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Item G:

Cost/benefit analysis of several alternatives for:
¢ Enhancing reliability;
e Providing additional capacity including evaluation of energy storage, distributed energy
resources, demand response or smart grid solutions.

Response to Iltem G (Revision 1 1/29/2021):

Revision 1 Summary: This revision modifies the cost benefit analysis to correct various errors
and to clarify specific elements of the analysis. These changes are summarized in Supplemental
Data Response to Item C! and in the attached revised report by Quanta Technologies.

The attached report, prepared by Quanta Technology as a contractor to Southern California
Edison (SCE), provides a cost-benefit analysis comparing several alternatives, including the
Alberhill System Project (ASP). The identification of alternatives and methodology for this cost-
benefit analysis are described in the Quanta Technology report and summarized with additional
context in the response to DATA REQUEST SET ED-Alberhill-SCE-JWS-4 Item C (Planning
Study).

This cost-benefit analysis is one factor among many which informs and supports SCE’s
recommended solution?. Other factors integrated into SCE’s analysis and informing SCE’s
recommended solution include, but are not limited to, benefits achieved in both the near and long
term, potential environmental impacts, input from the general public and other stakeholders, and
other risk considerations.

!'See DATA REQUEST SET ED-Alberhill-SCE-JWS-4 Item C.
2 See DATA REQUEST SET ED-Alberhill-SCE-JWS-4 Item I.
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Appendix A

A Appendix: Quanta Cost Benefit Analysis

The Quanta Technology report, Cost Benefit Analysis of Alternatives Version 2, which includes
supporting cost benefit spreadsheets, is attached as Appendix A to this data submittal.
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The following individuals participated and contributed to this study:

VERSION HISTORY:

~ ewor | o owepton

0.1 11/14/2019 First Draft
0.2 12/5/2019 Second Draft
1.0 1/3/2020 Final Report

This revision corrects errors identified in the cost-benefit
analysis results. Specifically:

2.0 1/27/2021

Modifying the treatment of reliability benefits
into Load at Risk (LAR) without probability
weighting. This includes N-1, Flex -1 and Flex — 2
benefit categories.

For monetization purposes, reliability benefits are
translated into Expected Energy Not Served
(EENS) by consideration of average load at risk
over duration of event.

Treatment of N-1 and N-2 probabilities associated
with events in the Valley South System.

Treatment of probabilities associated with Flex-2-
2 event.

Separating costs from two customer classes
(commercial and residential) to three customer
classes (Residential, Small & Medium Industries
and Commercial)
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e  Modifying the definition of Flex-2-1 and Flex-2-2
events to no longer constrain the events that
drives the impact to occur at peak summer load
conditions. The events now account for varying
conditions throughout the years.

e Updated Present Value of Revenue Requirements
(PVRR) and Total costs associated with
alternatives.

e Removing consideration for SAIDI, SAIFI and CAIDI
from the reliability metrics, which were
previously provided for information purposes
only.

e Project scope and associated costs have been
added to several alternatives to address N-1 line
capacity violations that occur within the first ten
years of the project planning horizon.

® The market participation revenues for
alternatives that include Battery Energy Storage
Systems (BESS) were modified to include
Resource Adequacy payments for the eight
months of the year where the BESS would not be
dedicated to the system reliability need.

e  Other minor editorial corrections and
clarifications.
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EXECUTIVE SUMMARY

Southern California Edison (SCE) retained Quanta Technology to supplement the existing record in the
California Public Utilities Commission (CPUC) proceedings for SCE’s Alberhill System Project (ASP) with
additional analyses and alternative studies to meet the capacity and reliability needs of the Valley South
500/115 kV system. The overall objective of this study is to amend the ASP business case (including the
benefit-cost analysis [BCA]) and alternative study using rigorous and data-driven methods.

A comprehensive framework was developed in coordination with the SCE study team to evaluate and rank
the performance of alternatives. This evaluation is complemented by the development of load forecasts
for the Valley South System planning area. Industry-accepted forecast methodologies to project load
growth and to incorporate load-reduction programs (energy efficiency, demand response, and behind-
the-meter generation) were implemented. The developed load forecast covers the horizon of 30 years
(until the year 2048). The forecast findings were used to verify and validate SCE’s currently adopted
forecasting practices.

The screening process for the alternative projects is based on power flow studies in coordination with
guantitative analysis to forecast the impacts of each alternative under evaluation, including the ASP. The
projects’ performance impacts are translated into key reliability metrics, representative of project
performance over a 30-year horizon. Detailed analysis of the alternatives using benefit-cost and risk
analysis frameworks to quantify the value of monetary benefits over the project horizon was conducted.

A total of 13 alternatives, including the ASP, were studied within this framework to evaluate their
performance and contribution towards the project objectives. These alternatives were categorized as
follows:

e Minimal investment

e Conventional

e Non-wires alternative (NWA)

e Hybrid (conventional plus NWA)

Highlights of the study are as follows:

e Consistent with industry-accepted forecasting practices, two distinct methodologies were
implemented to develop load forecasts, namely conventional and spatial forecasts. (The load
forecasting methodologies and findings are documented in detail within Section 2 of this report.)
= The two forecasts have been developed consistent with the load-growth trend currently observed
within the region and the California Energy Commission’s (CEC’s) Integrated Energy Policy Report
(IEPR) projections for load-reducing technologies.

= Sensitivity analysis was performed to address the uncertainties such as load-reducing
technologies and the state of California’s electrification goals.

= Across the considered forecasts, the reliability need year was identified as 2022 (except for one
sensitivity that identified 2021 as the need year).
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= The Effective PV Spatial load forecast is found to be the most consistent with the load-growth
trend in the Valley South area. This forecast demonstrates a range of loading from 1,083 to 1,377
MVA from the year 2019 to 2048.

Several reliability metrics were used to quantitatively assess the performance of each alternative
under consideration. An evaluation of alternative performance demonstrated that the ASP provides
the highest benefits across the study horizon. These benefits are the aggregate of the ASP contribution
toward the capacity, reliability, resilience, and operational flexibility needs in the Valley South System.
Considering the aggregated benefits under normal and emergency® conditions, the ASP results in 76
gigawatt-hours (GWh) of cumulative reduced unserved energy and $4.3 billion in cost savings to the
end customers. The alternatives demonstrating the next-highest benefits (following the ASP) are
SDG&E, SCE Orange County, and SDG&E with Centralized BESS (battery energy storage system) in
Valley South.

The BCA framework was implemented to evaluate and compare alternatives performance:

= NWA solutions remained cost-effective only under reduced load forecast levels (e.g., reduced
trend and low sensitivities of the conventional forecasts). Under the other forecasts, NWAs accrue
significant costs over time due to the incremental storage sizing necessary to address the load
growth in the Valley South system.

= Conventional and hybrid alternatives can better satisfy project objectives and long-term reliability
challenges in the system.

= Menifee, ASP, SDG&E, and the Valley South to Valley North alternatives exhibit the highest
benefit-to-cost ratio. Menifee and Valley South to Valley North have lower costs relative to the
ASP while providing sizably lower benefits than ASP.

The benefit-to-cost ratio is one element to consider in determining whether or not a project should
be implemented. However, when it comes to the selection among alternatives, an incremental BCA
should be conducted. Incremental BCA methodology warrants that the additional incremental cost is
economically justifiable only if the benefit realized exceeds the incremental cost. Again, while this
incremental approach is preferred relative to a traditional BCA for comparing alternatives but needs
to be balanced with other project considerations such as type of project (reliability versus
economic),environmental impact and risks.

The incremental benefit-cost framework was implemented to justify alternative selection, and the

results demonstrated that the ASP is the preferred alternative. The analysis is indicative of unrealized

benefits should a lower cost alternative be selected.

Risk analysis associated with forecast uncertainties demonstrates that:

= The costs associated with the incremental size of the NWAs (to keep pace with peak load values)
are substantial and result in reduced benefit-to-cost ratios.

= The benefits attributed to operational flexibility from NWAs are negligible.

The results of the reliability, benefit-cost, and risk analyses indicated that the ASP meets the project

objectives over the 10-year horizon and ranks as the most favorable among the considered

alternatives over a 30-year period.

1 N-0, N-1, and operational flexibility.
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Findings and results reported in this document are based on publicly available information along with the
information furnished by the client at the time of the study. Quanta Technology reserves the right to
amend results and conclusions should additional information be provided or become available. Quanta
Technology is only responsible to the extent the client’s use of this information is consistent with the
statement of work.
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AAEE additional achievable energy efficiency

AAPV additional achievable photovoltaic

AC alternating current

ACSR aluminum conductor steel-reinforced (cable)
AMI advanced metering infrastructure

AS ancillary service

ASP Alberhill System Project

BCA benefit-cost analysis

BES bulk electric system
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CAGR compound annual growth rate

CAISO California Independent System Operator

CEC California Energy Commission

CIGRE International Council on Large Electric Systems
CPCN Certificate of Public Convenience and Necessity
CPUC California Public Utilities Commission

DA day-ahead

DER distributed energy resource

EENS expected energy not served

ENA Electrical Needs Area

EV electric vehicle

GWh gigawatt-hours

HILP high-impact low-probability (event)

IERP Integrated Energy Policy Report (of the California Energy Commission)
IP interrupted power

ISO independent system operator

LAR load at risk
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LMDR
LMP
LTELL
MBCA
MEA
NERC
NWA
Oo&M
PATHWAYS
PFD

PV
PVRR
RA
RegDown
RegUp
SCE
SDG&E
SOC
STELL
VO&M
VSSP
WACC

WECC
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load modifying demand response
locational marginal price

long-term emergency loading limits
marginal benefit-to-cost analysis

mutually exclusive alternatives

North American Electric Reliability Corporation

non-wires alternative

operations and maintenance

a long-horizon energy model developed by Energy and Environmental Economics, Inc.

period of flexibility deficit

photovoltaic

present value of revenue requirements
Resource Adequacy

Regulation down

Regulation up

Southern California Edison

San Diego Gas & Electric

state of charge

short-term emergency loading limits
variable operations and maintenance
Valley South 115 kV Subtransmission Project
weighted aggregate cost of capital

Western Electricity Coordinating Council
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1 INTRODUCTION

Southern California Edison (SCE) retained Quanta Technology to supplement the existing record in the
California Public Utilities Commission (CPUC) proceedings for the Alberhill System Project (ASP) with
additional analyses and alternative studies to meet the capacity and reliability needs of the Valley South
500/115 kV System. The overall objective of this analysis is to present a business case (including benefit-
cost analysis [BCA]) justifying the appropriate project solution through data-driven quantitative methods
and analysis.

