan was completed in February 2022 and the Cybersecurity team authorized the
Release to Operation (RTO) soon after.

7.5 IT Communication and Cybersecurity Key Takeaways Lessons Learned

There were four important key takeaways from the IT workstream:

1) Determine the communications network early in the design process and conduct a pre-
construction site walk to confirm viability of the proposed solution

2) Separating the PG&E and RCEA control cabinets simplified cyber security and improved
replicability

3) Firmware update process must be clear and defined in the Microgrid Operating
Agreement

4) The project needed additional IT resources and skill sets than estimated in the initial
scope to meet the project needs and timeline
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8 Operations Integration

To ensure the safe and reliable operation of RCAM at PG&E, it was essential that RCAM was integrated
into the normal PG&E processes and tools for Operators and field personnel. Additionally, full
documentation and training were required for all Operators and field personnel prior to allowing
RCAM to go into service as a community microgrid. The RCAM team engaged early and often with
different members of the Operations team to ensure that the systems, processes, and integrations
aligned with standard operating principals as much as possible. After RCAM was commissioned,
updates were made to the training and documentation to ensure lessons learned were transferred
appropriately to the managing teams. These operational lessons shaped the development of the
Microgrid Operating Agreement and actively informed the programmatic structure of PG&E’s
Community Microgrid Enablement Program (CMEP) and Microgrid Incentive Programs (MIP).
Development of the Operational Integration workstream centered around 3 major areas:

e Controls, Failsafes, and User Interface Development and Verification

e Process, Roles, and Responsibilities Development

e Documentation and Training

8.1 Controls, Failsafes, and User Interface Development and Verification

The development of a community microgrid is unique in that responsibilities are shared among two
parties: the utility and a third-party CMG Aggregator. The CMG Aggregator for RCAM was RCEA who
was the generation owner and operator, and the prime developer of the system. PG&E was
responsible for approving the designs and integrations to ensure the safe operation of the system and
alignment with existing utility procedures and processes, where applicable. With RCAM being the first
fully renewable community microgrid, there was significant care taken to ensure that the controls
proposed by the vendor met the operational needs of PG&E while still providing all the functions
required by the community.

For RCAM, there was a progression of three main documents that were reviewed and refined over
time to develop the control functions of the community microgrid in increasing detail. These
documents were:

e Concept of Operations (CONOPs)

e Functional Design Specification (FDS)

e Description of Operations (DOO)

8.1.1 Concept of Operations (CONOPs)

The CONOPs was the first document created by the Schatz Center with input from the generation
system operator, PG&E, and other stakeholders. This is the conceptual foundation of the community
microgrid control system, explaining how it is intended to work. Stakeholders were involved as early
as possible to ensure the control scheme met the needs of all the involved parties. While the CONOPs
does not need to specify specific hardware, programming, or protocols, it should describe the
conceptual logic of each function of the microgrid and interactions among devices. It should have
enough detail for a controls vendor to be able to understand the controls design and integrations with
the generator, wholesale markets, and the distribution utility, and develop a scope of work to
implement and test these controls. The CONOPs includes sequence diagrams to help visualize the
interactions of multiple devices for a particular operation or mode (Figure 20). Additionally, it includes
a preliminary description of operations for the utility to verify their perceived role in the operation of
the microgrid.
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MICROGRID
ISLANDING POINT
RELAY

DSO GSoO

GENERATOR MICROGRID GENERATION

BESS

PCC RELAY CONTROLLER CONTROLLER CONTROLLER

Metering and Status

Direct Dispatch

Determine Setpoint

Power Setpoint

BESS Dispatch

Figure 20: Typical Sequence Diagram in the CONOPs for Grid-Connected Market Participation

8.1.2 Functional Design Specification (FDS)

The FDS was then subsequently created by the controls vendor after stakeholders had agreed on the
control schemes and updated the CONOPs appropriately. The FDS was based on the CONOPs but had
specific implementation details including names of variables, specific hardware makes/models, control
points, programming methods, and communication protocols.

The FDS was carefully reviewed and iterated on by all stakeholders as it provided the blueprint for
exactly what the controls vendor would develop. Verification of the control functionality was done
through the testing processes described earlier.

8.1.2.1 Failsafe Analysis:

As part of the FDS there was also significant collaboration between the generation owner and the

utility on the failsafe states, not only for abnormal grid conditions, but for any issues with microgrid

hardware or communications. It required a detailed analysis of each scenario if any one piece of

hardware failed, or communications between any two pieces of hardware failed, to ensure that the

system would provide actionable alarms at the right priority level, and either continue operating or

safely disable the system. For each scenario the following 10 questions were answered to ensure the

programming, point lists, and redundancy within the microgrid system was developed appropriately:
1. Was PG&E protection (i.e., safety) impacted?

Was PG&E visibility impacted?

Was PG&E control impacted?

Could the BESS still support grid-connected operation?

Should the BESS be allowed to operate in grid-connected mode?

vk wnN
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6. Could the BESS still support islanding?

7. Should the BESS be allowed to island?

8. What is the failsafe state of the microgrid under this condition (i.e., Microgrid Disabled, Force
Generation Offline (Trip Generation Circuit Breaker), or Alarm Only)?

9. Does the generation need to be forced offline?

10. What is the alarm priority of this scenario?

Not all failsafe conditions required the microgrid to be disabled. A balance was necessary to ensure
that the system would be safe but still provide resilience for the customer under likely extreme
circumstances of wide-spread electrical and communication outages during large natural disasters.

8.1.3 Description of Operations (DOO)

Based on the information in the CONOPs and FDS, PG&E created a DOO which is primarily geared
toward the PG&E Operators and Engineers in the day-to-day operation of the community microgrid.
The DOO is simplified to focus on the need-to-know items for Operators of the system including a high-
level description of the different modes of the community microgrid, responses to abnormal
situations, instructions for operating under different scenarios, and information on how to respond to
various alarms. For completeness, PG&E also required RCEA to develop a Description of Operations
for their own operations which PG&E reviewed for conformity.

PG&E worked with Operators and Engineers to design specific Supervisory Control and Data
Acquisition (SCADA) user interface screens that would be used in the PG&E Distribution Control Center
to operate the microgrid. The display and priority of alarms through SCADA was also designed and
based on the information from the FDS. Various screen shots and instructions for how to operate the
system remotely via SCADA (Figure 21) were included for reference.

Figure 21: RCAM Main Overview SCADA Screen with Annotations from the DOO
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8.2 Process, Roles, and Responsibilities Development

The RCAM team met with multiple internal and external stakeholders to determine the roles and
responsibilities for the different portions of this new system. RCAM had two unique characteristics
that made the allocation of responsibility challenging:

e Interdependency of PG&E and RCEA for operations, control, and protection of the system
e Use of new hardware and protection schemes

The interdependency of PG&E and RCEA for operating the system was new for PG&E. PG&E needed to
maintain overall control of the system, but it was operating devices that were the responsibility of a
third-party. Being reliant on third-party equipment, particularly the customer generation breaker that
served as the main protective device for the PG&E circuit when islanded, was a significant shift in
normal operating practices. While PG&E did not design the system, it had the authority to approve
important aspects of the project that interfaced with or impacted the PG&E system. This included the
control design as discussed before in the CONOPs and FDS development, but also the particulars of the
protection design and settings. PG&E engineers helped develop and approve the protection settings
for the system, including the customer’s generation breaker as it served as the primary protection
device of RCAM when the system was islanded.

To ensure these responsibilities were properly documented, PG&E and RCEA developed a series of
documents formalizing the operational responsibilities between the RECA and PG&E. PG&E and RCEA
each created a Description of Operations for their respective equipment and a Jurisdictional
Boundaries Letter of Agreement was signed by both parties describing how the intersection of those
responsibilities would be managed. Specifically, this Jurisdictional Boundaries Letter of Agreement
highlighted that while PG&E has operational jurisdiction over the 12kV system, RCEA has
responsibilities to maintain their equipment and has jurisdiction over the dispatch of its generation
assets within the prescribed limits set by PG&E. This letter also describes the communications
required between the parties, access rules, and general operating procedures and protocols. These
three documents are combined to form the Operating Procedures and Protocols which is a key
Appendix to the Microgrid Operating Agreement.

The use of new hardware and protection schemes created internal challenges for PG&E regarding
standardization, asset ownership, and knowledge of the system. Because RCAM and other microgrids
rely on programmable devices, it does not fit nicely into the utility’s traditional systems for approval of
devices. For example, the same SEL Real-Time Automation Controller (RTAC) can act very differently
depending on how it’s programmed. Therefore, standardizing to a particular model of RTAC for
microgrids doesn’t necessarily accomplish the goal of having a standardized microgrid controller,
because logic within the RTAC can differ depending on the unique microgrid it is controlling. Similarly,
for the recloser controller (SEL-651R), it is programmed in a particular way to be integrated with the
community microgrid. So, although the PG&E Standards team has approved the SEL-651R for use on
PG&E’s distribution system, they only approved it as a templated recloser controller, and were not
well positioned to take initial ownership of the RCAM islanding recloser relay, because it was
programmed differently than the PG&E standard recloser setup.

The protection scheme was also unique in that it relied on both utility and third-party devices for

protection of the system. While grid-connected, PG&E’s SEL-651R could island the system, but it also
got direct inputs from the third-party BESS system to potentially identify islanding events faster than
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the protection settings in the SEL-651R. In addition, while islanded, PG&E was entirely relying on the
third-party generation breaker to protect the microgrid and the attached PG&E equipment. Therefore,
PG&E oversight was needed to ensure the third-party set these devices correctly, and that there was a
prescribed maintenance plan to ensure these devices would continue to operate effectively even
though they would not fall under PG&E’s normal maintenance and asset management practices.

8.3 Documentation and Training

There were two main sets of internal PG&E documentation for the operation of RCAM,
Operator/Engineer centric documentation and those focused on Field Personnel. These documents
and training were also updated post commissioning, incorporating the lessons learned from actual
field experience.

8.3.1 Operator / Engineer Documentation

The Operator / Engineer focused documentation was primarily based on the DOO described above and
published on PG&E’s internal Technical Information Library. There were multiple stakeholders
involved in the development of this documentation across the PG&E business and with the microgrid
developer. The documents were composed and refined over the course of the project and updated
appropriately based on the lessons learned from field experience. It was packaged into a single
procedure that included:

RCAM Operating Procedures

RCAM Description of Operations

Single Line Diagrams and Device Descriptions
Alarm Descriptions and Responses

Quick Reference Guide
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In-person and web-based training was also developed and used to train PG&E Operators and Engineers
based on the RCAM documentation. Operations required that all documentation and training was
complete prior to allowing RCAM to go live in the field to ensure proper operation and safety of the
microgrid. A guiding principle of RCAM was to try and reduce the impact to normal Operations as
much as possible. This was made evident through the amount of automation, failsafes, and seamless
transitions provided in the final product.

PG&E also worked with RCEA and local agencies to create an Emergency Response Plan in the event of
fire or other emergency at the generation site. This provided information regarding emergency
contacts, emergency response procedures, site hazards, site layout, site equipment, and site access.

8.3.2 Field Personnel Documentation

The Field Personnel documentation and training was mainly centered on the new PG&E recloser relay
used for the microgrid islanding point, the SEL-651R. The faceplate and logic were modified from the
standard relay setup for PG&E to implement the requirements of the microgrid. This was also the first
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installation of this relay in the field. Therefore, significant documentation was necessary for field
personnel to be able to program, maintain, and operate the equipment safely and knowledgeably.

Seventeen separate job aids were created to ensure sufficient documentation was available for field
personnel to operate the RCAM recloser and relay package under different field scenarios. These job
aids are posted to PG&E’s internal Technical Information Library.

8.4 Operations Integration Key Takeaways

PG&E successfully integrated RCAM into PG&E’s operational ecosystem both in terms of technology
and process. Being the first community microgrid in PG&E’s service territory, the overall development
spanned multiple years of collaboration between RCEA, the Schatz Center, and multiple PG&E internal
teams. To shorten this development period for future community microgrids, PG&E is working to
standardize as much as possible, as well as providing information upfront to customers via the
Community Microgrid Technical Best Practices Guide to steer their development based on the
learnings from RCAM.

The following are some of the key takeaways from the Operations integration experience:

e Community microgrids create a unique sharing of responsibilities between the owner and the
utility that must be fully documented and trained on prior to operation.

e Control logic and architectures for community microgrids are still relatively bespoke and
require significant review and collaboration at this stage in the maturity of the technology.

e Failsafe development with the Operations and Protection teams was a fundamental step to
ensure system safety under various abnormal conditions.

e RCAM was designed to require minimal interaction with PG&E Operations for normal
operation and transition events while still providing Operations with visibility of the system
and overriding control of the system if needed.

e Early engagement with Operations and Field Personnel helped ensure better integrations with
PG&E processes and technology.
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9 Field Experience

RCAM has been in service for over 2 years and has supported the community through a large
earthquake and several significant winter storms®, RCAM has proven to be a valuable asset for the
community, providing over 43 hours of additional resilience in just the first 12 months of operation in
response to 7 unplanned outages. However, although RCAM went through extensive lab testing both
by the vendor and by PG&E, there were still some challenges in the field that required updates to the
controls and operational procedures and PG&E continues to work closely with RCEA to improve the
performance of the system over time.

9.1 RCAM Field Performance Overview

RCAM was released into service on May 26, 2022, with a public go-live event on June 22, 2022. Figure
22 shows a summary of RCAM operations from June 2022 until August 2024. The summary not only
shows the benefits that RCAM provided, but also highlights some of the issues with RCAM
performance, and islanding events not due to outages on the grid (i.e., nuisance events).

RCAM Summary for 6/1/2022-8/1/2024
Total Outage / Voltage Events: 12
Islanded Time for Outage / Voltage Events (HH:MM): 51:51
Additional Outages due to RCAM Issues (HH:MM): 2:20
Total Nuisance Events: 36
Islanded Time for Non-Outage Events (HH:MM): 8:54

Figure 22: RCAM Performance Summary

In green is the total amount of time RCAM needed to island for an outage or abnormal voltage event.
RCAM was able to provide almost 52 hours of additional resilience over 12 events for customers within
the microgrid, including the Coast Guard and airport. Triggering events included outages due to the
large earthquake in the Humboldt area and severe winter storms.

In red is the total amount of time RCAM customers experienced an outage not due to a PG&E event,
but due to issues with the microgrid. There were 8 events that led to outages for RCAM customers,
with 3 lasting just 11-15 seconds for a break-before-make transition to occur, and 5 lasting between 6
minutes to around an hour. While these events were initially triggered by small transient events on the
system, the failure to seamlessly or black-start transitions to an islanded state was found to be a
combination of firmware issues and the mis-coordination of various timers used for failsafe conditions.
RCEA has resolved the firmware issue and is in the process of updating the timer settings.

The gray section of the table provides the total amount of nuisance islands experienced by RCAM.
RCAM experienced multiple “nuisance” islands, where a transient event on the grid was not large
enough to cause an outage but was enough for the microgrid to detect a disturbance and try to island.
In general, because the system is designed to have seamless transitions, most of the nuisance events

33 Clean Energy Microgrid Keeps Arcata Airport and U.S. Coast Guard Station Powered Following Humboldt Quake
and Winter Storms - PGE Currents
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are inconsequential to the microgrid customers. However, these 36 nuisance events also include the 8
described above that led to outages for RCAM customers shown in the red section of the table.

9.2 RCAM Challenges in the Field

9.2.1 DC-Coupled Solar and Storage Issues

RCAM had initial issues with the DC-DC converters for the DC-coupled PV and battery system. These
continuous issues were due to a design flaw inside the DC-DC converters which created repeated
ground faults and resulted in RCEA needing to replace all the DC-DC converters equipment over the
course of multiple months. This severely limited the amount of PV available and created issues with
providing solar support for the BESS charging, especially during long duration outage events. When
the 6.4 Magnitude earthquake hit at 2:34 AM on December 20, 2022, the state of charge (SoC) of the
BESS was only at 34% because RCEA had just completed a market dispatch (Figure 23).

Figure 23: RCAM BESS State of Charge at Time of Earthquake and Beginning of Island

Even at that low state of charge, the island was supported by the BESS for almost 15 hours, with
almost no contribution from the solar system because of the DC-DC converter issue. Unfortunately,
without the PV support, after 15 hours, the battery reached its minimum allowed state of charge (5%)
(Figure 24) and needed to disable the microgrid, causing customers within the microgrid to lose power
until PG&E was able to restore power to the area about an hour later. The earthquake outage also
provided lessons learned for RCEA regarding their procedures for charging manually during
emergencies to ensure the BESS can charge more quickly following a significant islanding event in the
future.
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Figure 24: RCAM BESS State of Charge Reduced to Minimum of 5% to Support Island without PV Support

To compensate for the lack of solar generation, RCEA raised their minimum state of charge for market
dispatches from the default of 25% in advance of known potential outage conditions, particularly the
winter storms. These changes plus the replacement of some of the DC-DC converters allowed RCAM
to then ride-through all the remaining outages it experienced, including a 16-hour storm related
outage on 2/23/23 where solar was able to contribute to the SoC during the outage (Figure 25).