In this section of the report, the project background, scope of work, study objective (including task
breakdown), and study process have been outlined.

1.1  Project Background

Valley Substation is a 500/115 kV substation that serves electric demand in southwestern Riverside
County. Valley Substation is split into two distinct 500/115 kV electrical systems: Valley North and Valley
South. Each is served by two 500/115 kV, 560 MVA, three-phase transformers. The Valley South 115 kV
System is not supplied power by any alternative means other than Valley Substation, nor does it have
system tie-lines to adjacent 115 kV systems. In other words, this portion of the system is radially served
by a single point of interconnection with the bulk electric system (BES) under the jurisdiction of the
California Independent System Operator (CAISO). This imposes unique challenges to the reliability,
capacity, operational flexibility,? and resilience needs of the Valley South System.

The Valley South 115 kV system Electrical Needs Area (ENA) consists of 14 distribution-level substations
(115/12 kV substations). During the 2019-2028 forecast developed for peak demand, SCE identified an
overload of the Valley South 500/115 kV transformer capacity by the year 2022 under normal operating
conditions (N-0) and 1-in-5-year heat storm weather conditions. SCE has additionally identified the need
to provide system tie-lines to improve reliability, resilience, and operational flexibility. To address these
needs, the ASP was proposed. Figure 1-1 provides an overview of the project area.

Key features of this project are as follows:

e Construction of a 1,120 MVA 500/115 kV substation (Alberhill Substation).

e Construction of two 500 kV transmission line segments to connect the proposed Alberhill Substation
by looping into the existing Serrano—Valley 500 kV transmission line.

e Construction of approximately 20 miles of 115 kV subtransmission line to modify the configuration of
the existing Valley South System to allow for the transfer of five 115/12 kV distribution substations

2 Flexibility or Operational Flexibility are used interchangeably in the context of this study. It is considered as the
capability of the power system to absorb disturbances to maintain a secure operating state. It is used to bridge the
gap between reliability and resilience needs in the system and overall planning objectives. Typically, system tie-lines
allow for the operational flexibility to maintain service during unplanned equipment outages, during planned
maintenance and construction activities, and to pre-emptively transfer load to avoid loss of service to affected
customers. System tie-lines may effectively supplement transformation capacity by allowing the transfer of load to
adjacent systems.
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from the Valley South System to the new Alberhill System and to create 115 kV system tie-lines
between the two systems.

Valley North & Valley South
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115 KV Substation
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Valley South 115 kV System
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Figure 1-1. Valley Substation Service Areas®

SCE subsequently submitted an application to the CPUC seeking a Certificate of Public Convenience and
Necessity (CPCN). During the final stage of the ASP proceeding, the CPUC directed SCE to provide

3 valley-Ivyglen and VSSP projects included [12]
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additional analyses to justify the peak demand forecasts and reliability cases in support of justifying the
project. The CPUC also directed SCE to provide a comparison of the proposed ASP to other potential
system alternatives that may satisfy the stated project needs; these included, but were not limited to,
energy storage, demand response, and distributed energy resources (DERs).

1.2  Scope of Work

Quanta Technology supported SCE in supplementing the existing record in the CPUC proceeding for the
ASP with additional analyses including a forecast using industry-accepted methods of load forecast and
additional alternatives including DERs to address any system needs established by the load forecasts to
provide the necessary facilities to meet the capacity and reliability needs of the Valley South 500/115 kV
system. The key scope items of the Quanta Technology analysis are detailed below:

1. Apply a rigorous, quantitative, data-driven approach to comprehensively present the business case
justifying the appropriate project solution. The business case justification included a BCA of the
alternatives considered based on the forecasted improvements in service reliability performance of
the Valley South System. To this effect, Quanta Technology developed a load forecast for the Valley
South System planning area using industry-accepted methods for estimating load growth and
incorporating load-reduction programs due to energy efficiency, demand response, and behind-the-
meter generation. Quanta Technology’s forecasting exercise was developed independently of SCE’s
current forecasting methodology and practices; however, both SCE’s and Quanta Technology’s
analysis incorporated the California Energy Commission’s (CEC’s) Integrated Energy Policy Report
(IEPR) forecasts for the first 10 years through 2028.

2. Using power flow simulations and a quantitative review of project data, the forecasted impact of the
proposed ASP on service reliability performance was estimated.

3. Identification of capital investments or operational changes to address reliability issues in the absence
of construction of the proposed ASP or any other major projects requiring CPUC approval, along with
the associated costs for such actions.

4. BCA of several system alternatives (including the proposed ASP, alternative substations and line
configurations, energy storage, DER, demand response, and other smart-grid solutions or
combinations thereof) for enhancing reliability and providing the required additional capacity.

The primary component of this work statement was to identify a number of system alternatives (e.g.,
alternative substation and line configurations, energy storage, DER, demand response, other smart-grid
solutions, or combinations thereof [hybrid projects]) to satisfy the peak-demand load projections and
reliability needs over a 30-year planning horizon. This was followed by a system analysis using a data-
driven quantitative assessment of project performance, coupled with BCA of the proposed project and
several of these alternatives, to allow objective comparison of their costs and benefits. Additionally, all
system alternative designs were developed to satisfy the following project objectives” as stipulated by the
project proceedings:

4 For purposes of alternatives analysis SCE directed Quanta to refer to the original project objectives identified by
SCE in its Proponents Environmental Assessment (PEA) that was filed with SCE’s application because the project
objectives as listed in the Final Environmental Impact Report (FEIR) identified that a solution must include a new
500/115 kV substation. During the ASP proceeding, the CPUC directing SCE to evaluate additional alternatives that...
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1. Serve current and long-term projected electrical demand requirements in the SCE ENA.

Increase system operational flexibility and maintain system reliability (e.g., by creating system tie-
lines that establish the ability to transfer substations located in the Valley South System).

3. Transfer a sufficient amount of electrical demand from the Valley South System to maintain a positive
reserve capacity through the 10-year planning horizon.

4. Provide safe and reliable electrical service consistent with the SCE’s Subtransmission Planning Criteria
and Guidelines.

5. Increase electrical system reliability by constructing a project in a location suitable to serve the SCE
ENA (i.e., the area served by the existing Valley South System).

6. Meet project needs while minimizing environmental impacts.
7. Meet project needs in a cost-effective manner.

1.3 Methodology

In order to accomplish the scope of this project, the following tasks were employed to meet the overall
objectives of this effort:

e Task 1: Detailed Project Planning

e Task 2: Development of Load Forecast for the Valley South System
e Task 3: Reliability Assessment of ASP

e Task 4: Screening and Reliability Assessment of Alternatives

e Task 5: Benefit-Cost Analysis

The objective of each of the project tasks is detailed in the following subsections.

1.3.1 Task 1: Detailed Project Planning

The objective of this task was to develop a detailed and structured work plan that includes a description
of the proposed load-forecasting methodology, overall study process, data needs, interim deliverables,
and timeline of activities to meet the project deliverables. The key outcomes of this task were to review
and finalize assumptions, methodology, metrics, and overall approach for the following key aspects of the
project:

e Load forecasting methodology

e Data-driven, quantitative reliability metrics

e Reliability assessment and benefit-cost framework

e Adetailed project plan including interim deliverables and schedule

..included DERs. To comprehensively perform this analysis would have been necessarily constrained by the project
objectives as stated in the FEIR, thus reverting back to SCE’s project objectives in its PEA (which did not specify a
solution as requiring a new 500/115 kV substation) was most suitable to perform the required alternatives analysis.
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1.3.2 Task 2: Development of Load Forecast for the Valley South System

The objective of this task was to develop a baseline load forecast representative of the 10-year horizon
and a long-term forecast to account for the 30-year horizon. Forecasts have been developed for Valley
North and Valley South Systems. The long-term forecasts are developed accounting for varying projections
around energy efficiency, demand response, and behind-the-meter aggregations.

1.3.3 Task 3: Reliability Assessment of ASP

The objective of this task was to introduce the reliability assessment framework while describing the tools,
formulation, and overall methodology. The proposed performance metrics are introduced, and their
applicability has been described. Subsequently, the reliability framework was applied to the ASP and the
overall project performance was evaluated.

1.3.4 Task 4: Screening and Reliability Assessment of Alternatives

The objective of this task was to analyze alternative projects (and their operational considerations) being
considered to address the reliability needs in the absence of the ASP. Through a screening process, the
selected set of alternative projects are evaluated using the reliability framework to quantify their
performance.

1.3.5 Task 5: Benefit-Cost Analysis

The objective of this task was to perform a BCA of the ASP along with the list of system alternatives from
Task 4. This analysis intended to compare the project alternatives using the quantitative reliability metrics
developed in Task 1 along with rigorous cost and risk analysis that will be required to justify the business
case of each alternative for meeting the load growth and reliability needs of the Valley South System.

1.4 Report Organization

This report has been organized consistent with the tasks outlined in Section 1.3. The report has been
separated into several sections that individually address each task item. The intent of this breakdown is
to capture, in detail, the essential elements of the reliability and benefit-cost framework.