Figure 25: RCEA Raises SoC in Anticipation of Storm Events and DC-DC Converter Fixes Allow PV to Provide Support During
Outages

In addition to the DC-DC converter issue, there were also issues with the frequency shift algorithm
used by the DC-coupled system. This led to a very high BESS state of charge during an islanded
condition because the solar contribution was not being adequately controlled. In cases of very high
BESS state of charge, the vendor had implemented a frequency shift algorithm to raise the frequency
to 63Hz to trip any connected generation through that generation’s local frequency trip settings, a
requirement of interconnection. However, this was not coordinated with frequency protection
settings of the microgrid and resulted in the island being de-energized as it exceeded the protection
limits for more than 2 seconds. This was later resolved by coordinating the frequency-shift algorithm
settings with the existing protection settings, as well as resolving the issues with the DC-coupled solar
system.
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9.2.2 Charge and Discharge Limit Sensitivity

The initial charge/discharge limits for RCAM were based on the results of the interconnection study for
the site and are codified within the Small Generator Interconnection Agreement of the generation
owner. The full 2.3 MW system could not safely be interconnected without limits due to generation
and load capacity constraints on the line feeding the system. Any upgrades to the PG&E facilities to
supply the full rating of the generation system would have been borne by the customer. As a result of
the large expense needed for upgrades, RCEA opted for a constrained interconnection. The initial
constraints were 1,480 kW for charging and 1,778 kW for discharging.

There are two levels of protection to ensure the BESS does not exceed its given limits. The first is soft
control via communications to PG&E’s Distribution Control Center where PG&E Operators can change
the settings via their Supervisory Control and Data Acquisition (SCADA) system that causes the RCEA
generation controller to only send setpoints to the BESS that are within the limits set by PG&E. The
second is a physical control on site within the RCAM SEL 700GT+ relay settings.

The BESS at RCAM normally participates in the wholesale market via CAISO. RCEA found that although
the dispatches were set to the maximum settings (1,480 kW / 1,778 kW) the BESS would actually
slightly overshoot those values for over 2 seconds when set to dispatch to those levels. This in turn
caused the generation circuit breaker to open, thus disconnecting the generator from the system.
RCEA analyzed the events and asked PG&E to change the default soft control settings to allow a buffer
for the known overshoot so as not to create nuisance trips for their generation circuit breaker. PG&E
updated the settings and related Operator training documentation to accommodate the change to
1,450 kW charging and 1,750 kW discharging.

Although the system had gone through limited testing in the PG&E lab, there was no certification of
the output control based on standards like the upcoming UL 3141 and Power Control Systems (PCS). In
RCAM'’s case, there was redundancy via the required protection settings in the customer breaker, but
for sites without this type of physical redundancy, this finding further supports the value of PCS type
certification of equipment required to perform strict control limits for constrained interconnections.

9.3 Managing Abnormal Switching in Operations

In order to ensure the safe operation of RCAM with PG&E’s Operations team, formal documentation
was developed, and training was conducted prior to allowing RCAM to energize as a microgrid. In
addition, PG&E Operators were provided with RCEA’s 24/7 operational contact information so
Operators can coordinate any updates or actions required.

As part of this training and documentation, certain sections describe the process for abnormal
switching conditions that may require RCAM to be curtailed beyond the initial charge/discharge limits

established during the interconnection process and delineated in the interconnection agreement.

Guidelines to manage and analyze the impact of planned or unplanned work are provided with
instructions to notify RCEA in advance of any planned shutdowns or curtailments, if possible.
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PG&E engineers have also identified known alternate grid configurations impacting RCAM including
when the Humboldt Bay Transmission Source is islanded during emergency conditions34. PG&E’s
current policy prohibits large generating facilities (>1MW nameplate) from discharging into the
Humboldt Bay Regional Island. The 1MW curtailment threshold considers the capacity of the PG&E
Grid Operations team to manage complex curtailment calculations and rules during emergency
conditions.

The strict limit on generation is enforced to maintain stability of the Humboldt Bay Regional Island.
PG&E sought to leverage the BESS’s unique capabilities for visibility and constraint controls to allow for
more operational flexibility of the BESS during this type of emergency grid configuration. PG&E
performed a study and considered modified import/export settings that varied based on time of day,
ensuring exports were limited during non-peak periods. However, operationalizing this proposal was
infeasible due to the added manual complexity to monitor and manage constraints by the Grid
Operations Team which would have detracted from their primary responsibilities when responding to
the emergency events that created the abnormal grid configuration.

The RCAM system has not been proven out as a model for scaling curtailment controls to large
numbers of DER customers. The process for coordinating with RCEA and the BESS is still very manual
in terms of needing to apply specific settings for each abnormal condition, creating the proper switch
logs, having engineering review of planned work, and anticipating the curtailment limits required.
Advanced Distribution Management System (ADMS) and Distributed Energy Resources Management
System (DERMS) functionality is required to be built out and verified before a more scaled approach
can take hold. Moreover, the 24/7 support PG&E required of RCEA could be difficult to scale but is
important in ensuring the proper operation of these new systems.

9.3.1 Field Experience Changing Charge and Discharge Limits

There was a total of 12 unplanned and planned events since RCAM became operational that required
PG&E Operators to modify the charge and/or discharge limits. For these events, PG&E was able to
coordinate with RCEA and remotely update the limits appropriately using the PG&E SCADA system. If
there were any issues via SCADA, PG&E would work with the local RCEA staff to update the limits. For
example, during the first event on 8/8/22 there were issues changing the limit from the PG&E SCADA
Screens. PG&E Operators worked with the 24/7 RCEA support staff to update the settings locally and
uncovered a gap in the process. Operator training and documentation were updated accordingly.

In addition to changing the limits, PG&E also worked with RCEA on two occasions to support load
during abnormal situations by requesting RCAM to discharge during certain hours while work was

being performed on the PG&E system.

A summary of the limit changes is below for reference.

34 PG&E Corporation - Humboldt Bay Generating Station Ready to Serve as a Direct Local Power Source During
Emergencies, Reducing Impact of PSPS Events (pgecorp.com)
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# | Date Duration (H:M) | Limit Change Summary
1 8/8/22 5:13 Charge Limit An unplanned transmission event created
Reduced to 0 outages for neighboring substations. Asked
RCEA to reduce charging to 0 to be able to
pick up additional load.
2 10/11/22 11:23 Charge and Planned work to replace a recloser on the
Discharge Limits Janes Creek circuit required RCEA to limit
Reduced to O charging and discharging.
3 11/10/22 208:41 Charge Limit Planned work for the substation needed
Reduced to O abnormal switching, which required RCEA to
limit charging.
4 |11/21/22 13:10 Charge Limit Planned work for the substation needed
Reduced to O abnormal switching, which required RCEA to
limit charging.
5 1/1/23 8:24 Charge and Unplanned event where a car hit a PG&E pole
Discharge Limits on the RCAM Janes Creek circuit, requiring
Reduced to 0 switching to do repairs.
6 4/19/23 2:43 Charge Limit Planned work for the substation needed
Reduced to 0 abnormal switching, which required RCEA to
limit charging.
7 7/11/23 4:34 Charge and Clearance on Janes Creek 1103 to replace a
Discharge Limits pole.
Reduced to O
8 7/17/23 50:05 Charge Limit Equipment issues at RCAM required changing
Reduced to 0 the limits while being fixed.
9 11/5/23 13:36 Charge Limit Offloading an adjacent substation required
Reduced to 0 RCEA to limit charging and requested a
discharge to support the work.
10 | 11/7/23 0:04 Charge Limit Test of Limit Change
Reducedto 0
1 3/1/24 91:14 Charge Limit In response to Humboldt Bay Transmission
Reduced to O Islanding activities.
12 | 5/8/24 9:26 Charge Limit Line work replacing a switch and pole

Reduced to 0

required RCEA to limit charging and
requested a discharge to support the work.

Figure 26: Summary of Limit Change Events
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In addition to the approximately 418 hours of limit changes from the PG&E Distribution Operations
team, there were also curtailments or non-dispatches done via CAISO for events on the Transmission
system, specifically related to the Humboldt Bay Transmission Island. PG&E does not have direct
information regarding CAISO related curtailments and durations, but Transmission related events can
have a significant effect on the operations for RCAM as discussed above.

9.4 Field Experience Key Takeaways

As the first 100% renewable multi-customer microgrid in PG&E’s territory, RCAM required significant
development and testing prior to going live in the field. Introducing new hardware, controls, user
interfaces, and processes to PG&E while ensuring the safety of the systems was a significant
accomplishment. While it is impractical to test every possible permutation of events that may be seen
in the field, the work done by PG&E, RCEA, and the vendors regarding testing, protection, and
incorporated failsafes did ensure that under the various unexpected conditions that were experienced
in the field the system always maintained a safe operating condition. PG&E and the customer were
successfully able to quickly address new challenges in the field via the commissioning process and
post-commissioning support.

While RCAM is designed to be mostly automated, the 24/7 support provided by RCEA, and their
agents, was instrumental in coordination and troubleshooting of the system to ensure any planned or
unplanned events were properly administered. The operational coordination process for the BESS is
still very manual, particularly for the setting of constraints during abnormal switching scenarios, and
would be difficult to scale until new and more automated tools like ADMS and DERMS are available for
PG&E Operators.

The following summarizes the key takeaways from RCAM'’s field experience thus far:

e RCAM was able to safely provide valuable resiliency to the community through an earthquake
and multiple significant storms.

e Robust failsafe development and PG&E lab testing was successful in ensuring safety under
unexpected conditions found in the field.

e The 24/7 support provided by RCEA, and their agents, was instrumental in coordination and
troubleshooting of the system to ensure limits were properly administered.

e PG&E and the customer were successfully able to quickly address new challenges in the field
via the commissioning process and post-commissioning support.

e Supporting seamless transitions introduces a bias to transitioning very quickly which can
increase the number of “nuisance” islands.

o The operational coordination process for the BESS is still very manual and would be difficult to
scale until new and more automated tools like ADMS and DERMS are available for PG&E
Operators.

e Based on the issues seen with potential overshoot, it is recommended the systems using
constraints be certified to upcoming UL 3141 as applicable or a similar PCS standard to avoid
potential issues with compliance or protection when no other physical assurance is in place
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10 Value proposition

The purpose of EPIC funding is to support investments in technology demonstration and deployment
projects that benefit the electricity customers of PG&E, San Diego Gas and Electric (SDG&E), and
Southern California Edison (SCE). EPIC Project 3.11 — RCAM has demonstrated that PG&E and third
parties can work together to create a new paradigm in multi-customer microgrids that provide
communities safe, clean, and reliable power to support reliability and resiliency for communities.
This work has not only resulted in California’s first 100% renewable multi-customer microgrid at
RCAM, but it has set up the framework for future microgrids through the pioneering work of CMEP,
CMET, and MIP.

10.1 Primary Principles

The primary principles of EPIC are to invest in technologies and approaches that provide benefits to
electric ratepayers by promoting greater reliability, lower costs, and increased safety. This EPIC
project contributes to these primary principles in the following ways:

Greater reliability: RCAM is a model for the development of community microgrids to provide
higher reliability and resiliency to communities to support critical infrastructure during grid
outages.

Lower costs: RCAM provided a model for future community microgrids in California with
project documentation, processes, and lessons learned that will be used to reduce the costs of
future community microgrids through standardization and implementation of best practices.

Increased safety: Not only did RCAM provide reliable power to critical facilities in the
Humboldt region through earthquakes and storms, the failsafes developed through the RCAM
project allowed safe operation of the community microgrid even under unexpected conditions
in the field. These same failsafe principles will be used in future community microgrids to
ensure the safety of these new systems.

EPIC also has a set of complementary secondary principles. This EPIC project contributes to the
following secondary principles: societal benefits, greenhouse gas (GHG) emissions reduction, the
loading order, economic development, and efficient use of ratepayer funds.

Societal benefits: RCAM provides a model for how communities can partner with utilities to
deliver reliable and resilient power during larger grid outages to support critical infrastructure
in those communities.

Greenhouse gas (GHG) emissions reduction: RCAM was able to prove out the ability to create a
100% renewable microgrid with no fossil-fuel redundancy, aside from three pre-existing diesel
generators, which are now relegated to deep-backup duty. It not only provides resiliency
during outages but provides clean and renewable power for RCEA and the Humboldt area
during normal operation.

The loading order: As stated earlier, RCAM provides 100% clean and renewable energy for the
area.
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e Economic development: RCAM provide reliability to an economic hub of the area in the terms
of the regional airport. Additionally, the programs inspired through the work at RCAM in
terms of CMEP, CMET, and MIP are providing a path for potentially funding economic
development through reliable and resilient power for tribal and disadvantaged communities
that are particularly affected by these types of disruptions.

e Efficient use of ratepayer funds: Through the RCAM project PG&E set the stage for enabling
more standardized community microgrids and programs state-wide.

10.2 Benefits Quantification

RCAM had significant impact on the development of microgrid programs such as CMEP and MIP. The
most straightforward customer benefit to calculate, and the only one which will be attempted in this
benefits analysis, is quantifying the reduction in customer minutes of interruption and the resulting
decrease in economic impact. This is a future-looking (prospective) benefits calculation, so reasonable
projections and assumptions from subject matter experts are used. What follows are the assumptions
and calculation methodology used to determine the benefits attributable to the EPIC 3.11 project.

CMEP and MIP microgrid projects are currently being awarded in early 2025 from the first MIP
application tranche. PG&E anticipates holding at least 2 additional tranches or as many tranches are
needed until the full $79.2M allotted to this program as disseminated. It is assumed that these
microgrids will take 3-5 years to become operational, which would make the first tranche of CMEP and
MIP microgrids operational starting in 2027-2029. Starting at this time, it is estimated that 1-2
microgrids per year (average of 1.5 per year) will be connected to the PG&E system and start providing
benefits to customers in the form of increased electric reliability.

Based on the CMEP applications PG&E received, it is clear that the number of customers on a
microgrid can vary significantly. When looking at the 22 applicants who applied to MIP in the first
application tranche (minus three exceptionally large projects that were outliers), those microgrids on
average served 121 customers per microgrid. Of the 9 projects that are likely to be awarded from the
first application tranche (minus the three exceptionally large projects that were outliers), 17.9% of the
customers identified in the microgrids are commercial customers while the remaining 82.1% are
assumed to be residential customers. The estimated annual number of customers added to microgrids
is described by these equations:

. . microgrids customers
# non-residential customers/year = # X #— — X 9% non-res customers
year microgrid
. . microgrids customers
# non-residential customers/year = 1.5 X 121 —; — X 179%
year microgrid

# non-residential customers/year= 32 non-residential customers/year

. . microgrids customers
# residential customers/year = # X #— — X 9% res customers
year microgrid
. . microgrids customers
# residential customers/year = 1.5 X 121 —; — X 82.1%
year microgrid

# residential customers/year = 149 residential customers/year
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It is estimated that 32 non-residential and 149 residential customers per year will benefit from the
increased reliability of microgrids enabled by this project.

These values were used with the Interruption Cost Estimate (ICE) Calculator tool which was developed
by Lawrence Berkeley National Laboratory (LBNL) to estimate the value of interruption costs. The ICE
calculator needs reliability data in the form of System Average Interruption Frequency Index (SAIFI),
System Average Interruption Duration Index (SAIDI), or Customer Average Interruption Duration Index
(CAIDI). One of the MIP and CMEP requirements is for applicants to be “prone to outages”. This could
mean the microgrid area is located in (a) a Tier 2 or 3 High Fire-Threat District, (b) area that
experienced prior PSPS outage(s), (c) elevated earthquake risk zone, (d) locations with lower historical
reliability, or (e) local or tribal government leadership may justify other forms of vulnerability.
Locations with lower historical reliability is defined as the top 1% Worst Performing Circuits (excluding
Major Event Days), as shown in the annual Electric Reliability Report, either in the AIDI or AlFI
category. For the purpose of using AIFl and AIDI values with the ICE Calculator, PG&E used the Electric
Reliability Report for 3 of the 9 microgrid projects that are on a 1% worst performing circuit (i.e.,
Hoopa 1101 circuit) and likely to be awarded from Tranche 1. In 2023, the Hoopa 1101 circuit had an
AIFl of 5.6 and an AIDI of 2,447. Note that the other 6 projects likely to proceed with funding in
Tranche 1 are not on a worst performing circuit and PG&E did not have reliable AIDI and AlFI values to

use. This means the outage estimates used as part of this benefit assessment are likely overestimated
since PG&E is applying values for the microgrids with the highest AIDI and AlFI values. Nevertheless,
using the Hoopa 1101 AIDI and AlFI values, the ICE Calculator returned the cost of interruption to be
$1,663,486 per year. This value will be further modified below with discount factors.

A discount factor is needed to account for outages which cannot be mitigated by the microgrid. It is
estimated that a microgrid can avoid 62% of total outages based on a historical analysis of outage
types for CMEP and MIP applications. This value was based on reviewing all 22 projects that applied to
MIP in Tranche 1 and averaging the number of outages the project with the most potential uptime
(i.e., 100%) and the worst potential uptime (i.e., 25%) using 5 years of historical data.

Additionally, since this project was a partnership among many entities, EPIC funding and the EPIC
program cannot claim all the credit, so a benefits attribution of 50% is used to account for non-EPIC
contributions. Because attribution is a subjective and difficult-to-quantify metric, and it is hard to
justify a precise value, so the attribution value is purposely made in increments of 25%.

The final step is to apply the discount factors to the result from the ICE calculator to find the final
estimated benefits:

$
EPIC 3.11 benefits = ICE calc savings Jear X EPIC attribution % X microgrid uptime %

$
EPIC 3.11 benefits = 1,663,486 —— X 50 % X 62 %
year

EPIC 3.11 benefits = 515,681
year

The result is a total estimated customer benefit of $515,681 per year, which should be realized starting
in 2027-2029 when the first CMEP and MIP microgrids become active. Once deployed, microgrids will
continue to provide benefits for 10 years, which is assumed to be a conservative expected useful life
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for the microgrid. Every year, as more microgrids become operational, the annual benefits rate will
increase with the number of microgrids until year 10 where there will be 15 operational microgrids. At
this point it is assumed that an equal number of microgrids come online as go offline due to the
expected end of life. This will result in a steady state of annual estimated benefits of $5,156,807 per
year starting around year 10 (2037-2039). It is important to note that the benefits of the projects must
be weighed against the total cost to build the projects. While the cost of the MIP projects are subject
to non-disclosure agreements and are therefore confidential, PG&E does note that the costs are many
times the benefits estimated here.

10.3 Key Accomplishments

RCAM was a seminal project in the deployment of community microgrids in California. It not only
provided a blueprint for technical implementations of community microgrids but also laid the
groundwork for the Community Microgrid Enablement Tariff (CMET), the corresponding Community
Microgrid Enablement Program (CMEP), and the Microgrid Incentive Program (MIP) which will provide
$200M statewide for Community Microgrid development. The following summarize some of the key
accomplishments of the project over its duration:

e Established California’s first 100% renewable community microgrid

e Provided over 51 hours of islanded energy during emergency events to support critical
infrastructure in the region through 12 grid events including a 6.4 earthquake and multiple
atmospheric river conditions.

e Provided seamless transitions between grid-connected and islanded operation to not impact
customers during outages.

e PG&E, the Schatz Center, and vendor partners developed a novel microgrid design
implementation that shared control between PG&E with primary oversight of the system, and
RCEA with control over the generation assets.

e PG&E’s ATS department developed a state-of-the-art Microgrid Testbed using Real-Time
Digital Simulation (RTDS) testing and Power-Hardware-in-Loop (PHIL) testing which identified
multiple issues that were then resolved to enable proper operation of the microgrid under
various abnormal conditions prior to field deployment.

e PG&E developed and installed new distribution equipment necessary to island the microgrid in
coordination with RCEA’s microgrid equipment.

e The testing by ATS informed the novel Microgrid Islanding Study (MIS), a valuable output of
the EPIC 3.11 project for future Community Microgrids.

e PG&E developed, and the California Public Utilities Commission (CPUC) approved, CMET,
CMEP, and MIP to support statewide Community Microgrid efforts.

e PG&E developed the Microgrid Operating Agreement (MOA) under which RCAM and its
successor Community Microgrids will operate, and established roles within PG&E to support
the development lifecycle of Community Microgrids.

e PG&E developed an industry first formalized study process dedicated to the evaluation and
operational performance of Community Microgrids in the MIS.

e Lessons learned from deploying RCAM were published in the Community Microgrid Technical
Best Practices Guide.
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10.4 Key Recommendations

The following provides a summary of PG&E’s key takeaways and recommendations in deploying RCAM
in both the policy and technical fields.

e Policy Takeaway 1: Independent evaluation of Community Microgrid operational modes
streamlines the implementation of new processes and tariffs.

0 Preserve the grid-connected interconnection rules and processes to the greatest
extent possible. Programmatic components such as the CMET and the MOA must be
consistent with existent rules and processes.

0 Establish an independent MIS process to evaluate the novel technical and operational
elements of community microgrids separate from the established study for generation
grid-connected operational modes.

e Policy Takeaway 2: Establish clear roles and responsibilities

0 When updating tariffs or agreements, ensure the roles and responsibilities are
unambiguous and, to the greatest extent possible, consistent with the typical roles and
responsibilities established under the interconnection agreements.

0 Maintain a “clear bright line” in terms of community microgrid ownership and control

0 Try to have a single third-party countersigner (e.g., the CCA) to all agreements with the
utility to ensure continuity and clarity of responsibilities.

e Policy Takeaway 3: Preserve energy settlements during island mode.

0 Use prevailing CAISO market settlement mechanisms even when community
microgrids are islanded.

0 Maintain CAISO’s current energy settlement policy.

e Technical Takeaway 1: Standardization is critical to scaling.

0 ATS testing identified and troubleshot multiple issues that needed to be resolved,
highlighting the nascency of the market, and the need for more standardized
processes.

0 Standards should be developed for microgrid controllers, grid-forming inverter
requirements, control logic and testing, and operational protocols and procedures.

0 Additional research is required to develop standards around microgrid configurations
not studied under EPIC 3.11.

0 Until better standardization, certifications, and testing protocols are implemented,
utilities will have to take a significant role in testing and verifying that Community
Microgrid products function as intended.

e Technical Takeaway 2: Experienced Project Partners Matter.

0 Future projects should emphasize the importance of skilled and experienced microgrid
developers and control integrators, and operational support capabilities.

e Technical Takeaway 3: There is a tradeoff between seamless transitions and nuisance
islands.

0 Considerations should be made to optimize protection settings and control schemes to
prevent unneeded impacts to customers. This will become more important for mid-
feeder microgrids, where the transitions of the microgrid can also affect non-microgrid
customers.
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11 Technology Transfer Plan

A primary benefit of the EPIC program is the technology and knowledge sharing that occurs both
internally within PG&E, and across the other I0Us, the CEC, and the industry. In order to facilitate this
knowledge sharing, PG&E will share the results of this project on its public web site
(www.pge.com/epic) and in public workshops as applicable.

Specifically, below is information sharing forums where the results and lessons learned from this EPIC
project were presented:

e Distributech 2020 1/29/20

e Grid FWD 2020 10/9/20

e EPIC Virtual Symposium 10/20/20

e EPRI Conference 10/21/20

e EPRI Advisory and Sector Council Meeting 2/23/21

e UC Berkeley Energy Resources Collaborative (BERC) Conference 9/11/21
e Distributech 2022 5/25/22

e EPRI Field Engineering Interest Group 7/13/22

e CPUCATS RCAM Tour 4/29/22

e  Microgrid Conference 5/16/23

11.1 Adaptability to other Utilities and Industry

As a result of the EPIC 3.11 project, there were three notable documents that support the technology
transfer of the lessons learned from this project that are available to the industry:

e The Microgrid Islanding Study
e The Microgrid Technical Best Practices Guide
e The Community Resilience Guide

These documents are designed to inform both technical and non-technical audiences on the
performance requirements and expectations of a Community Microgrid. In addition to these core
documents, PG&E formed an internal Microgrid Technical Working Group to investigate the many
outstanding technical challenges with microgrids as well as update the technical documentation as
necessary.

11.1.1 The Microgrid Islanding Study

The Microgrid Islanding Study (MIS) is the key technical study required to implement Community
Microgrids onto PG&E’s system as described in Section 4.1.2. The MIS is a first-of-its kind industry
study which was formalized pursuant to the core EPIC 3.11 goal of developing a scalable and replicable
model. The MIS has four major elements as shown in Figure 27.
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Figure 27: Major Elements of the Microgrid Islanding Study

The MIS focuses only on islanded mode and is the counterpart to the interconnection studies such as
the System Impact Study and Facility Studies required during the interconnection process for Grid-
Connected operation. When reviewed in conjunction with the Independent Study Process, PG&E
engineers will have a complete technical picture of the Community Microgrid in all operational states.
A high-level graphical representation of study chapters and elements within the MIS is shown in Figure
28.
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Figure 28: Microgrid Islanding Study Process Overview

11.1.2 The Community Microgrid Technical Best Practices Guide

The first public document is the Community Microgrid Technical Best Practices Guide®. The purpose of
the Community Microgrid Technical Best Practices Guide is to provide information to help
development teams understand the key technical concepts and approved means and methods for
deploying multi-customer Community Microgrids on PG&E’s electric distribution grid. The content is
geared towards practicing professionals with some experience implementing renewable energy
projects, and the intent is to use language to make the content accessible to a relatively broad
audience.

The Technical Best Practices Guide covers the following topics:
Microgrid Reference Architectures
Microgrid Operational Modes
Transitions
Sizing Grid-Forming Generators
Interconnection Processes
Controls Development
Network Communications and Cybersecurity
Electrical Design
Construction
Pre-Commissioning
Commissioning
Operating the Microgrid
. Change Management

3T AT T S@ 000 T

35Community Microgrid Technical Best Practices Guide (pge.com)
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While this document is constantly maturing, the intent of this guide is to develop into an analogue of
the Distribution Interconnection Handbook for Community Microgrids which developers use to design
Community Microgrids against PG&E standards and good utility practice. As more Community
Microgrids are deployed on the PG&E system and the state-of-the-art matures, this guide will be
updated to reflect new information, opportunities, and requirements.

11.2 Data Access

Upon request, PG&E will provide access to data collected that is consistent with the CPUC's data
access requirements for EPIC data and results.

12 Metrics

The following metrics were identified for this project and included in PG&E’s EPIC Annual Report as
potential metrics to measure project benefits at full scale.3® Given the proof of concept nature of this
EPIC project, these metrics are forward looking.

D.13-11-025, Attachment 4. List of Proposed Metrics and Potential Areas of

Reference

Measurement (as applicable to a specific project or investment area)
5. Safety, Power Quality, and Reliability (Equipment, Electricity System)

a. Outage number, frequency and duration reductions Section 0

d. Public safety improvement and hazard exposure reduction Section 0

9. Adoption of EPIC technology, strategy, and research data/results by others

a. Description/documentation of projects that progress deployment, such as Commission
approval of utility proposals for widespread deployment or technologies included in Section 4

adopted building standards

36 2020 PG&E EPIC Annual Report. March 1, 2021. Pacific Gas and Electric Company Electric Program Investment
Charge (EPIC) 2020 Annual Report (pge.com)
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13 Conclusion

The Redwood Coast Airport Microgrid (RCAM) introduced a new class of microgrids called “Community
Microgrids” to the state of California. These Community Microgrids leverage third-party owned
generation and utility distribution grid infrastructure to keep critical community facilities energized
during broader grid outages. RCAM also holds the distinction of being California’s first 100% renewable
multi-customer microgrid. This project is the culmination of five years of research and innovation
across a dozen PG&E teams and in close partnership with Schatz Energy Research Center at Cal-Poly
Humboldt and the Redwood Coast Energy Authority. The project was funded through a California
Energy Commission EPIC grant to the Schatz Energy Center and loan from the United States
Department of Agriculture, Rural Utility Service to the Redwood Coast Energy Authority, in
collaboration with PG&E’s EPIC 3.11 RCAM Project. PG&E’s budget for the project was $3.1MM while
the total project budget for all project partners was around S15MM.

The RCAM project features a 2.3MW hybrid Battery and PV generator providing energy resilience for
Humboldt County’s geographically isolated regional airport and neighboring U.S. Coast Guard Air
Station which maintains search and rescue missions for 250 miles of remote, rugged coastline. In its
first twelve months of operation, RCAM has already responded to 12 grid events including a 6.4
earthquake and a parade of atmospheric rivers — automatically and seamlessly islanding without
human intervention. To date, RCAM has provided over 51 hours of incremental resilience to critical
infrastructure.

RCAM'’s operational success notwithstanding, developing RCAM and the Community Microgrid model
required meaningful innovations in both the policy and technical domains.

Prior to RCAM, there was not a pathway to integrate Community Microgrids onto PG&E’s distribution
system. As such, PG&E needed to develop a coherent framework to enable these types of microgrids.
Key pieces of this framework included a Tariff and the contractual arrangement between PG&E and
the operator of the grid-forming DER. To PG&E’s knowledge, nothing similar to this structure existed in
the US or elsewhere.

The project team developed a regulatory framework that aligned PG&E's strategic goals with
California’s resilience objectives. The resulting Community Microgrid Enablement Tariff (CMET) and a
pro-forma Microgrid Operating Agreement were approved by the CPUC and received strong
stakeholder support. The framework is notable for several reasons but chief among them is its
simplicity. Both the tariff and agreement are highly compatible with existing utility standards, rules,
and processes such as those defined in the interconnection process and Distribution Operations.
Moreover, the roles and responsibilities are clear and unambiguous. The Utility always remains the
Distribution System Operator and Distribution Service Provider independent of whether the microgrid
is islanded or grid-connected. This framework provides a viable and compelling approach to keep the
utility in the center of grid planning enabling resilience.

The project team also had to solve the technical challenges of using third-party inverter-based
resources to maintain power quality and ensure safe operations of the system during islanded
operations. Key technical challenges included modeling the behavior of the inverters, developing
protection schemes, and testing control logic and operational coordination between PG&E and RCEA
devices.
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RCAM’s technical development culminated in the industry-first Microgrid Island Study designed to
solve for the novel control methodologies, protection schemes, and operational coordination required
for DERs acting as grid-forming generators. Additionally, PG&E built a world class microgrid test bed to
support further microgrid research.

The result of these policy and technical innovations is a replicable and scalable model to implement
community microgrids across PG&E’s service territory.

In fact, the impact of RCAM is already evident. As a companion to CMET, PG&E launched a S90MM
program called the Community Microgrid Enablement Program (CMEP) to develop Community
Microgrids in communities with a high risk of outages. This then had impact well beyond PG&E’s
service territory as CMEP served as the model for California’s recently approved Microgrid Incentive
Program (MIP). In April 2023, the CPUC approved $200MM among the three I0Us to support
community-driven microgrid projects, similar to RCAM, throughout California. MIP is a competitive
grant program that funds up to $14MM to cover eligible project resources, engineering and
development costs in Disadvantaged and Vulnerable Communities that have a high outage risk.

PG&E has received a lot of interest in both community microgrid programs. Since CMEP launched in
2021, the PG&E team met with roughly 100 communities and/or technical developers, and of those
interested parties, 40 projects advanced through the initial stages of CMEP. It should be noted that
most CMEP projects did not move forward due to the following reasons: 1) because another solution
such as a Behind-the-Meter microgrid was a better fit, 2) the community didn’t meet the eligibility
requirements of CMEP or 3) there was a lack of additional funding needed from the community to
procure the project resources. However, four CMEP projects remain in an early stage of development.
Since MIP officially launched in October 2023 and could cover a significant portion of eligible project
costs, 11 communities that initially came through CMEP have applied to this grant program with a total
of 22 communities and/or tribes submitting applications to the first MIP application tranche.

Furthermore, the success of RCAM and these innovative programs have led utilities in several US
states and internationally to seek out PG&E’s advice and have considered RCAM as a model for
structuring their own microgrid policy.