In Section 2 of this report, the long-term spatial load forecast is discussed. This section is complementary
to Quanta Technology’s load forecast report [1], which focused on the near-term load forecast and

describes the technical details behind the spatial load forecasting methodology.

Section 3 of this report presents the overall framework for reliability and benefit-cost evaluation. This
highlights the study methodology, assumptions, and describes key processes involved in the analysis.

In Sections 4 and 5, the reliability evaluation framework is applied to the ASP and selected alternatives.
Each of the forecasts developed in Task 2 is applied to evaluate the alternative’s performance.

Section 6 presents the results from the BCA and deterministic risk assessment.
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Section 7 presents the report conclusions and is followed by applicable references (Section 8) and an
appendix (Section 9) that provides the N-2 probabilities associated with circuits that share a common
tower structures.
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2 LONG-TERM SPATIAL LOAD FORECAST

The spatial load forecast for the Valley North and Valley South Systems of the greater SCE system was
developed for a long-term period of 30 years, covering from 2019 to 2048. The horizon year of 2048
assumed all general plan land use maps for Valley North and Valley South communities are designed for
the 30-year horizon. Forecast results up to the year 2028 were presented in a separate report [1]. This
forecast was constructed from a baseload forecast and incorporated DER development according to CEC's
2018 IEPR [2] and SCE’s dependable photovoltaic (PV) disaggregation. The result was a disaggregated
effective PV forecast that expanded the 10-year PV forecast for the Valley North and Valley South regions
to the 30-year timeframe. This section describes the methodology used to develop the additional 20 years
of the load forecast (2029—2048) and considers three DER development scenarios.

2.1 Base spatial load forecast

The spatial load forecasting method developed by Quanta Technology was presented in [1], where base
forecast results were shown up to the year 2028. This spatial forecast methodology is based on a 30-year
horizon year,® and results were obtained for the entire period.

These forecast results are representative of the natural load growth resulting from incremental use of
electricity by existing customers and new customer additions as indicated by future land use plans. The
sum of these two factors provides the base spatial forecast that does not include the effects of future DER
developments. Embedded within these results are the current levels of DER adoption observed by the
base forecast. The results are summarized in Table 2-1. Further details on the spatial load forecast
methodology, can be found in [1].

Table 2-1. Base Spatial Load Forecast without Additional Impacts of Future DER

Spatial Valley South Spatial Valley North
(No added DER) (No added DER)
[MVA] [MVA]
2018 1068 769
2019 1092 787
2020 1116 804
2021 1142 825
2022 1162 845
2023 1181 857
2024 1193 866
2025 1205 874

5 The 30-year horizon year was selected as a typical long-term planning range that allows accommodating such things
as the time required for regulatory licensing and permitting activities as well as lead times and financial budgeting
for utility equipment and construction as required.
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Spatial Valley South Spatial Valley North

Year (No added DER) (No added DER)

[MVA] [MVA]
2026 1217 882
2027 1229 893
2028 1242 904
2029 1254 915
2030 1267 925
2031 1280 938
2032 1293 950
2033 1306 963
2034 1319 975
2035 1331 989
2036 1344 1002
2037 1356 1015
2038 1369 1029
2039 1380 1042
2040 1392 1055
2041 1404 1068
2042 1415 1081
2043 1425 1093
2044 1436 1105
2045 1446 1117
2046 1456 1129
2047 1465 1140
2048 1474 1150

2.2 DER Development from 2019 to 2028

Based on IEPR 2018, SCE provided disaggregated DER forecasts to the level of the Valley South and Valley
North systems. These DER forecasts covered from 2019 to 2028 and included additional achievable energy
efficiency (AAEE), additional achievable photovoltaic (AAPV), electric vehicles (EVs), energy storage, and
load modifying demand response (LMDR) categories.
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2.2.1 AAPV Disaggregation

For AAPV, SCE provided two scenarios: 1) SCE Effective PV and 2) PVWatts. The final load forecast
presented in [1] considers the SCE Effective PV scenario as the most likely scenario during the period from
2019 to 2028. AAPV values based on the SCE Effective PV forecast and AAPV values based on PVWatts
impacts on peak load reduction are shown in Table 2-2.

Table 2-2. Disaggregated Forecasted Peak Modifying AAPV from 2019 to 2028

B PP T T T T Y T

AAPV SCE Effective PV -4.9

Valley

North AAPV PVWatts 77 76 76 75 74 68 62 -58 56  -43
Valley AAPVSCEEffectivePV 57 50 42 34 30 28 27 24 21 19
South AAPV PVWatts 89 87 86 -84 78 70 70 63 56  -48

2.2.2 Disaggregation of Other DER Categories

Based on the 2018 IEPR, SCE also provided disaggregated DER forecasts for AAEE, EVs, energy storage,
and LMDR categories. The forecasted peak-modifying amounts of DER are shown in Table 2-3.

Table 2-3. Disaggregated Forecasted Peak-Modifying DER from 2019 to 2028

DER Type
2019 2021 2027
. (units in MVA) .m.ﬂﬂmﬂm.n

Electric Vehicle

Valley AAEE 23 21 26 28 32 29 -28 27  -28  -29
North  Energy Storage 05 01 01 02 02 02 -01 -01 -01 -01
LMDR 0.0 -0.5 0.0 01  -02 01  -01 0.0 0.0 0.0

Electric Vehicle 08 0.9 0.8 0.6 0.7 0.6 06 0.4 0.4 0.4

Valley AAEE 34 29 36 26 30 28 27 -25 26  -28
South  Energy Storage 140 01 02 02 02 01 -01 01 -01 -0.1
LMDR 06 1.4 00 02 02 01 -01 0.0 0.0 0.0

2.3  Forecasted DER Development 2029-2048

In order to obtain a long-term spatial forecast that considers the impacts of DERs, it is necessary to have
DER forecasts that extend to the year 2048. The estimation of DER from the year 2029 until the year 2048
has been performed as described in the following subsections.
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2.3.1 AAPV Growth from 2029 to 2048

Growth rates of generation forecasts for solar and rooftop PV have been taken from the California
PATHWAYS model [3], on its CEC 2050 scenario. The same yearly growth rates for the state of California
have been applied to the AAPV forecasts of Table 2-2, starting from the year 2029, to generate an
estimation of the AAPV in the Valley South and Valley North Systems up to the year 2048. The estimated
AAPV at the Valley South and Valley North system level for the AAPV Effective PV and the AAPV PVWatts
scenarios are shown in Table 2-4 and Table 2-5.

Table 2-4. California (CA) PATHWAYS CEC 2050 Case for the Solar Generation [MVA],
and Estimated AAPV SCE Effective PV (in MVA) at Valley South and Valley North

__DER _[2028]2029]2030] 2031{2032] 2033] 2034 2035] 2036 2037] 2038 2039] 2040 2041] 2042] 2043] 2044 2045] 2046{ 2047] 2048

CASolar 75.7 80.6 86 92.1 958 100 105 111 117 124 132 139 146 152 157 162 167 172 176 179 183
CAPV 299 33 36.4 375 38.6 39.7 40.8 419 429 44 451 46.2 473 483 494 505 51.6 52.7 53.8 54.8 55.9
CATotal 106 114 122 130 134 140 146 153 160 168 177 185 193 200 207 213 219 225 230 234 239
AAPV
Vvalley -29 -2.7 -25 -23 -22 -21 -21 -2 -19 -18 -17 -16 -15 -15 -14 -14 -13 -13 -13 -13 -1.2
North
AAPV
valley -19 -18 -16 -15 -15 -14 -14 -13 -12 -12 -11 -11 -1 -1 -09 -09 -09 -09 -08 -08 -0.8
South

Table 2-5. California (CA) PATHWAYS CEC 2050 Case for the Solar Generation [MVA],
and Estimated AAPV PVWatts (in MVA) at Valley South and Valley North

| DEr _[2028]2029]2030] 2031] 2032| 2033] 2034[ 2035] 2036{ 2037] 2038] 2039] 2040] 2041] 2042] 2043] 2044] 2045{ 2046] 2047{ 2048]
CASolar 75.7 80.6 86 92.1 958 100 105 111 118 124 132 139 146 152 157 162 167 172 176 180 183

CAPV 299 33 365 375 386 39.7 40.8 419 429 44 451 46.2 473 484 494 505 516 527 53.8 548 559
CATotal 106 114 123 130 134 140 146 153 160 168 177 185 193 200 207 213 219 225 230 234 239

AAPV

Valley 43 -4 -36 -34 -33 -32 -3 29 -27 26 -25 -24 23 22 21 -2 -2 -19 -19 -19 -18

North

AAPV

Valley -48 -45 -41 -39 -37 -36 -34 -33 -31 -3 -28 -2.7 -26 -25 -24 -23 -22 -22 -21 -21 -21
South

As a third scenario for AAPV growth after 2028, a compound annual growth rate (CAGR) of 3% was used
as a reasonable expectation for future AAPV after the year 2028. This is based on CEC IEPR PV forecast
observations that around 2022 the natural adoption of PV starts to show plateau. The additional growth
from zero net energy or new home installations is expected to be relatively flat for every year. That means
it will not generate higher growth rates for PV forecast in the longer term. The reasonable growth rate for
the disaggregated PV forecast going beyond 2028 is about -3%. The resulting estimations of peak reducing
capabilities are shown in Table 2-6.
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Table 2-6. Estimated AAPV PVWatts (in MVA) at Valley South and Valley North a -3% CAGR
| DER | 2028[2029] 2030] 2031] 2032{ 2033] 2034] 2035{ 2036] 2037] 2038] 2039] 2040] 2041] 2042] 2043] 2044] 2045] 2046] 2047] 2043]
AAPV
Valley 29 -28 -27 -26 -26 -25 24 23 -23 22 21 21 -2 -2 -19 -18 -18 -17 -17 -1.6 -16
North
AAPV

valley -19 -19 -18 -17 -17 -16 -16 -15 -15 -15 -14 -14 -13 -13 -12 -12 -12 -11 -11 -11 -1
South

Figure 2-1 and Figure 2-2 show the AAPV forecasted growth scenarios for Valley South and Valley North,
respectively.

AAPV Valley South
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Figure 2-1. AAPV Forecasted Growth Scenarios for Valley South
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2.3.2 EV Growth from 2029 to 2048

The EV disaggregated forecast of Table 2-3 was extended until the year 2048 by using growth rates of
subsector electric demands for light-duty vehicles, taken from the California PATHWAYS model, on its CEC
2050 scenario. The same yearly growth rates for the state of California have been applied to the EV
forecast of Table 2-3, starting from the year 2028. The estimated EV load at the Valley South and the
Valley North System are shown in Table 2-7.

Table 2-7. California PATHWAYS CEC 2050 Case for the Light EV Load (in MVA),
and Estimated EV [MVA] at Valley South and Valley North

|_DER | 2028]2029] 2030] 2031] 2032{ 2033 2034] 2035 2036] 2037] 2038] 2039} 2040] 2041f 2042] 2043] 2044] 2045] 2046{ 2047] 2048

CAEV 10.1 11.8 14 16.5 19.4 225 255 283 30.8 33.2 355 375 394 413 43 445 458 469 47.7 48.4 4838
EV Valley
North
EV Valley
South

0.28 0.32 038 045 0.53 0.62 0.7 0.78 0.85 091 097 1.03 1.08 1.13 1.18 1.22 1.26 1.29 131 133 134

043 05 06 0.7 083 096 109 12 131 142 151 16 168 176 183 19 195 2 2.03 2.06 2.08

Figure 2-3 and Figure 2-4 show the forecasted amounts of peak-enhancing electric vehicle loads for Valley
South and Valley North.
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Figure 2-3. EV Forecasted Growth for Valley South
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Electric Vehicle Valley North

1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00

Peak Increase [MVA]

2019
2021
2023
2025
2027
2029
2031
2033
2035
2037
2039
2041
2043
2045
2047

Year

Figure 2-4. EV Forecasted Growth for Valley North

2.3.3 Energy Efficiency Growth from 2029 to 2048

The energy efficiency disaggregated forecast of Table 2-3 was extended until the year 2048 based on the
criteria that after 2028 the load reductions in energy efficiency are expected to be close to 21% of the
forecasted load growth of each year. Additionally, it is considered that energy efficiency load reductions
will predominantly take place in residential loads, which are approximately 40% of the Valley South system
load and approximately 36% of the Valley North System load. The resulting extended forecast for energy
efficiency is shown in Table 2-8.

Table 2-8. Estimated Growth of Peak-Reducing Energy Efficiency at Valley South and Valley North (in MVA)

| ]2029]2030] 2031] 2032{2033] 2034] 2035] 2036] 2037/ 2038] 2039] 2040] 2041 2042 2043] 2044{ 2045] 2046{ 2047 2045

EEValley ;¢ 09 09 09 09 -1 4 4 1 1 -4 -4 -1 -09 09 -09 -09 -08 08 -08
North

EE\;Z"‘:I‘: ST ST ) IS Y ) I Y IRSTINTY NG Y I) R BGIS WNOI0) WNGI WEGIC| WO WSO G
u

Figure 2-5 and Figure 2-6 show the forecasted amounts of peak-reducing Energy Efficiency effect for Valley
South and Valley North.
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Energy Efficiency Valley South
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Figure 2-5. Energy Efficiency Forecasted Growth for Valley South
Energy Efficiency Valley North
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Figure 2-6. Energy Efficiency Forecasted Growth for Valley North

2.3.4 Energy Storage Growth from 2029 to 2048

SCE provided an energy storage outlook for the entire SCE service territory. This outlook estimated an
approximated total of 4,300 MVA of energy storage by the year 2048. By SCE criteria, it was estimated
that 60% of this storage would be associated with residential customers, of which approximately 5%
would be located in the Valley South System and approximately 20% of it would have a peak reduction
effect. These considerations lead to an estimated peak-reducing amount of cumulated energy storage of
26 MVA (or an additional 23.6 MVA after 2028) by 2048 for the Valley South System. Similar considerations
lead to additional cumulated 15.5 MVA of peak reducing energy storage for the Valley North System.

A CAGR of energy storage was identified for each area (Valley North and Valley South) so that the year
2048 estimated values were achieved. The resulting CAGR for the Valley South system is 17.98%, and the
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same for Valley North is 14.39%. Table 2-9 summarizes the resulting estimated peak-reducing amounts of
energy storage for the Valley South and Valley North Systems.

Table 2-9 Estimated Growth of Peak-Reducing Energy Storage at Valley South and Valley North (in MVA)

| [2029]2030[2031] 2032 2033] 2034] 2035] 2036] 2037] 2038] 2039] 2040] 2041f 2042] 2043] 2044f 2045] 2046 2047] 2023]

Storage
Valley -0.2 -02 -02 -02 -03 -03 -04 -04 -05 -05 -06 -07 -08 -09 -11 -12 -14 -16 -18 -21
North

Storage
Valley -0.2 -02 -02 -03 -03 -04 -04 -05 -06 -0.7 -038 -1 12 -14 -16 -19 -23 -27 -32 -37
South

Figure 2-7. and Figure 2-8 show the forecasted amounts of peak-reducing Energy Storage effect for the
Valley South and Valley North Systems.

Energy Storage Valley South
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Figure 2-7. Energy Storage Forecasted Growth for Valley South
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Energy Storage Valley North
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Figure 2-8. Energy Storage Forecasted Growth for Valley North

2.3.5 Demand Response Growth from 2029 to 2048

According to the demand response trends extracted from Table 2-3, the effects of demand response were
considered negligible after the year 2028.

2.4 Valley South and Valley North Long-Term Forecast Results

The peak modifying effects for future DER discussed in the previous sections were aggregated and applied
to the base spatial load forecast of Section 2.1 to develop long-term load forecast results for Valley South
and Valley North. The resulting forecast scenarios are summarized in Table 2-10 and Figure 2-9 for the
Valley South system and in Table 2-11 and Figure 2-10 for the Valley North System.

Table 2-10. Final Results of the Spatial Forecast for Valley South,
Considering Three AAPV Growth Alternatives after the Year 2028

Spatial Valley South Spatial Forecast AAPV Spatial Forecast AAPV Spatial Forecast

(no added DER) SCE’s Effective PV PVWatts Scenario AAPV -3% CAGR
[MVA] Scenario [MVA] [MVA] [MVA]
2018 1068 1068 1068 1068
2019 1092 1083 1083 1083
2020 1116 1099 1099 1099
2021 1142 1118 1118 1118
2022 1162 1132 1132 1132
2023 1181 1146 1146 1146
2024 1193 1152 1152 1152
2025 1205 1159 1159 1159
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Spatial Valley South Spatial Forecast AAPV Spatial Forecast AAPV Spatial Forecast

(no added DER) SCE’s Effective PV PVWatts Scenario AAPV -3% CAGR

[MVA] Scenario [MVA] [MVA] [MVA]
2026 1217 1166 1166 1166
2027 1229 1174 1174 1174
2028 1242 1183 1183 1183
2029 1254 1193 1177 1193
2030 1267 1203 1172 1203
2031 1280 1214 1166 1213
2032 1293 1225 1175 1224
2033 1306 1236 1184 1235
2034 1319 1247 1193 1246
2035 1331 1258 1202 1257
2036 1344 1269 1211 1267
2037 1356 1280 1221 1278
2038 1369 1291 1230 1289
2039 1380 1302 1239 1299
2040 1392 1312 1248 1309
2041 1404 1322 1256 1319
2042 1415 1333 1265 1329
2043 1425 1341 1272 1337
2044 1436 1350 1280 1346
2045 1446 1358 1287 1354
2046 1456 1366 1293 1361
2047 1465 1372 1298 1367
2048 1474 1378 1302 1373
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Valley South Forecast
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Figure 2-9. Final Results of the Spatial Forecast for Valley South,
Considering Three AAPV Growth Alternatives after the Year 2028

Table 2-11. Final Results of the Spatial Forecast for Valley North,
Considering Three AAPV Growth Alternatives after the Year 2028

Spatial Valley North Spatial Forecast Spatial Forecast Spatial Forecast
(No added DER) AAPV SCE’s Effective AAPV PVWatts Scenario AAPV -3% CAGR
[MVA] PV Scenario [MVA] [MVA] [MVA]
2018 769 769 769 769
2019 787 779 779 779
2020 804 789 789 789
2021 825 803 803 803
2022 845 816 816 816
2023 857 820 820 820
2024 866 821 821 821
2025 874 823 823 823
2026 882 825 825 825
2027 893 829 829 829
2028 904 834 834 834
2029 915 842 834 842
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Spatial Valley North Spatial Forecast Spatial Forecast Spatial Forecast
(No added DER) AAPV SCE’s Effective | AAPV PVWatts Scenario AAPV -3% CAGR
[MVA] PV Scenario [MVA] [MVA] [MVA]
2030 925 849 833 849
2031 938 859 832 858
2032 950 868 840 867
2033 963 878 849 877
2034 975 888 858 886
2035 989 899 868 897
2036 1002 910 878 907
2037 1015 921 888 918
2038 1029 932 898 928
2039 1042 943 908 939
2040 1055 954 919 949
2041 1068 964 929 960
2042 1081 975 939 970
2043 1093 985 948 980
2044 1105 995 958 989
2045 1117 1005 967 998
2046 1129 1015 976 1008
2047 1140 1023 983 1015
2048 1150 1031 991 1023
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Valley North Forecast
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Figure 2-10. Final Results of the Spatial Forecast for Valley North,
Considering Three AAPV Growth Alternatives after the Year 2028
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3 RELIABILITY ASSESSMENT AND BENEFIT-COST FRAMEWORK

3.1 Introduction

The objective of this framework is to facilitate the evaluation of project performance and benefits relative
to the baseline scenario (i.e., no project in service). The projects under consideration include the ASP and
proposed alternatives discussed further in Sections 4 and5. Within the framework of this analysis,
reliability, capacity, operational flexibility, and resilience benefits have been quantified.