However, for all its success, RCAM has shown that Community Microgrids are unique and complex

solutions. There is still significant work to be accomplished to increase scalability and manage more
complicated microgrid configurations.
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15 Appendix 2 — Definition of Terms and Abbreviations

3P 3-Phase

ADMS Advanced Distribution Management System
AL Advice Letter

ATS Applied Technology Services

BESS Battery Electric Storage System

BTM Behind-the-Meter

CAIDI Customer Average Interruption Duration Index
CCA Community Choice Aggregator

CEC California Energy Commission

CIP Critical Infrastructure Protection

CMEP Community Microgrid Enablement Program
CMET Community Microgrid Incentive Program (MIP)
CMG Community Microgrid

COoD Commercial Operation Date

CONOPS Concept of Operations

CPUC California Public Utilities Commission

DC Direct Current

DCC Distribution Control Center

DER Distributed Energy Resource

DERMS Distributed Energy Resource Management System
DGD Distributed Generation Deliverability

DO Distribution Operator

DOO Description of Operations

DSO Distribution System Operator

EPIC Electric Program Investment Charge

FAN Field Area Network

FAT Factory Acceptance Testing

FCD Full-Capacity Deliverability

FCDS Full-Capacity Deliverability Status

FDS Functional Design Specification

FTM Front-of-the-meter

GHG Greenhouse Gas

HMI Human Machine Interface

LG Line-to-Ground

LL Line-to-Line

LLG Line-to-Line-to-Ground

LR Line Recloser

MIP Microgrid Incentive Program
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MIS Microgrid Islanding Study

MOA Microgrid Operating Agreement

MPLS Multiprotocol Label Switching

NEM Net Electric Metering

NERC North American Electric Reliability Corporation
ODN Operational Data Network

OIR Order Instituting Rulemaking

PCS Power Control System

PG&E Pacific Gas & Electric

PHIL Power Hardware in the Loop

PIP Project Implementation Plan

PSPS Public Safety Power Shutoff

PTP Point-to-Point

PV Photovoltaic

RA Resource Adequacy

RCAM Redwood Coast Airport Microgrid

RCEA Redwood Coast Energy Authority

RTAC Real-time Automation Controller

RTDS Real-Time Digital Simulator

RTO Release to Operation

SAIDI System Average Interruption Duration Index
SAIFI System Average Interruption Frequency Index
SAT Site Acceptance Testing

SCADA Supervisory Control and Data Acquisition
SCE Southern California Edison

SDG&E San Diego Gas and Electric

SEL Schweitzer Engineering Labs

Schatz Center

Schatz Energy Research Center of Cal Poly Humboldt

SFA

Special Facilities Agreement

SGIA Small Generator Interconnection Agreement
SoC State of Charge

SSP System Security Plan

TD&D Technology Demonstration and Deployment
TNPF Technology Neutral Pro-Forma

USDA The United States Department of Agriculture
WDT Wholesale Distribution Tariff
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16 Appendix 3 — ATS RCAM Test Plan

The test plan presented here was designed to test the microgrid protection and control functions
described in the Arcata-Eureka Airport Microgrid Functional Design Specification document (FDS Rev.
5). The test plan adhered to the testing requirements presented in IEEE Std 2030.8 Standard for the
Testing of Microgrid Controllers, which is designed to meet the objectives described in IEEE Std 2030.7
Standard for the Specification of Microgrid Controllers.
The test plan covered the following functions:

1) Grid-connected functions: Blue-Sky BESS Dispatch and Grid-Connected Fault Detection

2) Islanded functions: Islanding with BESS and Islanded Fault Detection
3) Islanding transition functions: Seamless and Break-Before-Make Transition to Island
4) Reconnection functions: Seamless and Break-Before-Make Reconnection to grid

Failsafe tests were not part of the test plan except for those that were difficult to evaluate in the field:
1) Zone 1 Primary Fault

2) Failed Retransfer to Grid

The remaining failsafe tests which evaluated alarms and recovery actions in response to events such as
communications loss or hardware failure have been successfully completed in the field and in the FAT.
Tests were classified per function where each test consisted of multiple scenarios with a set of
initiating conditions and events. The objectives of this test plan were the following:

a) Confirm the correct execution of microgrid control sequences

b) Evaluate the stability of the microgrid for various modes of operation

c) Validate relay protection settings

To validate relay protection settings, line-to-ground (LG), three-phase (3P), line-to-line (LL), and line-to-
line-to-ground (LLG) faults were applied at different points on the system. Points P1-P5 in Figure 29
show the fault location for internal fault testing in the Microgrid Zone of Protection. Points P6 and P7
in Figure 30 show the internal fault location in the Customer Generation Zone of Protection and points
P8-P10 in Figure 31 show the fault location in the External Protection Zone.

The fault points given in Figure 29 for the Microgrid Zone of Protection were placed on the 12-kV side
of the step-down transformer serving each load as shown in Figure 32 for the case of P5.
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16.1 Grid-Connected Function Tests

No. Function Testing Scenarios
1) BESS Direct Dispatch
a) Real/Reactive power setpoint
1 Blue-Sky BESS within PG&E limits
Dispatch b) Real/Reactive power setpoint
outside PG&E limits
1) Fault on External Protection Zone
a) Abnormal grid operation
- Voltage sag/rise
- Frequency drop/rise
b) LG, 3P faults at points:

- Node 1 (P8)
- 12 kV J. Creek substation bus
(P9)
2  Grid-Connected - 60 kV J. Creek substation bus
Fault Detection (P10)

2) Fault on Internal Protection Zone
a) LG, 3P, LL, LLG faults at points
P1-P5

3) Fault on Customer Generation
Protection Zone
a) LG, 3P, LL, LLG faults at points
P6-P7

16.2 Islanded Function Tests

No. Function Testing Scenarios
1) Voltage and frequency regulation
1  Islanding with a) BESS SOC > Islanded BTM PV
BESS Curtail SOC value

b) BESS SOC < Islanded BTM PV
Curtail SOC value

1) Fault on Internal Protection Zone
a) LG, 3P, LL, LLG faults at P1-P5
2 Islanded Fault

Detection
2) Fault on Customer Generation
Protection Zone
a) LG, 3P, LL, LLG faults at P6-P7
1) Generation Limp
3 | BESS Depleted a) BESS SOC < IslandedMinSOC
while Islanded b) BESS SOC > IslandedMinSOC
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Expected Operation
BESS execution of real power setpoints
while maintaining the microgrid within
PG&E import and export curtailment
limits.

BESS or SEL-651R detects fault or
abnormal condition and trips the Islanding
Recloser.

SEL-651R detects fault and trips Islanding
Recloser while simultaneously issuing a
signal to the SEL-700GT+ to trip the
Generation CB. Protection coordination
with fuses will also be evaluated.
SEL-700GT+ Generation Relay detects
fault and trips Generation CB followed by
BESS entering Complete System Shutdown
operating mode.

Expected Operation
BESS maintains stable voltage and
frequency on the microgrid while
Generation Controller trips or closes
NEM PV CB at maximum PV generation
output.
When a) is true, NEM PV CB will trip.
When b) is true, NEM PV CB will close.
SEL-700GT+ Generation Relay trips
Generation CB and SEL-651R goes into
lockout. BESS maintains power up to the
open Generation CB. Protection
coordination with fuses will also be
evaluated.
SEL-700GT+ Generation Relay detects
fault and trips Generation CB followed by
BESS entering Complete System
Shutdown operating mode.
Generation Controller trips/closes Gen
CB based on BESS SOC. When a) is true,
Gen CB will trip. When b) is true, Gen CB
closes and re-energizes the islanded
microgrid.
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16.3 Transition Function Tests

No. Function

1 Seamless
Transition to
Island

2  Break-Before-
Make
Transition to
Island

3  Seamless
Reconnect

4 Break-Before-
Make
Reconnect

1)

2)

1)

2)

1)

2)

1)

Testing Scenarios
Automatic Transition
(Unplanned Islanding)
a) Grid voltage sag

Manual Transition

(Planned Islanding)

a) Planned islanding
request from Eaton
4260 PG&E HMI

Automatic Transition

(Unplanned Islanding)

a) Grid voltage sag

Manual Transition

(Planned Islanding)

a) Planned islanding
request from Eaton
4260 PG&E HMI

Automatic transition

a) Grid restoration

Manual transition

a) Reconnect request
from Eaton 4260
PG&E HMI

Automatic transition
a) Grid restoration
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Expected Operation
BESS enters VF (grid-forming) mode following
operation of SEL-651R for fault on external
protection zone. The microgrid becomes islanded and
automatic retransfers are inhibited until the grid
voltage is nominal for 15 minutes.

Upon reception of open command, BESS balances
power at Islanding Recloser, switches to VF (grid-
forming) mode, and opens Islanding Recloser via SEL-
3530-4. The microgrid becomes islanded and
automatic retransfers are inhibited.

BESS switches to standby mode following operation
of SEL-651R for fault on external protection zone.
BESS switches to VF (grid-forming) mode and black-
starts the microgrid once Islanding Recloser opens.
Automatic retransfers become inhibited until the grid
voltage is nominal for 15 minutes.

BESS enters standby mode upon reception of open
command. BESS switches to VF (grid-forming) mode
and black-starts the microgrid once Islanding
Recloser opens. Automatic retransfers are inhibited.

Once grid voltage and frequency return to expected
range for 15 min, BESS synchronizes microgrid to
main grid and SEL-3530-4 issues close command to
SEL-651R. SEL-651R confirms synchronization and
closes Islanding Recloser followed by BESS switching
from VF (grid-forming) to PQ (grid-following) mode
enabling Blue Sky BESS Dispatch Function.

Once reconnect request is issued, BESS synchronizes
microgrid to main grid and SEL-3530-4 issues close
command to SEL-651R. SEL-651R confirms
synchronization and closes Islanding Recloser
followed by BESS switching from VF (grid-forming) to
PQ (grid-following) mode enabling Blue Sky BESS
Dispatch Function.

Once grid voltage and frequency return to expected
range for 15 min, BESS enters standby mode de-
energizing the microgrid. SEL-3530-4 issues close
command to SEL-651R to black-start the microgrid
and BESS switches from VF (grid-forming) to PQ (grid-
following) mode enabling Blue Sky BESS Dispatch
Function.
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2) Manual transition Once reconnect request is issued, BESS enters
a) Reconnect request standby mode de-energizing the microgrid. SEL-3530-
from Eaton 4260 4 issues close command to SEL-651R to black-start
PG&E HMI the microgrid and BESS switches from VF (grid-

forming) to PQ (grid-following) mode enabling Blue
Sky BESS Dispatch Function.

16.4 Failsafe Tests

The below failsafe tests were added to the test plan to support field commissioning. These tests were
better performed at the ATS testbed since they involved faults in the test sequence.

No. Function Testing Scenarios Expected Operation
1) AG fault on Internal Protection Zone Generation CB trips, Microgrid Control
1  Zone 1 Primary on Eaton 4260 HMI switches from Auto
Fault Failsafe to Manual and Zone 1 LED illuminates
in SEL-651R template of Eaton 4260
HMI.
2  Failed 2) BESS Site Controller unresponsive to Failed Retransfer to Grid Transition
Retransfer to command from Eaton 4260 HMI indication on Eaton 4260 HMI
Grid Failsafe
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17 Appendix 4 — RCAM Commissioning Test Plan Summary

The following table summarizes the tests performed onsite for field commissioning of RCAM.

Test # | Description
1 Manual planned Seamless Islanding Event initiated from onsite PG&E HMI, followed by
islanding for 20 minutes, followed by manual seamless retransfer to grid-connected state.
5 Manual planned Seamless Islanding Event initiated remotely from DCC SCADA, followed by

islanding for 20 minutes, followed by manual seamless retransfer to grid-connected state.

Manual planned Break-Before-Make Islanding Event initiated from onsite PG&E HMI,

3 followed by islanding for 20 minutes, followed by manual Break-Before-Make retransfer to
grid-connected state.
Manual planned Break-Before-Make Islanding Event initiated remotely from DCC SCADA,

4 followed by islanding for 20 minutes, followed by manual Break-Before-Make retransfer to
grid-connected state.

5 Automatic unplanned Seamless Islanding Event, followed by islanding for 20 minutes,
followed by automatic seamless retransfer to grid-connected state.

6 Automatic unplanned Internal Fault Event, followed by manual restoration to grid-
connected state.

7 Manual planned Seamless Islanding Event initiated from DCC SCADA, followed by load shed

testing, followed by manual seamless retransfer to grid-connected state.

Table 4: Field Commissioning Tests for RCAM
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1 Executive Summary

This report summarizes the project objectives, technical results and lessons learned for EPIC Project
EPIC 3.41 — Drone Enablement and Operational Use (Drone Enablement), as listed in the EPIC Annual
Report. The project was authorized in April 2022 and concluded in May 2025.

The objective of this project was to demonstrate automated and Beyond Visual Line of Site (BVLOS)
drone operations drone docks for select PG&E operational use cases. As part of the project, the docks
and drones were deployed throughout Pacific Gas and Electric Company’s (PG&E) service area. The
docks served as housing units for the drones and provided charging and communications capabilities.
The project was conducted with two drone system vendors and aimed to improve current processes of
manual flight inspections of electric assets with the goal of improving safety and efficiency. The
equipment and systems used to evaluate the automated and BVLOS capabilities showed that the
concept is very promising but that some incremental improvements need to be made to the industry’s
current offerings to fully unlock the potential of advanced dock-based drone operations for utility use
cases.

To evaluate the project’s objectives of successfully conducting automated and BVLOS patrols and
electrical asset inspections safely through a remote dock system, a few methods were deployed. The
methods deployed involved manually flying the mission to perform the inspections, building
automated missions and running them frequently to evaluate the repeatability and reliability of the
automated missions. The data was handed to PG&E’s internal team and quality was compared to
current means of collections. This was measured through testing performance and mission types.

This project was motivated by the desire to find safe, cost effective, and reliable means of conducting
both routine inspections of assets and ad hoc investigations while experiencing significantly reduced
response times. This project evaluated the hypothesis that using small unmanned systems that are
already on site and on standby to be flown remotely is more efficient conventional methods of either
manual drone inspections, truck rolls or other conventional aviation operations.

Key Objectives

To help address these barriers, EPIC 3.41 established the following objectives:

e Assess multiple existing vendor systems

e Develop a Beyond Visual Line of Site (BVLOS) waiver for submission to the FAA for Approval

e Evaluate the UAS capabilities to fly BVLOS remotely from a control room to inspect PG&E
Transmission lines and Substation assets

e Evaluate the UAS capabilities to fly BVLOS remotely from a control room to inspect PG&E
Distribution assets

e Develop PG&E’s internal functioning capabilities for managing drone operations as part of Aviation
Services

e Continue to obtain more operational flexibility through FAA waivers



Key Accomplishments

The following summarizes some of the key accomplishments of the project over the project’s duration:

Conducted rigorous industry landscaping and benchmarking with other utilities which culminated
in an RFP process and the selection of two drone vendor partners (referred to as Vendors A & B
throughout) with distinctly different solution offerings

Obtained a waiver award from the FAA to fly BVLOS using the dock systems as per the proposed
Concept of Operations (ConOps). This represented the most advanced and flexible FAA waiver
obtained by PG&E at the time of the project.

Staffed the control room with full-time personnel to fly dock systems

Explored and tested use cases across various functional areas

Objectively evaluated both drone system vendors’ system offerings

Materially contributed to the maturation of one vendor’s system offering to the benefit of both
PG&E and the broader utility industry for a range of use cases

Developed internal PG&E processes and procedures for remotely operated UAS

Key Takeaways

The following are the key challenges faced by demonstrating each of the vendor partners’ solutions:

Vendor A — Incumbent vendor with conventional approach to BVLOS operations, and well-
established supplemental capabilities for a proven, comprehensive industrial solution offering.
Challenges,

0 Sensor Quality Issues: The sensor’s low megapixel count is insufficient for PG&E’s
current means of inspections. The video data detail and quality are not acceptable
when taken at a distance from the inspected assets that PG&E deems safe.

0 Cumbersome flight controls: The UAS was not as responsive as current UAS models

used by PG&E.
Limited battery life: The battery did not operate nor charge as the vendor’s advertised
specifications.

0 No collision avoidance systems: The lack of an onboard, automated collision
avoidance system dictated an operational concept with inherent limitations and
required maintaining a distance from assets that exacerbated sensor quality
limitations.

0 Extensive system installation process: The size and power requirements of the
system made installation highly cumbersome. Multiple groups had to work together to
deliver, install, and run power to the system before operation.

Vendor B — Newer vendor with promising but nascent core platform and approach to BVLOS
operations, and initially limited supplemental capabilities for a comprehensive industrial solution
offering.

Challenges,

0 Sensor Quality Issues: The sensor’s low megapixel count did not meet PG&E’s current
means of inspection.

0 Limited C2 Connectivity: The range from which the UAS could venture from the
docking system was limited due to not having LTE integration at the time.

0 Limited Battery Life: The battery did not operate nor charge up to the vendor’s
advertised specifications.

o



0 Hardware Limitations: The system had design flaws causing continuous damage to the
UAS’ propellors requiring repairs and created obstacles for the operations team.