In order to successfully evaluate the benefit of a potential project in the Valley South System, the project’s
performance must be effectively translated into quantitative metrics. These metrics serve the following

purposes:

1. To provide a refined view of the future evolution of the Valley South System reliability performance
2. To compare project performance to the baseline scenario (no project in service)

3. To establish a basis to value the performance of projects against overall objectives

4. To take into consideration the benefits or impacts of operational flexibility and resilience (high-impact

low-probability events [HILP])

5. To compare and provide guidance for comparing the relative performance of each alternative as
compared to others.

Within the scope of the developed metrics, the key project objectives presented earlier, are categorized
and reviewed as follows:

e Capacity
= Serve current and long-term projected electrical demand requirements in the SCE ENA.

= Transfer a sufficient amount of electrical demand from the Valley South System to maintain a
positive reserve capacity on the Valley South System through not only the 10-year planning
horizon but also that of a longer-term horizon that identifies needs beyond 10 years, which would
allow for an appropriate comparison of alternatives that have different useful lifespan horizons.

o Reliability
= Provide safe and reliable electrical service consistent with the SCE Subtransmission Planning
Criteria and Guidelines.

= |Increase electrical system reliability by constructing a project in a location suitable to serve the
ENA (i.e., the area served by the existing Valley South System).

e Operational Flexibility and Resilience
= |Increase system operational flexibility and maintain system reliability (e.g., by creating system tie-
lines that establish the ability to transfer substations from the current Valley South System and to
address system operational capacity needs under normal and contingency (N-1) conditions.
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3.2  Reliability Framework and Study Assumptions

In order to develop a framework to effectively evaluate the performance of a project, the overall study
methodology was broken down into the following elements:

Develop metrics to establish project performance
Quantify the project performance using commercial power flow software
Establish a platform to evaluate monetized and non-monetized project benefits

il N

Utilize tools such as benefit-to-cost ratio, incremental BCA, and S/unit benefit to substantiate
alternative selection and conclusions.

Each of the above areas is further detailed throughout this section.

3.2.1 Study Inputs

SCE provided Quanta Technology with information pertinent to the Valley South, Valley North, and the
proposed ASP systems. This information encompassed the following data:

1. GE PSLF power flow models for Valley South and Valley North Systems:
a. 2018 system configuration (current system)
b. 2021 system configuration (Valley—lIvyglen [4] and VSSP [5] projects modeled and included)
c. 2022 system configuration (with the ASP in service)

2. Substation layout diagrams representing the Valley Substation

3. Impedance drawings for the Valley South and Valley North Systems depicting the line ratings and
configurations
Single-line diagram of the Valley South and Valley North Systems

5. Contingency processor tools to develop relevant study contingencies to be considered for each system
configuration

6. 8,760 load shape of the Valley South System

7. Advanced metering infrastructure (AMI) data for metered customers in the Valley South and Valley

North Systems with circuit and substation association, annual consumption amount, and peak
demand use

The reliability assessment utilizes the load forecasts developed for Valley South and Valley North System
service territories to evaluate the performance of the system for future planning horizons. The developed
forecasts are detailed in Section 2 of this report. The primary forecasts under consideration for reliability
analysis are the Effective PV (§2.4) along with associated sensitivities, the Spatial Base Forecast (§2.4), and
PVWatts (§2.4). The Effective PV forecast is expected to most closely resemble the levels of growth
anticipated in the Valley South System. The developed forecasts take into consideration the variabilities
in future developments of PV, EV, energy efficiency, energy storage, and LMDR.

The load forecasts for Valley South are presented in Figure 3-1, which demonstrate system deficiency in
(need) year 2022 (Effective PV and PVWatts) and 2021 (Spatial Base), where the loading on the Valley
South transformers exceed maximum operating limits (1,120 MVA). Figure 3-2, presents the
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representative load forecast for Valley North where the loading on the Valley North transformers exceed
maximum operating limits (1,120 MVA) by 2045 in the Spatial Base forecast.

Benefits begin to accrue coincident with the project need year. For purposes of this assessment, it is

assumed that the project will be in service by this year, and benefits accrue from the need year to the end
of the 10-year horizon (2028) and the 30-year horizon (2048).

Valley South Forecast
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Figure 3-1. Valley South Load Forecast (Peak)
Valley North Forecast
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Figure 3-2. Valley North Load Forecast (Peak)
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System configuration for the years 2018 (current), 2021, and 2022 are depicted in Figure 3-3 through

Figure 3-5.
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Figure 3-3. Valley South System Current Configuration (2018)
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Figure 3-4. Valley South System Configuration (2021)
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Figure 3-5. Valley South System Configuration (2022 with ASP in-service)
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The load shape of the year 2016 was selected for this study. This selection was made because it
demonstrated the largest variability among available records.® This load shape is presented in Figure 3-6.

Valley South 2016 Load Profile
Original
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100

MVA

0 876 1752 2628 3504 4380 5256 6132 7008 7884 8760

Hour of year

Figure 3-6. Load Shape of the Valley South System

3.2.2 Study Criteria

The following guidelines have been used through the course of this analysis to ensure consistency with
SCE planning practices:

o The study and planning of projects adhered to SCE’s Subtransmission Planning Criteria and Guidelines.
Where applicable, North American Electric Reliability Corporation (NERC) and Western Electricity
Coordinating Council (WECC) standards were referenced when considering any potential impacts on
the BES and the non-radial parts of the system under CAISO control.

e Transformer overload criteria established per SCE Subtransmission Planning Criteria and Guidelines
for AA banks have been utilized.

e Thermal limits (i.e., ampacity) of conductors are maintained for N-0 and N-1 conditions.
e Voltage limits of 0.95—1.05 per unit under N-0 and N-1 operating configurations.
e Voltage deviation within established limits of 5% post contingency.

3.2.3 Reliability Study Tools and Application

A combination of power flow simulation tools has been utilized for this analysis, such as General Electric’s
Positive Sequence Load Flow (PSLF) and PowerGem TARA. PSLF has been used for base-case model

5 Note that the load shapes of years 2017 and 2018 were skewed due to the use of the AA-bank spare transformers
as overload mitigation. Therefore, the load shape for year 2016 was adopted. Its shape is representative only and
does not change among years.
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development, conditioning, contingency development, and system diagram capabilities. TARA has been
used to perform time-series power-flow analysis.

Time-series power-flow analysis is typically used in distribution system analysis to assess variation of
guantities over time with changes in load, generation, power-line status, etc. It is now finding common
application in transmission system analysis, especially when the system under study is not heavily meshed
(radial in nature).

In this analysis, the peak load MVA of the load shape has been adjusted (scaled) to reflect the peak
demand for each future year under study. This is represented by Figure 3-7 for the Valley South System
as an example. The MVA peak load is then distributed amongst the various distribution substations in the
Valley South System in proportion to their ratio of peak load to that of the entire Valley South System in
the base case. Distribution substations under consideration in this analysis of the Valley South and Valley
North Systems are listed in Table 3-1.

Valley South 2048 Load Profile

Scaled
1600
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S s00
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Hour of year
Figure 3-7. Scaled Valley South Load Shape Representative of Study Years
Table 3-1. Distribution Substation Load Buses
Valley South Valley North
Auld Alessandro
Elsinore Bunker
Fogarty Cajalco
Ivyglen ESRP_MWD
Moraga Karma
Newcomb Lakeview
Pechanga Mayberry
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Valley South Valley North

Pauba Moreno
Skylark Moval
Stadler Nelson

Stent Stetson
Sun City
Tenaja
Triton

Hourly study (8,760 simulations per year) was conducted in selected years (5-year period) starting from
the year 2022 or 2021 where transformer capacity need exceeds its operating limit. The results for the
years in between were interpolated. At each simulation, the alternating current (AC) power-flow solution
was solved, relevant equipment was monitored under N-O conditions (using equipment ratings under
normal conditions) and N-1 conditions (using equipment ratings under emergency conditions), potential
reliability violations were recorded, and performance reliability metrics (as described in Section 3.2.4)
were calculated. A flowchart of the overall study process is presented in Figure 3-8.

Unless otherwise specified, all calculations performed under reliability analysis compute the load at risk
in MW or MWh, which is not a probability-weighted metric.

The N-1 contingency has been evaluated for every hour of the 8,760 simulations, and the outages were
considered to occur with an equal probability. The contingencies were generated using the SCE
contingency processor tool for the Valley South System. This tool generates single-circuit outages for all
subtransmission lines within the system. Whenever an overload or voltage violation was observed, the
binding constraint was applied to compute relevant reliability metric(s). When the project under
evaluation has system tie-lines that can be leveraged, tie-lines were engaged to minimize system impacts.
The losses are monitored every hour and aggregated across the existing and new transmission lines in the
service area.
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Figure 3-8. Flowchart of Reliability Assessment Process

Several operational flexibility metrics were developed to evaluate the incremental benefits of system tie-
lines under emergency including planned and unplanned outages and HILP events in the Valley South
System.