0 Software Bugs: Numerous software bugs initially plagued the UAS system, due to its
infancy.

Although faced with these myriads of challenges, the project team was able to improvise, adapt, and
overcome the challenges while providing feedback to the vendors on their solutions for future product
improvements. Midway through the project, it became clear that Vendor B’s offering held more long-
term potential to provide value across PG&E’s use cases, and the demonstration with Vendor A was
concluded early. The project team fulfilled its goals of demonstrating the ability to fly BVLOS safely
using automated missions while collecting actionable data. More specifically, the project validated the
viability of an “infrastructure masking” approach in which drones with advanced control systems fly
close to PG&E assets to ensure separation from other aerial systems within the same airspace. Camera
quality issues with Vendor B were managed by flying closer to the assets, and range issues were
overcome where possible by creating mission paths that maintained better line of sight with the dock.
In the case of Vendor B in particular, collaboration resulted in material iterative improvements to their
solution offering within the course of this project itself and informed their longer-term capability
roadmap.

Recommendations

The demonstration highlighted the following capability improvements which would be beneficial to

unlocking even greater value for PG&E operations across a range of use cases:

— Range Extenders to enable communications over a greater distance between the UAS and the
Docking System.

—  Ability for a drone to “hop docks” by taking off from one dock and landing at a different dock,
from one substation to another

— Improved Reliability of the overall system software and hardware to enable less downtime and a
more seamless operating experience

— Improved UAS Batteries to enable longer flight times, faster charging time, and improved
environmental resiliency.

— Improved Payload/Sensor (Camera) with higher resolution, better focus capabilities, swappable
payloads, and radiometric IR.

— Interfaces to seamlessly feed the coordinates from alerts generated by various PG&E grid
monitoring sensors into the drone system as the basis for seamless mission planning and execution

Conclusion

Through the EPIC 3.41 — Drone Enablement project, PG&E conducted a rigorous demonstration of two
vendors’ drone systems to assess the readiness and value of automated and BVLOS flight operations
for multiple PG&E use cases. One of the vendor partners’ solutions demonstrated significant promise,
and PG&E collaborated closely with them to iteratively iron out numerous issues with their system
over the course of the demonstration, and provided valuable feedback for their product roadmap, to
the direct benefit of PG&E as well as the broader utility industry. During the project, PG&E’s Aviation



Services organization significantly increased its maturity around managing the company’s drone
operations. PG&E also successfully obtained a FAA BVLOS waiver to conduct operations leveraging the
capabilities demonstrated in this project, and this marked the most advanced waiver PG&E had been
granted to date at the time of the project. PG&E aims to continue more advanced demonstrations
through its EPIC 4 program based on the learnings and recommended future improvements from this
project, to position PG&E to unlock significant operational value by utilizing drones across a wide range
of use cases.

2 Introduction

This report documents the EPIC 3.41 project achievements, highlights key learnings from the project
that have industry-wide value, and identifies future opportunities for PG&E to leverage this project.

The California Public Utilities Commission (CPUC) passed two decisions that established the basis for
this demonstration program. The CPUC initially issued D. 11-12-035, Decision Establishing Interim
Research, Development and Demonstrations and Renewables Program Funding Level®, which
established the Electric Program Investment Charge (EPIC) on December 15, 2011. Subsequently, on
May 24, 2012, the CPUC issued D. 12-05-037, Phase 2 Decision Establishing Purposes and Governance
for Electric Program Investment Charge and Establishing Funding Collections for 2013-2020%, which
authorized funding in the areas of applied research and development, technology demonstration and
deployment (TD&D), and market facilitation. In this later decision, CPUC defined TD&D as “the
installation and operation of pre-commercial technologies or strategies at a scale sufficiently large and
in conditions sufficiently reflective of anticipated actual operating environments to enable appraisal of
the operational and performance characteristics and the financial risks associated with a given
technology.”?

The decision also required the EPIC Program Administrators12 to submit Triennial Investment Plans to
cover three-year funding cycles for 2012-2014, 2015-2017, and 2018-2020. On November 1, 2012, on
A.12-11-003, PG&E filed its first triennial Electric Program Investment Charge (EPIC) Application with
the CPUC, requesting $49,328,000 including funding for 26 Technology Demonstration and
Deployment Projects. On November 14, 2013, on D.13-11-025, the CPUC approved PG&E’s EPIC plan,
including $49,328,000 for this program category. On May 1, 2014, PG&E filed its second triennial
investment plan for the period of 2015-2017 in the EPIC 2 Application (A.14-05-003). CPUC approved
this plan on D.15-04-020 on April 15, 2015, including $51,080,200 for 31 TD&D projects.13 On April 28,
2017, in A.17-04-028, PG&E filed its third triennial EPIC Application at the CPUC, requesting
authorization for its for 43 Technology Demonstration and Deployment Projects. CPUC approved this
plan through D.18-10-052 on October 25, 2018, and D.20-02-003 on February 10, 2020, and authorized
$49,771,845 for the 43 TD&D projects.

L http://docs.cpuc.ca.gov/PublishedDocs/WORD_PDF/FINAL_DECISION/156050.PDF
2 http://docs.cpuc.ca.gov/PublishedDocs/WORD_PDF/FINAL_DECISION/167664.PDF
3 Decision 12-05-037 pg. 37
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Pursuant to PG&Es approved 2018-2020 EPIC triennial plan, PG&E initiated, planned and implemented
EPIC 3.41 — Drone Enablement. Through the annual reporting process, PG&E kept CPUC staff and
stakeholders informed on the progress of the project. The following is PG&E’s final report on this
project.

3 Project Summary

This project intended to apply the concept of remotely and autonomously operating UAS beyond visual
line of sight (BVLOS) for detailed asset health inspections and ad hoc investigation of issues. The project
team performed market research and selected two vendors that manufactured Remote UAS systems as
partners for the project’s demonstrations. The project intended to validate a pathway for integration of
automated and BVLOS drone operations with PG&E’s rapidly expanding networks of predictive grid
sensors, to inspect and validate the alerts generated through those sensor networks as a more efficient
and effective alternative to conventional methods of investigation. The selection of two UAS system
vendor partners was informed by extensive market research and a rigorous Request for Proposals (RFP)
process.

In recent years, PG&E has been exploring and progressively deploying sensor and system solutions that
would make distribution and transmission monitoring and inspections safer, cheaper, and more
reliable. Current methods of conducting these inspections include truck rolls, manual drone operations
within Line of Sight (LOS) and helicopter operations. Though effective, these methods have
shortcomings that can be addressed by rapidly maturing drone solution offerings. Shortcomings
include comparatively slower response times, data quality issues related to manual flights which are
dependent on pilot experience, long commutes to conduct flights and higher operational costs. This
project was designed to explore options that address these shortcomings to improve current
inspection and ad hoc investigation methods.

Although PG&E has utilized UAS for the purposes of conducting comprehensive visual inspections, these
inspections are flown manually within visual line of sight by a pilot who may or may not have advanced
flying and sensor control skills. Manual drone flights carry inherent risks such as pilot error, potential
safety impacts, and poor data quality. Manual drone flight operations for conducting these visual
inspections are also typically limited to one lattice tower per flight due to reaction time limitations that
are unavoidable in manual flight.

The technological advancements of drone technology over the years have tremendously improved the
safety and reliability of these aircraft such that the FAA has begun issuing more waivers to companies
and operators approving the implementation of advanced drone use for commercial operations. In turn,
vendors have begun developing more integrated and robust solutions that meet their clients’ needs for
new use cases that have been unlocked through the waivers.

The key deliverables for the project were the creation of the Concept of Operations (ConOps) for the
project and Federal Aviation Administration (FAA) waiver acquisition, delivery of the UAS systems,
development of the processes and procedures for the daily operations, and the testing of use cases
across multiple PG&E functional areas.



3.1 Issue Addressed

To have a more reliable grid and to help maintain the electric infrastructure and prevent catastrophic
wildfires for our customers and hometowns, PG&E has begun using more advanced Unmanned Aerial
System (UAS) operations to assist with inspections. With the UAS industry moving towards Remote
Autonomous UAS and the FAA allowing for Beyond Visual Line of Site operations, PG&E chose to
explore the possibilities enabled by these trends through the demonstrations conducted in this
project. Automated and BVLOS drone operations have the potential to unlock extensive safety and
efficiency value across a range of use cases, as compared to conventional methods of employing truck
rolls, helicopter operations or manual drone operations.

3.2 Project Objectives

The following were the key objectives of the EPIC 3.41 project:

e Assess multiple existing vendor systems.
0 Measure Unmanned Ariel System (UAS)’s
= Range
= Endurance
=  Battery charging times
0 Evaluate flight planning, modes, and commands
0 Demonstrate
=  Fail safe behaviors
= Any special capabilities
0 Docking System
= Evaluate the ability to extend communications range between drone and docking
station.
= Acquisition and comparison of these systems from separate vendors to decide
which vendor would provide a system that meet PG&E’s needs through a series of
tests and evaluations to determine capabilities.

e Develop a Beyond Visual Line of Site (BVLOS) waiver for submission to the FAA for approval.
0 Development of the Concept of Operations and submission to the FAA is integral to
acquiring the BVLOS waiver to fly drones remotely from a control room to perform UAS
inspections on PG&E Transmission and Distribution line, plus Substation assets.

e Evaluate the UAS capabilities to fly BVLOS remotely from a control room to inspect PG&E
Transmission line and Substation assets.

0 Manual drone flight operations inherently carry a risk of pilot error creating potential
safety risks as well as poor data quality of the visuals of potential hazards taken by the
drone cameras. Flight operations for asset inspections are typically limited to a few spans
at a time due to the VLOS restrictions and pilot proficiency, which impacts the speed of the
inspections performed. This makes for a less productive and efficient inspection process
compared to an automated BVLOS drone flight operation.

e Evaluate the UAS capabilities to fly BVLOS remotely from a control room to inspect PG&E
Distribution line assets.



0 PG&E needs a safe, fast, and effective solution for alert validation. The manual mode of
operations for responding to hazards detected by sensors deployed in the distribution
network require a deployment of a truck, helicopter, or a UAV along with the required
personnel. Replacing this mode of operations with an automated BVLOS drone flight
operations is more cost effective and improves safety for our workforce because their
required presence in the field will be reduced. In addition, response times for PSPS will be
faster because there will be no VLOS restrictions to contend with.

e Develop PG&E’s internal functioning capabilities for managing drone operations as part of Aviation
Services.

0 Ongoing training and development of process and procedures to develop BVLOS drone
flight operations will ensure that drone flight operations remain healthy, effective, and
proactive in identifying issues on PG&E’s Transmission, Distribution, and Substation assets
and initiating corrective action to eliminate or mitigate the issues.

e Continue to obtain more operational flexibility through FAA waivers.

3.3 Scope of Work and Project Tasks

The project’s scope of work was focused on addressing two primary opportunities and associated
hypotheses:
e Transmission Line & Substation Inspections:

0 Opportunity: Although PG&E has integrated and deployed drone operations into its
inspection processes, drone flights are still manually conducted by pilots and performed
within Visual Line of Sight (VLOS). Manual drone flight operations have inherent risks of
pilot error and potential safety hazards. Additionally, there is a risk of poor data quality
and data capture impacts the overall effectiveness of the Aerial Inspections Program.
Manual drone flight operations for conducting inspections are also limited to one tower
per flight, making this method of inspecting time and resource intensive.

0 Hypothesis: Automated flights using Beyond Visual Line of Sight (BVLOS) drone flight rules
can offer a more accurate, safer, and more efficient alternative to transmission line &
substation asset inspections compared to today’s manual flight drone operations.

e Distribution Alert Verification:

0 Opportunity: PG&E has been in the process of demonstrating and evaluating several
different sensors on the distribution system for monitoring asset health and risk. The
company will roll out a subset of these solutions broadly across the system over the next
3-5 years. PG&E needs a safe, fast, and effective solution for field-validating a range of
alerts and warnings that will be produced through these various solutions. Current
processes of field patrolling hazards detected by sensors require mobilization of a truck or
helicopter and associated personnel making it inefficient and costly.

0 Hypothesis: Automated BVLOS drone operations can provide a fast, safe and effective
alternative for field-validating alerts and warnings that will be produced through predictive
sensors that are planned to be installed across the distribution system.



The project’s scope of work is detailed below:

1. Create and develop RFP package for drone solution provider vendor contracts: Involves developing
the Statement of Work (SOW), questionnaires, scorecard rubrics and compiling a list of invitees.

2. Execute contract with drone technology vendors & Federal Aviation Administration (FAA) regulatory
consultant for compliance.

3. Conduct RFP, score and select drone vendors moving forward, and execute contracts per the terms
outlined.

4. Demonstrate automated drone flight plan generation capabilities leveraging existing remote sensing
payloads and data (LiDAR, imagery, etc.) as well as GIS data

5. Select sites for each use case.

e Transmission Line Inspection Use Case: Inspect via video/photo 3-5 towers on one segment
of transmission line

e Substation Inspection Use Case: one substation inspection run

e Distribution Alert Verification Use Case: Patrol 1-2 feeders with existing deployment of
various field sensor solutions

6. Conduct evaluation of vendor capabilities which include remote drone dock housing/charging and
drone sense & avoid capabilities.

7. Develop a sound concept of operations (ConOps) by defining detailed technology setups and
operational procedures for all sites and use cases and develop/submit associated FAA Part 107
application for a waiver for BVLOS operations approval.

8. Demonstrate execution of automated flight plan using VLOS operations (not contingent on FAA
BVLOS waiver approval). In this phase, for each use case listed below, a series of compared and
contrasted test cases ran in parallel, will be conducted in which the operation is manually flown by
the drone pilot, and then flown by the drone system autonomously with pilot supervision. Pilot
training will be conducted before this phase begins. This phase pertains to all use cases as follows:

e Transmission Inspection
e Substation Inspection
o Distribution Alert Verification

9. Demonstrate autonomous flight plan executions using BVLOS operations (contingent on FAA BVLOS
waiver approval). This phase pertains only to the Transmission Inspection and Distribution Alert
Verification use cases.

e Transmission Inspection
= Leverage autonomous flight technology developed and vetted within VLOS
operations from step 4 above to expand operation to BVLOS utilizing a Visual
Observer (VO) onsite. Where the previous phase inspected one tower at a time per
operation, which assesses how many towers can be comprehensively inspected
sequentially before drone battery exhaustion.
= Once operations with a VO is successfully tested, we can expand our testing to
flights that utilize radar technology to reduce ground and air risks.
e Distribution Alert Verification
= Develop aninterface to allow for alerts and corresponding issue locations generated
from the field sensor networks to be ingested by the drone system’s flight plan
generation capability
= Demonstrate an end-to-end process for generating alerts through field sensor
networks, having PG&E analysts review and decide which alerts are a go for drone



investigation, passing the alert to the drone flight plan generator, and execution of
a fully autonomous drone flight to inspect and validate the alert.
= Demonstrate compliance to requirements and define risk mitigations associated
with operating over densely populated areas.
= Demonstrate integration of remote drone housing via docks and charging
capabilities
10. Develop a final report of use cases, system setup along with its relevant procedures, and associated
test case results.
11. Develop a detailed path to production as the project scales for broader post-EPIC project
deployment.

3.3.1 Tasks and Milestones

Task #1: Demonstration #1 - Evaluate vendors’ basic UAS and docking capabilities.
Evaluate the remote drone housing/charging and drone detect and avoid capabilities.
Task #2: Develop an Advanced UAS Testing Plan.

Define the technology setup and operational procedures for all test sites and use cases for the FAA Part
107 BVLOS waiver application tender.

Task #3: Demonstration #2 - Automated flight plan execution within VLOS not requiring an approved
FAA BVLOS waiver.

Task #4: Demonstration #3 - BVLOS automated flight plan to inspect PG&E Transmission and Substation
assets, plus verification of Distribution Alert use cases.

PG&E will leverage automated drone flight plan technology developed and vetted within demonstration
#2 using VLOS rules for demonstrating the transmission inspections. Where the previous phase will
inspect one tower at a time per operation, this phase will assess how many towers can be inspected
sequentially before drone battery life becomes a limiting factor.

Once operations with VOs is successfully tested, PG&E will expand its testing to flights utilizing detect
and avoid (DAA) technology to mitigate ground and air risks.

Task #5: Develop a Distribution Alert Verification interface between the UAS and the field sensors.

Demonstrate end-to-end process for generating alert through field sensor network, having AH&PC
analyst review and decide which to approve for drone investigation, passing to the drone flight plan
generation capability, and executing automated drone operation to inspect and validate the alert.

Demonstrate adherence to requirements and defined risk mitigations associated with operating over
more densely populated areas.

Demonstrate integration of remote drone housing/charging capability.

The goal of the program was to address gaps associated with current inspection methods used in
drone technology particularly with Transmission, Substation, Distribution, and PSPS/Emergency
response. Milestones were set with each vendor to execute the project as follows:

Vendor A: Incumbent vendor with conventional approach to BVLOS operations, and well-established
supplemental capabilities for a proven, comprehensive industrial solution offering.