Flexibility Metric 1 evaluates the system under N-2 (common pole double-circuit outages) addressing
combinations of two transmission lines out of service. The contingencies were generated using the SCE
contingency processor tool for the Valley South System. This tool generates double-circuit outages for all
sub-transmission lines that share a common tower or right-of-way. The objective of this metric is to gauge
the incremental benefits that projects provide for events that would traditionally result in unserved
energy in the Valley South System. The flow chart in Figure 3-9 presents the overall process. The analysis
is initiated taking into consideration the peak loading day (24-hour duration) for a year and applying the
N-2 contingencies at each hour. Whenever an overload or voltage violation was observed, the binding
constraint is used to determine the MWh load at risk (LAR) and to calculate the weighted amount using
the associated contingency probabilities. The probability-weighted MWh is representative of the
expected energy not served (EENS). The contingency probabilities were derived from a review of the
historic outage data in the timeframe from 2005 to 2018 in the SCE system. The results for the peak day
were compared against the baseline system and utilized as the common denominator to scale other days
of the year for aggregation into the flexibility metric. During the analysis, it was observed that the system
is vulnerable to N-2 events at load levels greater than 900 MW. This also corresponds to the Valley South
operating limit wherein the spare transformer is switched into service to maintain transformer N-1
security. Thus, for purposes of scaling, only days with peak load greater than 900 MW were selected where
there is a potential for LAR to accumulate in the system. When the project under evaluation has tie-lines,
they are used to minimize system impacts.
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Figure 3-9. Flowchart of Flexibility Metric 1 (Flex-1) Calculation Process

Flexibility Metric 2 evaluates the project performance under HILP events in the Valley South System.
This has been broken down into two components that consider different events impacting Valley South
ENA. Both components utilize a combination of power flow and load profile analysis to determine the

amount of LAR.
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Flexibility Metric 2-1 evaluates the impact of the entire Valley Substation out of service, wherein all
the load served by Valley Substation is at risk. Considering a 2-week event (assumed substation outage
duration to fully recover from an event of this magnitude), the average amount of LAR is determined.
Utilizing power-flow simulations to evaluate the maximum load that can be transferred by projects
using system ties, the amount of load that can be recovered is estimated.

Flexibility Metric 2-2 evaluates a condition wherein the Valley South ENA is served by a single
transformer (i.e., two load-serving transformers at Valley Substation are out of service). This scenario
is a result of a catastrophic failure (e.g. fire or explosion) of one of the two transformers, and causing
collateral damage to the adjacent transformer, rendering both transformers unavailable. Under these
conditions, the spare transformer is used to serve a portion of the load. Utilizing the 8,760-load shape
and the transformer short-term emergency loading limits (STELL) and long-term emergency loading
limits (LTELL), the average amount of MWh over a 2-week duration LAR is estimated and aggregated
(“mean time to repair” under major failures). The analysis accounts for the incremental relief offered
by solutions with permanent and temporary load transfer using system ties.

4 Reliability Metrics

Prior to introducing reliability metrics, key elements of the overall project objectives must be outlined to
provide direction and to guide further analysis. The following key concepts are revisited using applicable
NERC guidelines and standards for the BES.

Reliability has been measured with reference to equipment rating (thermal overload) and voltage
magnitude (low voltages).

Capacity represents the need to have adequate resources to ensure that the electricity demand can
be met without service outages. Capacity is evaluated under normal and emergency system
conditions and under normal and heat storm weather conditions (included in load forecast).

Operational flexibility is considered as adequate electrical connections to adjacent electrical systems
to address an emergency, maintenance, or planned outage condition. Therefore, it is expected to
operate the system radially and to accommodate flexibility by employing normally open system tie-
lines.

Resilience has been viewed as an extension of the flexibility benefits, wherein system tie-lines are
leveraged to recover load under HILP events.

Building on the overall project objectives, the following reliability metrics have been established to
address the reliability, capacity, flexibility, and resilience needs of the system:

Load at Risk (LAR)
a. This is quantified by the amount of MWh at risk from each of the following elements:

i. For each thermal overload, the MW amount to be curtailed to reduce loading below
equipment ratings. This includes both transformers and power lines serving the Valley South
system.

ii. Forvoltage violations, the MW amount of load to be dropped based on the voltage sensitivity
of the bus to bring the voltage to within established operating limits. The sensitivity study
established ranges of load drop associated with varying levels of post-contingency voltage.
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For deviations in a bus voltage from the 0.95 per unit limit, the amount of load drop to avoid
the violation was determined.

LAR was computed for N-0 and N-1 events and aggregated or averaged over 1 year. The focus of
the analysis is on the Valley South System. However, under N-0 condition, LAR recorded on the
Valley North system was also accumulated during the simulation.

For N-1 events, system tie-lines are used where applicable to minimize the amount of MWh at
risk.

Maximum Interrupted Power (IP)

a.

This is quantified as the maximum amount of load in MW dropped to address thermal overloads
and voltage violations. In other words, it is representative of the peak MW overload observed
among all overloaded elements.

IP was computed for N-0 events and N-1 events.

Valley South System Losses: Losses (MWh) are treated as the active power losses in the Valley South
System. New transmission lines, introduced by the scope of a project, have also been included in the
loss computation.

Availability of Flexibility in the System: Measure the availability of flexible resources (system tie-lines,
switching schemes) to serve customer demand. It provides a proxy basis for the amount of flexibility
(MWh) that an alternative project provides during maintenance operations, emergency events, or
other operational issues. Two flexibility metrics are considered:

a.

Flexibility Metric 1: Capability to recover load during maintenance and outage conditions.

i. Calculated as the amount of energy not served for N-2 events. The measure of the capability
of the project to provide flexibility to avoid certain overloads and violations observable under
the traditional no-project scenario. This flexibility is measured in terms of the incremental
MWh that can be served using the flexibility attributes of the project.

Flexibility Metric 2: Recover load for the emergency condition: Single point of failure at the Valley

substation and its transformer banks.

i. Flex-2-1: Calculated as the energy unserved when the system is impacted by HILP events such
as loss of the Valley Substation resulting in no source left to serve the load. Projects that
establish system tie-lines or connections to an adjacent network can support the recovery of
load during these events. This metric is calculated over an average 2-week period (assumed
minimum restoration duration for events of this magnitude) in the Valley South system.

ii. Flex-2-2: Calculated as the amount of MWh load at risk when the system is operating with a
single (spare) transformer at Valley Substation (two transformers are out of service due to
major failures). This event is calculated over an average 2-week period in the Valley South
System. Projects that establish system tie-lines to adjacent networks can support load
recovery during these events.

Period of Flexibility Deficit (PFD): The PFD is a measure of the total number of periods (hours) when
the available flexible capacity (from system tie-lines) was insufficient and resulted in energy not being
served for a given time horizon.
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The above list has been iteratively developed to successfully translate project objectives into quantifiable
metrics and provides a basis for project performance evaluation.

3.3 Benefit-Cost Framework and Study Assumptions

Each of the projects has been evaluated using a benefit-cost framework that derives the value of project
performance (and benefits) using a combination of methods. This framework provides an additional basis
for the comparison of project performance while justifying the business case of each alternative to meet
the load growth and reliability needs of the Valley South System.

The benefit is defined as the value of the impact of a project on a firm, a household, or society in general.
This value can be either monetized or treated on a unit basis while dealing with reliability metrics like LAR,
IP, and PFD (among other considerations). Net benefits are the total reductions in costs and damages as
compared to the baseline, accruing to firms, customers, and society at large, excluding transfer payments
between these beneficiary groups. All future benefits and costs are reduced to a net present worth using
a discount rate and an inflation rate over the project lifetime or horizon of interest.

The overall process associated with the detailed alternatives analysis framework has been presented in
Figure 3-10.

Evaluate Capital

Cost(3)

Identify Evaluate Operating Benefit — Cost Risk
Alternatives Cost 5 Analysis Assessment
> Compute Monetized

Reliability Indices Benefit Costs &

Characterize

Uncertainties

Figure 3-10. BCA Framework

The project costs have been developed by SCE as the present value of revenue requirements (PVRR) over
the lifetime of the asset to include the rate of return on investment, initial capital investments, operations
and maintenance (O&M), and equipment-specific costs. These are reflective of the direct costs used in
the analysis. Due to the differences in equipment life of the projects under consideration, the present
worth of costs has been used throughout the study horizon. The PVRR costs are offset for incremental
revenues generated by the battery energy storage system (BESS) assets through market participation.
Table 3-2 presents the financial assumptions considered in this analysis. Further details pertaining to each
of the assumptions are presented in the upcoming sections of this report.

In the scope of this assessment, the benefits for considered metrics (Section 3.2.4) are derived by a
comparison of system performance with and without the project in service. Depending on the benefit
category, a distinction is made between monetized and non-monetized benefits. The monetized benefits
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are typically probability-weighted and represented as EENS. Unless otherwise specified, the non-
monetized benefits are not probability weighted. The benefits in combination with PVRR costs have been
used at different capacities to develop a comprehensive view of project performance. This evaluation
framework includes a traditional benefit-cost comparison of alternatives to characterize the risks
associated with load sensitivities.

Table 3-2. Financial and Operating Costs

Discount rate (weighted aggregate cost of capital [WACC]) 10% SCE
Customer price (locational marginal price [LMP]) 40 S/MWh CAISO’
Inflation rate (price escalation) 2.5% Quanta
Load distribution: residential 33% SCE
Load distribution: small & medium business 36% SCE
Load distribution: commercial and industrial 31% SCE
Annual outage rate for Flexibility-2-2 events 0.0015 CIGRE®
Annual outage rate for HILP event (Flexibility-2-1 events) 0.01 NERC®

The non-monetized benefits have been presented in two different formats. From the perspective of
reliability analysis (Sections 4 and 5), they are described as the sum (or the cumulative effect) of the
benefits of the project over the project study horizon. In the cost-benefit framework (Section 6), the non-
monetized benefits are calculated as the present worth of benefits discounted at the weighted aggregate
cost of capital (WACC) throughout the study horizon. An example of the latter, LAR (MWh) benefits of the
ASP under normal system condition (N-0) and their present worth using the discount rate of WACC are
presented in Figure 3-11.

7 http://oasis.caiso.com/ (Node: VALLEYSC_5_B1)
8 Reference [8]
° Reference [7]
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Figure 3-11. LAR (N-0) Benefits Accumulated for ASP over the Study Horizon

LAR (N-0, N-1) and flexibility indices (Flex-1, Flex-2-1, and Flex-2-2) were monetized using the $/kWh for
unserved energy (load) from the customer perspective as provided by SCE [6]. These costs are separated
into residential, small & medium business, and commercial & industrial in $/kWh. Figure 3-12 presents
the costs over a 24-hour duration as applied to this assessment.
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Figure 3-12. Value of Unserved kWh
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The formulation below describes the monetized benefits and are complemented by the assumptions
detailed previously in Table 3-2:

e EENS under N-0 conditions:
* LAR (MWh) for the year multiplied by the cost of lost load (S/MWh) associated with a 1-hour
outage duration.
= Costs derived from Figure 3-12 for the 1-hour outage, consistent with the principles of rolling
outages between different customers each hour.
= The cost associated with a 1-hour duration for residential is 9.475/kWh, small/medium business
is 431.605/kWh, and commercial/industrial is 78.285/kWh.

e EENS under N-1 conditions:

= LAR (MWh) for the year multiplied by the cost of lost load ($/MWh) associated with a 1-hour
duration multiplied by the outage probability.

=  Costs associated with a 1-hour duration (Figure 3-12) were used consistent with the principles of
rolling outages between different customers each hour.

= The cost associated with a 1-hour duration for residential is 9.47S/kWh, small/medium business
is 431.605/kWh, and commercial/industrial is 78.285/kWh.

=  Probabilities of circuit outages have been derived from historic event data in the Valley South,
with a failure rate of 3.4 outages per 100 mile years and a mean duration of 2.8 hours.’® The
outage probabilities associated with N-1 circuits are presented in Table 3-3. For new lines in the
alternatives, probabilities have been calculated using the estimated length of the circuit and the
associated failure rates using the 3.4 outages per 100 mile-years metric.

Table 3-3. N-1 Line Outage Probabilities in Valley South

Line Outage Probability Index

Auld-Moraga #1 0.36074

Auld-Moraga #2 0.40664

Auld-Sun City 0.27846

Elsinore-Skylark 0.1632

Fogarty-lvyglen 0.32164

Moraga-Pechanga 0.17578

Moraga-Stadler-Stent 0.23188

Pauba-Pechanga 0.26112

Pauba-Triton 0.26622

Skylark-Tenaja 0.14994

Stadler-Tenaja 0.17374

Valley-Elsinore-Fogarty 0.59092

10 provided by SCE.
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Line Outage Probability Index

Valley-Newcomb 0.21454
Valley-Newcomb-Skylark 0.67966
Valley-Sun City 0.12818
Valley-lvyglen 0.918
Valley-Auld #1 0.40664
Valley-Auld #2 0.34884
Valley-Triton 0.53244

e  Flexibility-1 Metric

LAR (MWh) for 1 year multiplied by the cost of lost load (5/MWh) associated with a 1-hour
duration multiplied by the outage probability.

Costs associated with a 1-hour duration (Figure 3-12) are used consistent with the principles of
rolling outages between different customers at each hour.

The cost associated with a 1-hour duration for residential is 9.47S/kWh, small/medium business
is 431.605/kWh, and commercial/industrial is 78.285/kWh.

Probabilities of circuit outages were derived from historic event data in Valley South System, with
a failure rate of 0.8 outages per 100 mile years and a mean duration of 3 hours.

Considering the large combination of N-2 circuit outages that potentially impact the Valley South
System, Flexibility 1 metrics are limited only to circuits that share a double circuit pole. The outage
probabilities associated with N-2 contingencies are provided in the Appendix (Section 9).

o  Flexibility-2-1 Metric

LAR (MWh) over an average 2-week duration multiplied by the cost of lost load ($/MWh)
associated with assumed a 2-week outage duration multiplied by the outage probability.

The outage duration for this event is considered to be 2 weeks, reflective of the minimum
restoration duration for an event of this magnitude. The cost has been derived as the average cost
of lost load using hour 1 and hour 24 from Figure 3-12. Considering the uncertainties and shortage
of publically available data sources to support the quantification of customer interruption costs
due to events of this magnitude, the average of hour 1 and hour 24 cost data would prevent bias
towards to a higher or lower monetary impact.

The cost associated with this event for residential is 5.685/kWh, small/medium business is
238.4S/kWh, and commercial/industrial is 52.11S$/kWh.

Probabilities associated with an event of this magnitude have been adopted as 0.01, signifying a
1-in-100 year event, adopted from NERC treatment of events of similar magnitude [7].

o  Flexibility-2-2 Metric

LAR (MWh) for the year multiplied by the cost of lost load ($/MWh) associated with 1-hour
duration multiplied by the outage probability.

Costs associated with a 1-hour duration (Figure 3-12) were used consistent with the principles of
rolling outages between different customers each hour.
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= The cost associated with a 1-hour duration for residential is 9.475/kWh, small/medium business
is 431.605/kWh, and commercial/industrial is 78.285/kWh.

=  Probabilities associated with this event have been adopted from the CIGRE Transformer Reliability
Survey [8] data for major transformer events (fire or explosion) reported to be 0.00075 failures
per transformer year.

e Losses

= Losses (MWh) for the year multiplied by the average locational marginal price (LMP) at the Valley
500-kV substation.

= The average LMPs are obtained from production simulation of the CAISO model for the year 2021
and 2022 and escalated each year.

= Thelossreductionis treated as a benefit and aggregated to the monetized EENS and Flex benefits.

3.3.1 Benefit-Cost Methodology

As described in earlier sections of this report, all costs and benefits have been evaluated over the study
horizon from the in-service year 2021/2022 (depending on the need year from forecast used for the study)
to 2048, which covers the 30-year horizon. The benefits associated with each project have been calculated
as the present worth of each benefit category.

Following the quantification of the present worth of costs and benefits, three different types of analysis
have been considered to select the most suitable project among the pool of alternatives. The proposed
methodologies utilize the benefits in their non-monetized and monetized representation.

3.3.1.1 Benefit-Cost Analysis (BCA)

The benefit-to-cost ratio is one element to consider in determining whether or not a project should be
implemented. However, it requires both benefits and costs to be treated on a common unit basis (S).
Due to this, only monetized benefits are considered for this assessment. With the monetized benefits, a
ratio is derived from the cost of the project to aggregate benefits introduced by the project.

The relevant benefit categories are monetized per the discussion in Section 3.3.1. The benefits are derived
as differences in monetized costs with and without the project in service, which directly translates into
cost savings from the customers’ perspective. For example, without a project in service, customers in the
Valley South system are vulnerable to 50 MWh of EENS in the year 2026 under normal system conditions
(N-0), which translates into a $6.6M cost to customers. However, with a project such as ASP in service,
the 50 MW of EENS is eliminated, and the $6.6M cost to customers will be avoided.

3.3.1.2 Levelized Cost Analysis

This evaluation is most suited for non-monetized metrics and their benefit evaluation. For each of the
projects under consideration:

e The benefits have been quantified using the difference between the project and the baseline scenario.

e The benefits of each category from N-0 and N-1 are normalized as the ratio of $/unit benefit using
their present worth over the horizon using the WACC discount rate.
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e This index primarily provides insight into the investment value ($) from each project to achieve a unit
of benefit improvement from baseline.

For example, the present worth of the ASP project cost is $474M, and the present worth of N-O EENS
benefit from the ASP (in comparison to baseline) is 8,657 MWh. The ratio of $474M/8,657 MWh suggests
that this project would require an investment of $54,753 to achieve 1 MWh of N-O EENS benefit.

3.3.1.3 Incremental BCA

Incremental BCA is used to rank and value the overall benefits attributed to an alternative project while
providing an advantage to the most cost-effective solution that provides maximum benefit. The procedure
is summarized below [9]:

Considering that the proposed project solutions are mutually exclusive alternatives (MEA), the MEAs are
ranked based on their cost in increasing order. The do-nothing or least-cost MEA is selected as the

baseline. The incremental benefit-to-cost ratio (i—i) for the next least-expensive alternative is evaluated.

Provided that the ratio is equal to or above unity, this alternative will be selected and replaces the baseline
to evaluate the next least-expensive MEA. For a ratio below unity, the last baseline alternative is
maintained. The incremental BCA will continue and iterate between the baseline and the next alternative.
The selection will stop once the incremental benefit-to-cost ratio becomes unfavorable or the list is
exhausted. The flowchart in Figure 3-13 provides an overview of the overall process.
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Figure 3-13. Incremental BCA Flowchart

Incremental BCA, also known as marginal benefit-to-cost analysis (MBCA), is considered a superior
approach relative to a conventional BCA, for utilities to compare the cost effectiveness of alternative
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projects. The methodology assures “that dollars will be spent one at a time, with each dollar funding the
project that will result in the most reliability benefit, resulting in an optimal budget allocation that
identifies the projects that should be funded and the level of funding for each. This process allows service
quality to remain as high as possible for a given level of funding—allowing electric utilities to be
competitive, profitable, and successful in the new environment of deregulation” [10].

3.3.2 BESS Revenue Stacking

Revenue stacking describes a situation where a BESS is used for more than one domain of applications.
When wholesale market applications and transmission and distribution (T&D) applications are allowed to
be performed by the same BESS, the BESS accesses and participates in wholesale markets in addition to
its primary function (T&D applications). T&D applications always take priority over wholesale market
participation. This means, the function of the BESS always first ensures reliable operation of the T&D
system as needed before consideration for market participation. Needed capacity and required dispatch
levels must be considered as constraints to market participation.

In the Valley South planning area, batteries primarily provide local reliability, capacity, and flexibility
benefits by supporting N-0, N-1, and N-2 needs in the system (primary application). To leverage the
benefits from BESS-based solutions in each of these categories, the available capacity is reserved during
summer months (peak demand period) from June to October (i.e., the BESS is only allowed to participate
in the wholesale market outside the summer operating period).