Milestone #1: Delivery of the docks
Milestone #2: System Evaluation
Milestone #3: Part 107 Waiver Application
Milestone #4: Report & Proposal

Vendor B: Newer vendor with nascent core platform and approach to BVLOS operations, and initially
limited supplemental capabilities for a comprehensive industrial solution offering.

Milestone 1: Delivery of the docks

Milestone 2A: Evaluate the basic performance and capabilities of the Dock and Remote Operations
(DRO) system

Milestone 2B: Evaluate the system’s ability to execute the use cases that PG&E outlined in the SOW

Milestone 2C: Evaluate the system’s ability to conduct automated t-line structure inspections and
distribution and alert verification flights

Milestone 3: Creation of the final report.

4 Project Activities, Results, and Findings

PG&E developed a scope of work to determine if BVLOS remote autonomous drone flights were
operationally and regulatorily viable with the appropriate governing bodies. After performing market
research, PG&E selected two vendors, Vendor A and Vendor B, who were developing solutions for
remote autonomous drone flights to evaluate their-based dock systems for viability.

The testing and evaluation were set up into multiple demonstrations broken into sections, and a
scorecard was created to objectively assess the operational functionality of each vendor’s system.

The following showcases the activities, results, and findings of the project.

4.1 Task #1: Demonstration #1, Evaluate the vendors’ basic UAS and docking
capabilities.

4.1.1 Technical Developments and Methods

Each of the vendors were expected to conduct a demonstration on different dates of the basic
performance and capabilities of their UAS. The Silverado Substation in St. Helena, California, was the
site for the basic evaluation of the UAS and Docking System capabilities. Due to regulatory restrictions,
the RPICs had to be onsite while operating because there was no BVLOS waiver in place yet.

The Tactical Plan for evaluating Vendor A’s UAS and Docking system was the following,
e Measure UAS Range:

0 This was done by flying the UAS in a linear path as far away from the dock until it lost
connection and executed an automated return to home maneuver. The distance was
measured by noting the distance written on the telemetry box of the controller when
the UAS lost link and executed its return to home maneuver.
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e Measure UAS Endurance:
0 RPIC flew the aircraft under normal circumstances until the UAS recommended a return
for landing due to low battery. A timer was used to record how long the flight time was.
e Measure UAS Charging Time:
O RPIC used a timer to measure how long it takes for the battery to fully charge after
touching down with the lowest battery possible for flight.
e Evaluation of flight planning, flight modes, and flight commands:
0 RPIC executed the following:
= Built and launched missions
=  Manually controlled UAS flights
e Demonstration of safety failsafe automated flight behaviors including Lost link low battery, and
critical battery.
e Evaluation of the ability to extend range.
e Demonstration of additional special capabilities.

The Tactical Plan for evaluating Vendor B’s UAS and Docking System was the following,

e Measure UAS Range:

0 The UAS flew linearly away from the RPIC until Command and Control (C2) and telemetry
were no longer available, and the aircraft executed its return-to-home maneuver.

e Measure UAS Endurance:

O The RPIC flew the aircraft normally until the controller interface recommends returning
home due to low battery. The time will be recorded using a recording device from launch
to landing.

e Measure UAS Charging Time:

0 The RPIC charged a battery depleted from a normal flight. The time was recorded using a
recording device from the moment the battery starts charging to the moment the battery
completes charging.

e Evaluation of flight planning, flight modes, and flight commands:

0 RPIC executed a manual flight, and demonstrated all autonomous features, such as,
proximity obstacle avoidance, 360° superzoom, point of interest orbit, track in place,
offline maps, and reduced obstacle avoidance, and 3D scan feature.

e Demonstration of safety failsafe automated flight behaviors including lost link, low battery, critical
battery, loss of GPS, and return to home. The RPIC initiated the lost link scenario by powering
down the controller.

e Evaluation of the ability to extend range.

e Demonstration of additional special capabilities:

0 The RPIC demonstrated obstacle avoidance by flying the aircraft at common obstacles not
to be smaller than % inch in diameter. Aircraft must avoid obstacles in all directions.
Success will be measured by the ability of the aircraft to avoid obstacles successfully.

4.1.2 Challenges

The initial challenge was to determine a suitable PG&E location that could host demonstration #1. The
docking systems had to be installed where our operations under normal Part 107 operations would be
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allowed inside of the national airspace system. The facilities at the location had to have the proper
infrastructure for our setup and had to meet the testing parameters for demonstration #1. The
Silverado Substation in St. Helena, CA, met our criteria and was selected as the site for the
demonstration.

The process of executing the tactical plans for Vendor A and Vendor B also experienced the following

challenges,

e Command and control connectivity issues due to the systems hardware limitations.

e Poor data quality due to limited sensor capabilities and the data not meeting PG&E’s Image Quality
and Control Standards (IQA).

e Software bugs and user experience issues due to the infancy of the systems and technology.

4.1.3 Results and Observations
The scorecard of results and observations for Vendor A’s demonstration of the capabilities of its’” UAS
are shown below.

Table 1: Vendor A — Scorecard Demonstration #1

Maintain connectivity during all phases Telemetry was maintained during all phases of

Measure UAS C2 Range of VLOS flight flight Met
M UAS
easure 40 Minutes of continuous flight 27 minutes, 20 seconds Not Met
Endurance
i 0,
MeaSl‘Jre B‘attery 40 Minutes 41 minutes and 20 seconds to charge from 9% Not Met
Charging Time to 100%
Evalua.ltlon of flight Safe execution of mission planning Waypoint and manual flight executed safely Met
planning modes
Evaluation of Image Image quality was insufficient compared to
Bery Imagery to be reviewed by IQA/DQA current methods of collection Not met
2ndary communications disconnect, UAS RTH
Lost Link RTH unless C2 is reestablished Primary communications disconnect, UAS RTH Met
Low Battery RTH UAS returned to home Met
Loss of GPS Maintain altitude and RTH Unable to simulate N/A
RTH Behavior Safe flight profile to landing UAS RH safely Met
Special Capabilities Demonstration of stated capabilities None Stated or observed N/A

The data shows that criteria for endurance and battery charging time were not met and the Loss of
GPS criteria was unable to be simulated. Also, the UAS exhibited no special capabilities. The criteria for
range, flight planning modes, lost link, low battery, and RTH behavior were met.

In general, where the criteria were met was related to safe and stable execution of the flight mission
while maintaining connectivity throughout all phases of flight. Thus, it can be concluded that for this
task Vendor A had a moderate success rate in aligning with the expected outcomes based off the
intended goal when the systems were created and marketed by the vendor.

The scorecard of results and observations for Vendor B’s demonstration of the capabilities of its” UAS
are shown below.
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Table 2: Vendor B — Scorecard Demonstration #1

Maintain connectivity during all Did not maintain connectivity during flight. UAS
Measure UAS C2 Range phases of VLOS flight initiated RTH successfully Not Met
Measure UAS Endurance 35 minutes of flight time 29.08 minutes Not Met
Measure Charging time 60 minutes Hot Battery — battery was unable to charge after
. s Not Met
flight due to heat within box.
Evaluation of flight planning Safe execution of missions Manual Met
modes Waypoint mission planner Met
Manual Poor livestream, unable to see conductors
Evaluation of Imagery Imagery suitable for inspection Not Met
Lost Link RTH unless C2 is reestablished RTH safely executed Met
Low Battery RTH BTH but landed on ground near box due to Not Met
insufficient battery reserve
RTH Behavior Safe flight profile to landing RTH safely executed, did not land in dock Not Met
Special Capabilities ?:gg:;ti;astlon of stated Collision avoidance worked in all phases of flight Met

The data shows that Vendor B did not meet any of the Success Criteria for UAS Range, Endurance,
Battery Charging Time, nor the RTH Behavior. It did meet the Success Criteria for the Flight Planning
Modes and the Special Capabilities. The Evaluation of the Imagery was not conclusive.

The docking station used for this test was an indoor dock because the vendor had not yet fully
developed its outdoor dock at the time of this evaluation. The indoor dock depends on its operating
environment to be climate controlled whereas the outdoor dock (delivered to PG&E later in the year)
comes with a thermoelectric heater and cooler to help get the battery to an optimal temperature
which should facilitate quick charging. Improvements to the communications between the docking
station and the UAS as well as the UAS endurance were identified as being needed to be successful in
the subsequent demonstrations.

Vendor B was a new entrant and though its demonstration of the capabilities of its UAS did not meet
most of the criteria set forth in the scorecard, we did provide them feedback to help them improve
and develop their product to make it more successful in the next set of demonstrations.

4.2 Task #2: Performed advanced planning to define the technology setup and
operational procedures for all sites and use cases as part of the FAA Part 107 BVLOS
waiver application.

4.2.1 Technical Development and Methods

Created the Concept of Operations (ConOps) for the project and the Federal Aviation Administration
(FAA) waiver acquisition using a template developed by Vendor A. The ConOps detailed the technology
setup and operational procedures for all sites and use cases and collaborated with Vendor A to develop
associated FAA Part 107 BVLOS waiver application. Technology setup for each use case included
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establishment of a process to download imagery from the UAS’ SD cards, and upload to AWS, and
analyze in PG&E’s internal data viewing software.

4.2.2 Challenges

Identifying potential candidates who could develop a Remote BVLOS Waiver on behalf of PG&E was a
challenge. Also, at the start of this project there were no Remote BVLOS waivers granted from the FAA
for the type of operations we were proposing.

4.2.3 Results and Observations

A Certificate of Waiver effective from October 3, 2023, to July 31, 2027, was granted by the FAA
to PG&E for authorized operations of small unmanned aircraft system (sUAS) operations
beyond the visual line of sight of the remote pilot in command. At the time of the project, this
was the most advanced and flexible FAA waiver obtained by PG&E to date.

4.3 Task #3: Demonstration #2 of an automated flight plan within VLOS which did not
require an approved FAA BVLOS waiver.

4.3.1 Technical Development and Methods

Each of the vendors were expected to conduct a demonstration on different dates of their UAS’
capabilities to execute an automated flight plan within the visual line of site of a controlling drone pilot
and not requiring an approved FAA BVLOS waiver. The Silverado Substation in St. Helena, California, was
the site chosen for both Vendor A’s and Vendor B’s demonstration.

In this task, for each use case listed below, a series of side-by-side test cases were conducted in which
the operation was manually flown by the drone pilot and then flown automatically by the drone system
with pilot supervision. Pilot training was conducted at the onset of this task. This task pertained to the
transmission and substation inspections and distribution alert verification use cases.

The Tactical Plans for each vendor were as follows,

Vendor A

e Transmission Inspection — Execute a flight to achieve the transmission structure shot list, a
collection of precisely positioned images around the transmission asset for a single structure.

e Distribution Alert Verification — Execute a flight to respond to an alert and respond in real-time to
follow-on mission updates/re-tasking.

e Substation Inspection — Execute a flight to achieve one substation asset inspection shot list, a
collection of precisely positioned images around the substation asset.

Vendor B

e Transmission Inspection - Execute a flight to achieve manual and automated data capture of a Mono
Pole and Lattice Tower.

e Distribution Inspection - Execute a flight to achieve a manual and automated patrols of a distribution
circuit followed by an automated data capture.

4.3.2 Challenges
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The initial challenge was to determine a suitable PG&E location that could host demonstration #2. The

docking systems had to be installed where our operations under our VLO waivers would be allowed
inside of the national airspace system. The facilities at the location had to have the proper

infrastructure for our setup and had to meet the testing parameters for demonstration #2. The

Silverado Substation in St. Helena, CA, met our criteria and was selected as the site for the

demonstration.

The process of executing the tactical plans for Vendor A and Vendor B also experienced the following

challenges,

e Connectivity issues due to system technology limitations

e Poor data quality due to limited mega pixels on the sensors and connection issues due to system

communications limitations
e Software bugs and interface issues due to the infancy of Vendor B’s technology

4.3.3 Results and Observations

Manual
Transmission
Inspection

Manual
Transmission Image
Capture
Automated
Transmission
Inspection
Automated
Transmission Image
Capture

Manual Distribution
Alert Verification

Manual Distribution
Alert Image Capture

Automated
Distribution Alert
Verification
Automated
Distribution Alert
Image Capture

Manual Substation
Inspection

Manual Substation
Image Capture

Automated
Substation
Inspection
Automated
Substation Image
Capture

Table 3: Vendor A — Scorecard Demonstration #2

Safe and stable execution while
maintaining connectivity during all
phases of flight

Imagery to be reviewed by PG&E
IQA/DQA for inspect ability and to
provide feedback

Safe and stable execution while
maintaining connectivity during all
phases of flight

Imagery to be reviewed by PG&E
IQA/DQA for inspect ability and to
provide feedback

Safe and stable execution while
maintaining connectivity during all
phases of flight

Imagery to be reviewed by PG&E
IQA/DQA for inspect ability and to
provide feedback

Safe and stable execution while
maintaining connectivity during all
phases of flight

Imagery to be reviewed by PG&E
IQA/DQA for inspect ability and to
provide feedback

Safe and stable execution while
maintaining connectivity during all
phases of flight

Imagery to be reviewed by PG&E
IQA/DQA for inspect ability and to
provide feedback

Safe and stable execution while
maintaining connectivity during all
phases of flight

Imagery to be reviewed by PG&E
IQA/DQA for inspect ability and to
provide feedback

Stable, safe flight, and remained connected
throughout flight.

Image quality not up to par with current IQA
standards. Level of detail does not meet current
solutions.

Image quality not up to par with current IQA
standards

Image quality not up to par with current IQA
standards.

Stable, safe flight.

Image quality not up to par with current IQA
standards.

Safe, stable, was able to maintain connectivity
during flight.

Image quality not up to par with current IQA
standards. Unable to see conductor for the flight

Safe, stable, was able to maintain connectivity
during flight.

Image quality not up to par with current IQA
standards. Not comparable to 100mp imagery.

Flight was stable and safe. Aircraft stayed on course

Image quality not up to par with current IQA
standards. Not comparable to 100mp current
imagery

Met

Not Met

Met

Not Met

Met

Not Met

Met

Not Met

Met

Not Met

Met

Not Met
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Demonstration of
“box hopping”
capabilities

Safe execution of take-off and landing at
different boxes

Flight was complete with no issue

Met

The data for Vendor A shows that the criteria for all Manual and Automated Transmission, Distribution
Alert Verification, and Substation Inspection flights were all met. But the image capture for all the flights
did not have the image quality required by the current IQA standards, thus the image criteria for all of
the flights was not met.

Overall, all the inspection flights were safely flown, stable, and were able to maintain connectivity during
flights. The image quality of the camera was an issue. To improve this, the UAS would have to fly closer
to the inspected asset, but that would increase the risk of the UAS coming into contact with the

surrounding equipment leading to an incident.

Manual Transmission
Inspection

Manual Transmission
Image Capture

Automated
Transmission
Inspection

Automated
Transmission Image
Capture

Manual Distribution
Alert Verification

Manual Distribution
Alert Image Capture

Automated
Distribution Alert
Verification

Automated
Distribution Alert
Image Capture

Manual Substation
Inspection

Manual Substation
Image Capture

Automated
Substation
Inspection

Table 4: Vendor B — Scorecard Demonstration #2

Safe and stable execution while
maintaining connectivity during all phases
of flight

Imagery to be reviewed by PG&E IQA/DQA
for inspect ability and to provide feedback

Safe and stable execution while
maintaining connectivity during all phases
of flight

Imagery to be reviewed by PG&E IQA/DQA
for inspect ability and to provide feedback

Safe and stable execution while
maintaining connectivity during all phases
of flight

Imagery to be reviewed by PG&E IQA/DQA
for inspect ability and to provide feedback

Safe and stable execution while
maintaining connectivity during all phases
of flight

Imagery to be reviewed by PG&E IQA/DQA
for inspect ability and to provide feedback

Safe and stable execution while
maintaining connectivity during all phases
of flight

Imagery to be reviewed by PG&E IQA/DQA
for inspect ability and to provide feedback

Safe and stable execution while
maintaining connectivity during all phases
of flight

Safe Stable Operations. Unable to complete full shot
sheet due to signal loss from building obstructions.

Unable to complete shot sheet. Camera resolution too
low.

Unable to complete mission due to “visual waypoint
drift”. UAS successfully used collision avoidance to
avoid contact with asset. Missed landing possibly due
to length of flight and VPS (vision positioning system).
Need to reposition dock/access point to avoid signal
obstructions.

Unable to complete shot sheet.

Safe stable operations. Lost connectivity at 2800 feet.
Loss of connection due to flying at a lower altitude.

Able to identify markers along flight path but unable
to properly identify the conductor throughout the
flight.

System flew automated path out to 3000 feet after
adjusting altitude. Discussed improvement to add
functionality to adjust camera pitch and aircraft yaw
while following flight path.

Unable to locate conductors during entirety of flight.

Safe Reliable Flight. All landings successful
Unable to inspect vs current method collection
process. Higher MP is needed to match current

collection process.

Safe Reliable Flight.

Not Met

Not Met

Not Met

Not Met

Not Met

Not Met

Met

Not Met

Met

Not Met

Met
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Automated Imagery to be reviewed by PG&E IQA/DQA | Unable to inspect to vs current method. Higher MP is
Substation Image for inspect ability and to provide feedback needed to match current collection process. Not Met
Capture

The data for Vendor B shows that the Transmission inspections, both manual and automated, did not
meet their success criteria, primarily due to signal loss because of building obstructions and “visual
waypoint drift”. The only inspection flights that met their success criteria were the Manual Distribution
Alert Verification plus both the Manual and Automated Substation Inspections. The images captured in
all of the inspection flights, both manual and automated, did not meet their success criteria due to the
camera resolution being too low, unable to fully complete the shot sheet, and the MP being too low to
match our current collection process. A demonstration of “box hopping” capabilities was not performed
because Vendor B’s product did not have this capability at the time Demonstration #2 was performed.

4.4 Task #4: Demonstration #3 of a BVLOS automated flight plan to inspect PG&E
Transmission and Substation assets, plus, verification of Distribution Alert use cases.

4.4.1 Technical Developments and Methods

Each vendor was expected to conduct a demonstration on different dates of their UAS’ capabilities to
execute an automated flight plan requiring an approved FAA BVLOS waiver. Vendor A was disqualified
during the period leading up to Demonstration #3 and therefore did not participate in the
demonstration. Their disqualification was due to shortcomings of their system and concerns, among
other issues, which would compromise the successful completion of the project goals.

Vendor B’s demonstration had two major parts: (1) A retest of some of the elements of
Demonstrations #1 and #2 to gauge the progress of improvements of the UAS’s capabilities and, (2)
Demonstration #3, an automated flight plan to inspect Transmission assets and verification of a
Distribution Alert. All of the Demonstration #1, #2, and #3 flights were executed from the DRO by a
Remote Pilot located in Concord, CA.

The Automated Transmission Inspection leveraged the automated flight plan developed and vetted in
demonstrations 1 and 2. Where in Demonstration #2, one tower at a time per operation was inspected,
this demonstration assessed how many towers could be inspected sequentially before drone battery life
became a limiting factor.

Automated Flight Transmission Structure

Prior to the demonstration day, PG&E set up multiple structure inspection missions on lattice
transmission towers using the standard shot sheet as a guide. These missions were set up using
Vendor B’s live mission planner and precise visual positioning for consistent navigation precision.
While the requirement to fly these towers in an automated fashion was accomplished, demonstration
3 required 3-5 towers to be flown over the course of a single flight. Because of the large mission
profile, mission planning time would have been an issue, and only one tower could be flown at a time.

Distribution and Alert Verification

Vendor B was given a KML to set up this demonstration, which showed the distribution infrastructure
around Silverado Substation in St. Helena, CA. From that, the vendor planned the mission on one
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distribution circuit originating from the substation and terminating approximately 4,100.81 ft (1.25
km) away from the dock location. Each waypoint represented a distribution pole location

Figure 1 below depicts the flight path taken by Vendor B from the Silverado Substation, which covers 2
miles roundtrip, few physical obstructions, and a straight path. The white circles shown represent
waypoints along the flight route with specific commands for the drone at those waypoints.

Figure 1: Demonstration #3, Vendor B Flight Path

The goal of this flight was to demonstrate the ability to dispatch the drone from outside the vendor’s
cloud using API endpoints to control when and how the drone is dispatched. This was accomplished
using a web link and a custom API token generated on the PG&E organization.

Once the flight plan was generated via KML, an API call was made to fly the mission. From there, the

user could go to the vendor’s cloud and view the flight as it progressed. This mission showed that
future iterations of this technology could be used in conjunction with PG&E’s sensor network and
Cloud-to-Cloud integration, which would allow for fully automated dispatch to alert locations.

4.4.2 Challenges

Overall, the infancy of Vendor B’s Remote Operations was challenging. Prior to Epic 3.41, Remote
Operations were nonexistent in the utility industry and all the processes and procedures had to be built
from scratch. In addition, although the pilots had gone through training, they did not have depth of
experience flying UAS remotely from a control room.

In addition, the following also posed major challenges to Vendor B’s demonstration:

Communications to the UAS was limited due to the antenna being low to the ground, which caused
for less-than-ideal range in locations where there were obstructions.

We were unable to integrate the distribution sensor-based alerting systems to Vendor B’s system
so the Distribution Alert Verification test could not be fully demonstrated.
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4.4.3 Results and Observations

The results and observations for Vendor B’s retest of Demonstrations #1 and #2, and Demonstration #3
of an automated flight plan to inspect PG&E Transmission assets, and Verification of Distribution Alert
use cases are shown on Tables 5 and 6.

Table 5: Vendor B — Scorecard Demonstration #1 & #2 Retest

DEMONSTRATION #1 - RETEST

Measure UAS C2 Range 4km (2.49 miles) Silverado: 3570 feet Not Met

Measure UAS Endurance = 35 Minutes 26 min, 56 sec. Hovered.and let Not Met
drone return automatically

Measure Battery 45 minutes from landing 1 hour 30 minutes for a 96% charge, Not Met

Charging Time timer stopped.

Vendor B to provide hardware to extend

Not provided by Vendor B Not Met
range

Ability To Extend Range

DEMONSTRATION #2 - RETEST

Safe and stable execution while

Manual Transmission s L . Transmission structure flown
N maintaining connectivity during all phases Met
Inspection . successfully
of flight.
M | Distributi Safe and stable execution while
anual Distribution I - ) o
maintaining connectivity during all phases Distribution patrol flown successfully Met

Alert Verification of flight

Tiger Creek: 3rd structure down 2
quadrants captured loss of Not Met
connection at 42% battery charge

Manual Transmission Perform flight operations to capture 3
Inspection structures.

Perform flight operation to perform patrol
Distribution Patrol 1650’. Loss of

Manual Distribution of 1 distribution feeder. Not Met
Alert Verification connection safe RTH.

The data shows that a re-test of Demonstration #1 did not strictly meet the criteria for range, endurance,
nor battery charging time. Also, Vendor B still did not yet have the hardware to extend the
communications range between the UAS and the docking station at the time of these demonstrations.

The retest of Demonstration # 2 of Manual Transmission Inspections and Distribution Alert Verifications
was remotely executed from the Concord Control Center with one drone being remotely piloted in the
Templeton Substation and another drone remotely piloted in the Silverado Substation. The data shows
that the Templeton tests all met the success criteria but the Silverado tests did not. The Silverado tests
were plagued with lost connections and low battery issues.

Table 6 Vendor B — Scorecard Demonstration #3
DEMONSTRATION #3
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Safe and stable execution while .
Automated . L . Transmission structure flown
.. . maintaining connectivity during all phases Met
Transmission Inspection of flight successfully

Safe and stable execution while

Automated Distribution
maintaining connectivity during all phases | Distribution patrol flown successfully
Alert Verification of flight

2 structures in one mission. Batte
Automated Perform flight operations to capture 3 Y

L. . life too short for 3" structures. 70- Not Met

Transmission Inspection structures. .
way points per tower.
L Perform flight operations to measure Lost connection but we believe it
Automated Distribution . ; . L
- maximum conductor distance of manual continued mission after loss of Not Met
Alert Verification )
patrol connection.

The data for the demonstrations of Automated BVLOS Flight from the control room shows the flights
conducted from the Tempelton Substation met all success criteria for Transmission Inspection and
Distribution Alert Verification. However, the demonstration from the Silverado Substation did not meet
any of the criteria for these same flights. Lost connections and low battery issues plagued the
demonstration at Silverado.

In addition, image capture capabilities could not be evaluated because of Vendor B’s known sensor
hardware limitations not meeting PG&E standards.

4.5 Task #5: Develop a Distribution Alert Verification interface between the UAS and
the field sensors.

This task was not completed because Vendor B’s technology required to integrate Distribution Alert
Verification between the UAS, and the field sensors was not mature enough at the time. The
demonstration of this capability has been deferred into potential future EPIC 4 work.

5 Value Proposition

The purpose of EPIC funding is to support investments in technology demonstration and deployment
projects that benefit the electricity customers of PG&E, San Diego Gas and Electric (SDG&E), and
Southern California Edison (SCE). Epic 3.41 has demonstrated that

Operating UAS and monitoring automated missions remotely from a centralized location beyond visual
line of site is possible and can be done so safely. It reduces the need for truck rolls to conduct aerial
inspection type work and is particularly useful for missions that need to be conducted on a repetitive
cycle. The project met the EPIC primary and secondary principles by proving out the following through
our test flights and daily operations using the dock systems:

5.1 Primary Principles

The primary principles of EPIC are to invest in technologies and approaches that provide benefits to
electric ratepayers by promoting greater reliability, lower costs, and increased safety. This EPIC project
contributes to these primary principles in the following ways:
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e Greater reliability: The reduction of time by reducing truck rolls will increase reliability by reducing
the length of time for SMEs to commute to the site of a potential issue. With the ability to put eyes
on real time the SME will also know exactly what they need to remediate the problem increasing.

e Improved Safety: Automating existing drone operations has the potential to reduce drone
collisions with PG&E assets and other objects. Using UAS and conducting BVLOS operations for
inspections and asset alert verification will reduce or eliminate the need to send contractors or
employees to each location by helicopter, truck, off-road vehicle or by foot, thus improving
personnel safety. During this project, there was no incident in which the drone collided with
energized infrastructure during flight.

e Lower O&M costs: The reduction of truck rolls reduces the costs associated with travel such as
fuel, lodging and per diem as well as adding efficiency.

Using zero emission-type UAS leads to reduced carbon emissions while still conducting aerial
inspections effectively. This leads to an environmentally sustainable inspection program by not
emitting greenhouse gases to conduct needed inspection work. Also, the reduced need for travel to
conduct the aerial work further reduces the carbon emissions produced commuting to the areas for
work. This also increases safety by reducing time spent driving on the roads. The automated nature of
most of the flights reduces pilot error related incidents.

5.2  Secondary Principles

EPIC also has a set of complementary secondary principles. This EPIC project contributes to the
following three secondary principles: <societal benefits, greenhouse gas (GHG) emissions reduction,
the loading order, low-emission vehicles/transmission, economic development; and efficient use of
ratepayer funds.

e Societal benefits: The improvements in the inspection process by reducing response times for
inspection needs whether routine or emergency improves the reliability of the electric grid by
proactively identifying potential problem areas. This leads to the prevention or reduced
occurrences of power outages over large service areas and keeps the lights on for PG&E’s
customers. The quick inspection ability also reduces the occurrence of wildfires caused by
degraded or damaged electrical equipment thereby keeping customers and natural ecosystems
safe from destructive wildfires.

e Greenhouse gas (GHG) emissions reduction: The reduction of truck rolls to get on site to fly
reduces the carbon footprint by not burning fossil fuels to get on site to fly. In addition to the
reduced truck rolls, electrically powered UAVs which reduce greenhouse gases were in use.

e Economic development: The creation of jobs to staff the remote operations project, the reduction
of wildfire incidents from our inspections and the reductions of electrical power outages to
businesses and homes from proactive asset inspections all lead to economic development in the
following ways:

a. Remote operations staffing: Pilots needed to staff the control room and fly the UAS
remotely and so job creation plays a positive role in economic development.
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5.3

b. Reduction of wildfires: Quicker turnaround times and data delivery to the appropriate
engineers from asset patrols and inspections proactively prevent or lessen the impact of
wildfires thereby preventing the economic fallout associated with loss of life,
infrastructure, and businesses from wildfire events.

c. Reduction of power outages or quicker restoration times: Reductions in power outages
lead to businesses, particularly those that rely heavily on consistent electric supply for
their operations, to stay operational more consistently with minimized down time. This
improves businesses productivity, which in turn affects profits and employee
compensation, thus improving economic development.

Efficient use of ratepayer funds: Inspections are mandatory especially on aging infrastructure to
improve reliability of the grid and electric assets to keep the public safe while producing and
delivering electricity to businesses. Because of this, money must be allocated to inspection
programs and if money must be allocated, it is best that it be allocated in a manner that uses the
money efficiently. This program accomplished this by reducing the costs associated with
inefficiencies related to current inspection methods such as travel costs to get on site. In addition,
the improved security capabilities from daily security patrols at historically compromised locations,
reduce break-ins, vandalism, and theft which saves the company money from replacement costs
which allows the company to better use funds on other projects.

Key Accomplishments

The following summarize the key accomplishments of the project over its duration:

54

Conducted rigorous industry landscaping and benchmarking with other utilities which culminated
in an RFP process and the selection of two drone vendor partners (referred to as Vendors A & B
throughout) with distinctly different solution offerings

Obtained a waiver award from the FAA to fly BVLOS using the dock systems as per the proposed
Concept of Operations (ConOps). This represented the most advanced and flexible FAA waiver
obtained by PG&E at the time of the project.

Staffed the control room with full-time personnel to fly dock systems

Explored and tested use cases across various functional areas

Objectively evaluated both drone system vendors’ system offerings

Material contribution to the maturation of one vendor’s system offering to the benefit of both
PG&E and the broader utility industry for a range of use cases

Developed internal PG&E processes and procedures for remotely operated UAS

Key Recommendations

The recommendations for improvements to Vendor B’s solution building upon this project to better
enable PG&E’s use cases are summarized below.

Range extenders
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The current version of Vendor B’s dock system relies on the drone having line of sight with the dock to
maintain link. This limits the range the drone can have from the dock during flights. Equipment like
repeaters for the dock system would help improve range by improving the line of sight around bends
and obstacles. Connection via 5G LTE via a sim card onboard the drone is another way to improve
connection by allowing the drone to fly and remain connected to the cloud when flying in areas that
have cellular coverage without the need for repeaters with repeaters being necessary for areas
without cell coverage.

Dock Hopping

To fully realize the benefits of improved range, the ability to take off from one dock and do a one-way
flight in which the drone lands on another dock, would create the possibility of covering more ground
inspection-wise more efficiently and effectively.

Improved Batteries

Improved drone batteries that can withstand more cycles before they are significantly degraded to the
point where they are no longer suitable for flight would be desirable. The batteries used as part of this
demonstration must be replaced within half the cycles originally advertised to prevent a battery failure
in mid-flight.

Improved Payload (Camera)

The current dock system does not have a camera that meets the detailed inspection quality for small
components often found on electric towers. A camera with the ability to adjust focus and zoom
optically with a higher megapixel count would improve inspection capabilities of PG&E’s electric
assets.

5.5 Technology Transfer Plan

5.5.1 10U’s Technology Transfer Plans

A primary benefit of the EPIC program is the technology and knowledge sharing that occurs both
internally within PG&E, and across the other IOUs, the CEC, and the industry. To facilitate this
knowledge sharing, PG&E will share the results of this project in industry workshops and through
public reports published on the PG&E website. Specifically, below is information sharing forums where
the results and lessons learned from this EPIC project were presented or plan to be presented:

5.5.2 Adaptability to other Utilities and Industry

The following findings of this project are relevant and adaptable to other utilities and the industry:

e Beyond visual line of site flights via drone docking stations for asset inspections are possible and
can be done so safely.

e Docking stations with a smaller footprint are more desirable than those with large footprints due
to limited space in substations

e Using third party weather stations is a viable solution without having to rely on using just the
docking station’s weather system. It is recommended to use more than one weather station to
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cross-check weather observations for accuracy, so pilots are not making flight decisions based off
stale or inaccurate weather readings.
5.6 Data Access
Upon request, PG&E will provide access to data collected that is consistent with the CPUC's data
access requirements for EPIC data and results.
6 Metrics

The following metrics were identified for this project and included in PG&E’s EPIC Annual Report as
potential metrics to measure project benefits at full scale.? Given the proof-of-concept nature of this
EPIC project, these metrics are forward looking.

D.13-11-025, Attachment 4. List of Proposed Metrics and Potential Areas of
Reference

Measurement (as applicable to a specific project or investment area)

1. Potential energy and cost savings

a. Number and total nameplate capacity of distributed generation facilities

b. Total electricity deliveries from grid-connected distributed generation facilities

c. Avoided procurement and generation costs

d. Number and percentage of customers on time variant or dynamic pricing tariffs

e. Peak load reduction (MW) from summer and winter programs

g. Percentage of demand response enabled by automated demand response technology
(e.g. Auto DR)

h. Customer bill savings (dollars saved)

i. Nameplate capacity (MW) of grid-connected energy storage

2. Job creation

QU

. Hours worked in California and money spent in California for each project

w

. Economic benefits

QU

. Maintain / Reduce operations and maintenance costs 5.1

b. Maintain / Reduce capital costs

¢. Reduction in electrical losses in the transmission and distribution system 5.2

d. Number of operations of various existing equipment types (such as voltage regulation)
before and after adoption of a new smart grid component, as an indicator of possible
equipment life extensions from reduced wear and tear

e. Non-energy economic benefits 5.2

42015 PG&E EPIC Annual Report. Feb 29, 2016.
http://www.pge.com/includes/docs/pdfs/about/environment/epic/EPICAnnualReportAttachmentA.pdf
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f. Improvements in system operation efficiencies stemming from increased utility 55
dispatchability of customer demand side management '

g. Co-benefits and co-products (e.g. feed, soil amendment, lithium extraction)

h. Energy Security (reduced energy and energy-related material imports)

4. Environmental benefits

a. GHG emissions reductions (MMTCO2e) 5,5.2

b. Criteria air pollution emission reductions. 5,5.1,5.2

c. Water savings

d. Water quality improvement

e. Waste reductions

—h

. Habitat area disturbance reductions

. Wildlife fatality reductions (electrocutions, collisions) 3.1,5.2

U1 | 0

. Safety, Power Quality, and Reliability (Equipment, Electricity System)

Q

. Outage number, frequency and duration reductions 4.3.1,5.2

b. Electric system power flow congestion reduction

c. Forecast accuracy improvement

d. Public safety improvement and hazard exposure reduction 4.13,3.1

e. Utility worker safety improvement and hazard exposure reduction 33

f. Reduced flicker and other power quality differences

h. Reduction in system harmonics

i. Increase in the number of nodes in the power system at monitoring points

6. Other Metrics (to be developed based on specific projects through ongoing
administrator coordination and development of competitive solicitations)

a. Insert other metrics here

b. Insert other metrics here

c. Insert other metrics here

d. Insert other metrics here

e. Insert other metrics here

7. Identification of barriers or issues resolved that prevented widespread deployment
of technology or strategy

3,4.1,

a. Description of the issues, project(s), and the results or outcomes
4.1.24.1.3

b. Increased use of cost-effective digital information and control technology to improve

reliability, security, and efficiency of the electric grid (PU Code § 8360)
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¢. Dynamic optimization of grid operations and resources, including appropriate
consideration for asset management and utilization of related grid operations and
resources, with cost-effective full cyber security (PU Code § 8360)

d. Deployment and integration of cost-effective distributed resources and generation,
including renewable resources (PU Code § 8360)

e. Development and incorporation of cost-effective demand response, demand-side

resources, and energy-efficient resources (PU Code § 8360) >1
f. Deployment of cost-effective smart technologies, including real time, automated,

interactive technologies that optimize the physical operation of appliances and consumer 30
devices for metering, communications concerning grid operations and status, and

distribution automation (PU Code § 8360)

g. Integration of cost-effective smart appliances and consumer devices (PU Code § 8360)

h. Deployment and integration of cost-effective advanced electricity storage and peak-

shaving technologies, including plug-in electric and hybrid electric vehicles, and thermal-
storage air-conditioning (PU Code § 8360)

j. Provide consumers with timely information and control options (PU Code § 8360)

k. Develop standards for communication and interoperability of appliances and

equipment connected to the electric grid, including the infrastructure serving the grid

(PU Code § 8360)

. Identification and lowering of unreasonable or unnecessary barriers to adoption of

smart grid technologies, practices, and services (PU Code § 8360)

8. Effectiveness of information dissemination

a. Web-based surveys of people viewing materials or participating in program reviews

b. Number of reports and fact sheets published online

c. Number of times reports are cited in scientific journals and trade publications for

selected projects.

d. Number of information sharing forums held 5.6.1
e. Stakeholders attendance at workshops

f. Technology transfer 5.6

9. Adoption of EPIC technology, strategy, and research data/results by others

a. Description/documentation of projects that progress deployment, such as Commission
approval of utility proposals for widespread deployment or technologies included in
adopted building standards

b. Number of technologies eligible to participate in utility energy efficiency, demand
response or distributed energy resource rebate programs

c. EPIC project results referenced in regulatory proceedings and policy reports

d. Successful project outcomes ready for use in California IOU grid (Path to market)

e. Technologies available for sale in the marketplace (when known)
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10. Reduced ratepayer project costs through external funding or contributions for EPIC-
funded research on technologies or strategies

a. Description or documentation of funding or contributions committed by others

b. Co-funding provided for solicitations

c. Dollar value of funding or contributions committed by others

7 Conclusion

Through the EPIC 3.41 — Drone Enablement project, PG&E conducted a rigorous demonstration of two
vendors’ drone systems to assess the readiness and value of automated and BVLOS flight operations
for multiple PG&E use cases. One of the vendor partners’ solutions demonstrated significant promise,
and PG&E collaborated closely with them to iteratively iron out numerous issues with their system
over the course of the demonstration, and provided valuable feedback for their product roadmap, to
the direct benefit of PG&E as well as the broader utility industry. During the project, PG&E’s Aviation
Services organization significantly increased its maturity around managing the company’s drone
operations. PG&E also successfully obtained a FAA BVLOS waiver to conduct operations leveraging the
capabilities demonstrated in this project, and this marked the most advanced waiver PG&E had been
granted to date at the time of the project. PG&E aims to continue more advanced demonstrations
through its EPIC 4 program based on the learnings and recommended future improvements from this
project, to position PG&E to unlock significant operational value by utilizing drones across a wide range
of use cases.
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8 Supplementary Technical Reference

Below is the 14 CFR Part 107 waiver issued to PG&E by the FAA per the Concept
of Operations to conduct this project:

U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

CERTIFICATE OF WAIVER

ISSUED TO

Pacific Gas and
Electric
Responsible
Person: Kellen
Kirk Waiver
Number: 107W-
2023-02551

ADDRESS —

1448 Sally Ride Dr Concord, CA 94520

This certificate is issued for the operations specifically described hereinafter. No person shall conduct any
operation pursuant to the authority of this certificate except in accordance with the provisions contained in this
certificate.

OPERATIONS AUTHORIZED

Small unmanned aircraft system (SUAS) operations beyond the visual line of sight of the remote pilot in
command (PIC).

LIST OF WAIVED REGULATIONS BY SECTION AND TITLE

14 CFR § 107.31—Visual line of sight aircraft operation

STANDARD PROVISIONS

1. A copy of the application made for this certificate shall be attached to and become a part hereof.

2. This certificate shall be presented for inspection upon the request of any authorized representative of
the Administrator of the Federal Aviation Administration, or of any State or municipal official
charged with the duty of enforcing local laws
or regulations.

3. The holder of this certificate shall be responsible for the strict observance of the terms and provisions
contained herein.

4. This certificate is nontransferable.

NOTE—This certificate constitutes a waiver of those Federal rules or regulations specifically referred to
above. It does not constitute a waiver of any State law or local ordinance.

SPECIAL PROVISIONS

Special Provisions Nos. 1 to 34, inclusive, are set forth on the attached pages.

This Certificate of Waiver is effective from October 3, 2023, to July 31, 2027, and is subject to cancellation
at any time upon notice by the Administrator or an authorized representative.
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BY DIRECTION OF THE
ADMINISTRATOR

Digitally signed by
DEREK W

DEREK W HUFTY Hurry

Date: 2023.10.06
12:08:50 -04'00'

Emerging Technologies Division, AFS-700

General.

SPECIAL PROVISIONS ISSUED TO
Pacific Gas and Electric

This Certificate of Waiver is an amendment which supersedes and replaces Waiver 107W-
2023-00964 issued to Pacific Gas and Electric for operations under 14 CFR 107. Waiver
107W-2023-00964 is no longer valid.

The FAA’s Flight Standards Service has reviewed your application to ensure compliance
with the requirements of 14 CFR § 107.200 and 8§ 107.205. Pursuant to these authorities,
the Administrator finds that the proposed small unmanned aircraft (SUA) operation can be
conducted safely under the provisions of this Certificate of Waiver (Waiver) as listed below
because you have established adequate mitigations for risks involved with operating your
sUA in the manner you described. Adherence to the provisions of this Waiver establishes
the required level of safety within the national airspace system.

The Administrator may cancel this Waiver at any time. As a general rule, this Waiver may
be canceled when it is no longer required, there is an abuse of its provisions, or when
unforeseen safety factors develop. Failure to comply with any provision listed below is a
violation of the terms of this Waiver and will serve as justification for cancellation.

List of Regulations Waived by Section and Title. The following regulations are waived:

14 CFR § 107.31, Visual line of sight aircraft operation, is waived to allow
operation of the small unmanned aircraft (SUA) beyond the direct visual line
of sight of the remote pilot in command (PIC).

No part of this waiver will function as an airspace authorization under 14 CFR § 107.41.
The FAA’s Air Traffic Organization responds directly to requests for such authorizations.

Common Special Provisions. The Responsible Person is directly responsible for safety of
operations conducted under this Waiver and will ensure the Remote Pilot in Command
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(remote PIC), manipulator of the controls, and visual observer(s) (VO)! comply with all
provisions of this Waiver.

1. The Responsible Person listed on the Waiver is responsible to the FAA for the
safe conduct of the operations. Prior to conducting operations that are the
subject of this Waiver, the Responsible Person:

a. Must ensure the remote PIC, manipulators of the controls, and VO(s) are
informed of the terms and provisions of this Waiver and strictly observe the
terms and provisions herein;

b. Must ensure the remote PIC, manipulators of the controls, and VO(s) are
informed and familiar with part 107 regulations; and

c. Evidence of the above (a and b) must be documented and must be
presented for inspection upon request from the Administrator or an
authorized representative;

2. This Waiver may not be combined with any other waiver(s), authorizations(s), or
exemption(s) without specific authorization from the FAA,

! Title 14 CFR § 107.3 defines the term “visual observer.” Any VO participating in operations conducted
under this Waiver must meet the requirements listed in § 107.33 throughout the duration of flight operations.

3. The FAA has the authority to cancel or delay any or all flight operations if the
safety of persons or property on the ground or in the air are in jeopardy or there
is a violation of the terms of this Waiver;

4. A copy of this Waiver must be accessible and available to the remote PIC at the
ground control station during SUA operations that are the subject of this Waiver;

5. The Responsible Person listed on this Waiver must maintain a current list of
pilots by name and remote pilot certificate number used in operations under
this Waiver. This list must be presented for inspection upon request from the
Administrator or an authorized representative;

6. The Responsible Person listed on this Waiver must maintain a current list of SUA
by registration number(s) used in operations under this Waiver. This list must be
presented for inspection upon request from the Administrator or an authorized
representative;

7. For the purposes of this Waiver, direct participants are the remote PICs,
persons manipulating the controls, VOs, and any persons whose involvement
is necessary for safety of the SUA operation. All other persons are considered
non-participants;

Visual Line of Sight Operations Special Provisions The remote PIC may conduct SUAS
operations without the ability to see the unmanned aircraft throughout the entire flight,
provided:

OPERATIONAL PROVISIONS
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Operations may not be conducted at night, as defined in 14 CFR § 1.1,

The remote PIC must use the strategies described in the waiver application to
contain the sUA to the intended flight volume;

The RPIC must be located in the continental United States;

Return to Home feature must be programmed to contain the sUA to flight
paths within the intended flight volume;

The sUA must not exceed

a. 50 feet above ground level (AGL); or

b. Within a 50 foot radius from any natural obstruction or manmade object;
The area of operation must be remote and safeguarded as described in the waiver
application;

Prior to conducting operations under this Waiver, the remote PIC must
identify operational area obstacles and boundaries so as to avoid collision
with, or damage to property

The Responsible Person must ensure all operations conducted under this Waiver
follow the procedures outlined in the waiver application. If a discrepancy exists
between the provisions in this Waiver and the procedures outlined in the Waiver
application, the Waiver takes precedence and must be followed,;

The Responsible Person must ensure a copy of the Waiver application and
Waiver is available to the remote PIC and all other direct participants prior to
and during SUAS operations that are the subject of this Waiver;

Prior to operations under this Waiver, all direct participants must attend
a safety briefing that addresses at minimum, the following items:
a. Designated positions, physical locations, responsibilities, and Crew Resource
Management,
Planned flight operating area,
Designated launch and recovery areas,
Verification of geo-fence boundaries,
Verification of return home and land flight profile, and course,
Verification of emergency landing site(s), land profile, and course,
Procedures for avoidance of other aircraft,
Procedures for operating under this Waiver;

S@ o oo0oT

Operations subject to this waiver must cease as soon as possible in a manner that
does not jeopardize the safety of human beings, property or other aircraft, if, at any
time:
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19.

20.

Any failure to comply with the provisions of this Waiver exists,

SUAS control link is lost,

A non-participating aircraft or person enters the designated flight operating
area,

cooe

@

f. any part of the DAA strategy is not functioning or unavailable;

No sUA flight that occurs under this waiver may carry the property of another for
compensation or hire;

The Responsible Person must file a Notice to Air Mission (NOTAM) no more than
72 hours and no less than 24 hours prior to operating under this waiver. A
NOTAM can be filed by calling 1-877-487-6867 (1-877-4-US-NTMS) or online at
https://www.1800wxbrief.com/Website/login#!/ and must include the location
and/or operating area, altitude, and time and nature of the activity. The
Responsible Person must verify the NOTAM has been issued prior to conducting
waivered operations;

TECHNICAL PROVISIONS

21.

22.

23.

Operations conducted under this Waiver may only occur with the make and
model SUAS described in the waiver application Proposed operations of any
other manufacturer, make or model of SUAS will require a new waiver
application or a request to amend this Waiver;

All sSUAS operations conducted in accordance with this Waiver must comply
with all manufacturer recommendations and limitations for the SUAS;

The Responsible Person must maintain each SUAS and its components in
accordance with manufacturer’s instructions and recommendations. SUAS
maintenance includes scheduled and unscheduled overhaul, repair, inspection,
modification, replacement, and system software upgrades of the SUAS and its
components necessary for flight. A log of all maintenance performed must be kept
for each aircraft operated under this waiver. This log must be available to the
remote PIC for review prior to conducting operations that are the subject of this
waiver. Each SUAS maintenance log must be presented to the Administrator when
requested. The log must contain the following information for each maintenance
activity:

a. A description (or reference data acceptable to the Administrator) of work

performed,

b. The date of completion of the work performed,

c. The name of the person who performed the work, and

d. The signature of the person who performed the work;

Safety of human beings or property on the ground or in the air is in jeopardy,

GPS signal is lost, or SUA GPS location information is degraded or uncertain,
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24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Any sUAS that has undergone maintenance must undergo a functional test flight
prior to conducting operations under this Waiver. A log entry must be made for each
functional test flight. The log entry must contain at minimum the:

a. Calendar date,

b. sUAS registration number,

c. Remote PIC who performed the functional test flight,
d. Duration of the flight, and
e. The result of the functional flight test;

A functional test flight may only be conducted under the standard
requirements of part 107 (without waiver);

sUAS must be equipped with high visibility markings and/or lighting to increase
conspicuity of the SUA in order to be seen by crewmembers in other aircraft from
a distance of no less than 1 statute miles (sm) during the day;

SUAS ground control must display in real time the following information:

sUA altitude, sUA position, sUA direction of flight or attitude, SUAS

flight mode, battery life, DAA status and C2 status. This information

must be available at all times to the remote PIC;

The sSUAS must alert the remote PIC of degraded system performance,

SUAS malfunction, or loss of Command and Control (C2) link between the
ground control station and the SUA as described in the waiver application;
Launch or recovery areas must be pre-designated and monitored to keep any
human being who is not directly participating in the operation out of the areas
prior to, during, and immediately following flight operations;

Prior to conducting operations under this Waiver, the remote PIC must
determine all control links used in the SUAS, will maintain the ability to
control the sUA at the maximum planned distance for the proposed
operation. At all times during operations that are the subject of this Waiver,
the remote PIC must maintain the ability to direct the SUA to ensure
compliance with the applicable provisions of this waiver;

If the remote PIC loses command or control link with the SUA, the
sUA must follow a predetermined route to either reestablish link or
immediately recover/land at a predesignated location;

ADS-B OUT (1090/978 MHz) may not be transmitted from the SUAS when
operating pursuant to this Waiver. ADS-B IN is required for operations under
this waiver;

All emitters used in SUAS must be in compliance with all applicable FCC
regulations and all provisions of the FCC authorization granted for the emitter. A
FCC experimental authorization may not be used for SUAS operations under this
Waiver; and
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ENVIRONMENTAL PROVISIONS
34. Operations conducted under this waiver are limited to the locations
meeting the performance requirements of this Waiver.
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