When the BESS is not required for the primary application, it can time-shift the energy by participating in
wholesale energy markets (i.e., market participation). This service results in ratepayer savings when the
asset is assumed to be utility-owned with all energy cost savings passed on to ratepayers. “Shared
application” or “hybrid application” is also investigated. This means that the storage is also used for
ancillary services provision.

For applicable solutions that include BESS (NWAs or hybrid), additional potential benefits of BESS
participating in CAISO wholesale and ancillary service (AS) markets are determined. The optimization uses
the day-ahead (DA) prices for charging and discharging to simulate the strategy in which charging load
and discharging are offered into the DA market. For this purpose, 2018-2019 DA for the node at the
Valley South System is used. Energy storage also offers regulation-up (RegUp) and regulation-down
(RegDown) services into the CAISO AS markets. Each day, the optimization would co-optimize the energy
and AS participation across the day to maximize revenues subject to BESS operational constraints.

An energy credit is calculated under each scenario using the discharging revenues less the charging
payments when only wholesale energy participation is considered. These energy credits in the wholesale
and regulation cases also include an estimate of the settlement of regulation revenues at AS clearing
prices. Generally, energy credits decrease as regulation capacity increases, as less battery capacity is then
available for arbitrage. Table 3-4 summarizes data inputs that have been utilized for market analysis. This
includes the data name, data type, and duration of the extracted data (applicable for time-series data).
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Table 3-4. Data Inputs for Market Analysis

Input Data Type

(Source) el
Hourly Load Data (MW) Time-series (SCE) Data provided for 01/01/2016 — 01/01/2017
Load Threshold (MW) Parameter (SCE) 1120 MW
Battery Variable O&M Cost ($/kWh) Parameter (QTech) 0.005 $/kWh
Battery Min/Max Allowable .
Parameter (QTech) Min/Max: 5/100%
State of Charge (SOC)
Start/End of Day SOC Parameter (QTech) 50%
BESS Charging Efficiency Parameter (QTech) 92%
elEEl ey ACE LlP (e Time-series (1SO) Data extracted for 01/01/2018 — 01/01/2019
(S/kwh)
BESS Discharging Efficiency Parameter (QTech) 98%
Regulation Up and Down Clearing . .
Market Prices ($/kW) Time-series (I1SO) Data extracted for 01/01/18 — 01/01/2019
LMP Price Escalation/yr Time-series (QTech) 2.5%

LA Basin Local RA Weighted Average Parameter (CPUC

Value ($/kW-Month) [11]) $3.645/kW — Month for year 2018

This evaluation was carried out using a proprietary optimization tool developed by Quanta Technology.
The tool uses a mixed-integer programming methodology. The co-optimization of storage resource
participation in energy and AS markets is similar to that performed by the CAISO in its market-clearing.
The tool computes the optimal allocation of BESS capacity to the different markets each hour while
observing constraints imposed by the BESS characteristics and capabilities. This is done for the 8,760 hours
of the year and the total revenues computed.

For the storage sizes established under each project, a bidding strategy of offering both charging and
discharging into the DA markets was evaluated. As an additional step, the strategy of also offering RegUp
and RegDown services into the CAISO AS markets was evaluated. Each day, the optimization would
co-optimize the energy and AS participation across the day to maximize revenues subject to BESS
operational constraints. The prices were escalated at 2.5%/yr to cover the horizon until 2048. Annual
market benefits are calculated as a summation of energy, RegUp, and RegDown capacity less the variable
O&M. Note: the variable O&M of $S0.00579/kWh is considered for both charging and discharging of the
battery. A low-order variable O&M cost is assumed to account for external costs including bidding,
scheduling, metering, and settlement. Figure 3-14 exhibits a sample from the optimized BESS schedule
over a 24-hour duration.
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Figure 3-14. Daily Scheduling Example

In addition to participation in wholesale energy and AS markets, potential revenue available from the
Resource Adequacy (RA capacity markets) have been estimated. The revenues are derived using local RA
prices for the Los Angeles basin area obtained from the CPUC 2018 Resource Adequacy Report [11].

The model assumes available capacity is reserved during summer months (peak demand period) from
June to October (i.e., the BESS is only allowed to participate in the RA market outside the summer
operating period). The RA prices representative of the weighted average values has been used and
escalated at a rate of 2.5% for future years. The analysis takes into consideration the minimum 4-hour
duration requirement for BESS participation while accounting for capacity fading at a rate of 3% per year.

3.3.3 Risk Assessment

Load forecast uncertainty has been treated in the risk assessment. The range of load variability associated
with the three main forecasts considered in this study are presented in Figure 3-15 and Table 3-5.
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Figure 3-15. Load Forecast Range

Table 3-5. Statistics Associated with Load Forecast

ow )| g )|

2023 1146 1181
2028 1183 1242
2038 1230 1369
2048 1302 1474

Considering the spectrum of alternative projects under analysis, a deterministic risk analysis has been
performed. The deterministic risk analysis provides insight into the capabilities of alternatives to meet the
incremental demands of the system in the future and characterizes the risks associated with load
sensitivities. Within the scope of the deterministic risk analysis, the performance of project alternatives is
investigated under various forecast trends and compared using benefit-cost metrics.
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4 RELIABILITY ASSESSMENT OF ALBERHILL SYSTEM PROJECT

4.1 Introduction

The objective of the analysis in this section is to apply the reliability assessment framework to the ASP.
The performance and benefits of the ASP are computed in comparison to the baseline scenario (i.e., no
project in service) following the methodology detailed in Section 3.2. The performance of the baseline
system is initially presented, followed by the ASP for all considered load forecasts (PVWatts, Effective PV,
and Spatial Base).

In order to successfully evaluate the benefits of potential projects in the Valley South System, the
performance of each project must be effectively translated into quantitative metrics. These metrics serve
the following purposes:

To provide a refined view of the future evolution of the Valley South System reliability performance
To compare project performance to the baseline scenario (no project in service)

To establish a basis to value the performance of the ASP against overall project objectives

To take into consideration the benefits or impacts of flexibility and resilience (HILP events)

i W e

To guide for comparing projects against alternatives

Within the framework of this analysis, the reliability, capacity, flexibility, and resilience benefits have been
qguantified.

4.2 Reliability Analysis of the Baseline System

The baseline system is the no-project scenario within this analysis. It depicts a condition wherein the load
grows to levels established by the forecast under the study, without any project in service to address the
shortfalls in transformer capacity. This scenario forms the primary basis for comparison against
alternatives performance to evaluate the benefits associated with the project.

The baseline system has been evaluated under the need year 2021/2022 (depending on the need year
from forecast used for the study), 2028, 2033, 2038, 2043, and 2048. Each of the reliability metrics
established in Section 3.2.4 has been calculated using the study methodology outlined in Section 3.2.3.
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Findings from the system analysis under N-O conditions in the system are presented in Table 4-1 for the
Effective PV Forecast, Table 4-2 for the Spatial Base Forecast, and Table 4 -3 for the PVWatts Forecast.

Table 4-1. Baseline N-0 System Performance (Effective PV Forecast)

Year Losses
MWh (MWh)

2022
2028
2033
2038
2043
2048

Table 4-2. Baseline N-0 System Performance (Spatial Base Forecast)

Year Losses
(MWh) (MwWh)

2021
2022
2028
2033
2038
2043
2048

Table 4-3. Baseline N-0 System Performance (PVWatts Forecast)

Year Losses
(MWh) (MWh)

2022
2028
2033
2038
2043
2048

250
905
2,212
4,184
6,310

129
908
2,844
5,741
9,888
14,522

250

292

740
1,504
2,659

65
120
190
246
288

42
131
205
280
348
411

65
67
117
155
199

7
18
37
53
77

5
19
42
69

102
142

o

14
26
37

49,667
52,288
54,472
56,656
58,840
61,024

50,082
50,888
54,467
57,450
60,432
63,415
66,397

49,667
52,288
52,859
54,310
55,761
57,211

CONFIDENTIAL/PROPRIETARY

© 2021 QUANTA TECHNOLOGY, LLC

G-2, Page 64




C‘w QUANTA REPORT (V2)
TECHNOLOGY

DELIVERABLE 3: BENEFIT COST ANALYSIS OF THE ALTERNATIVES PROJECTS | SCE

4.2.2 System Performance under Normal Conditions (N-1)

Findings from the system analysis under N-1 conditions in the system are presented in Table 4-4 for the
Effective PV Forecast, Table 4-5 for the Spatial Base Forecast, and Table 4-6 for the PVWatts Forecast.

Table 4-4. Baseline N-1 System Performance (Effective PV Forecast)
LAR Deficit Deficit Deficit
Year Flex-1 Flex-2-1 Flex-2-2
(MWh)
10 2 14

(Mwh) | (Mwh) | (Mwh)

2022 54,545 127,935 2,138
2028 67 11 32 163,415 133,688 2,774
2033 249 21 54 254,140 139,702 3,514
2038 679 35 88 344,864 145,991 4,421
2043 1,596 45 120 435,589 151,619 5,294
2048 2,823 68 153 526,314 155,733 5,975

Table 4-5. Baseline N-1 System Performance (Spatial Base Forecast)

LAR Deficit Deficit Deficit
Year MWh Flex-1 Flex-2-1 | Flex-2-2
( ) (MWh) (MWh) (MWh)
18 4 18

2021 54,545 129,095 2,255
2022 40 6 28 122,681 131,322 2,491
2028 231 23 60 531,497 140,388 3,612
2033 989 40 98 872,176 147,622 4,670

2038 2,435 62 147 1,212,856 154,744 5,811
2043 5,263 71 204 1,553,536 161,142 6,952
2048 9,236 128 261 1,894,216 166,580 8,000

Table 4-6. Baseline N-1 System Performance (PVWatts Forecast)

Deficit Deficit Deficit
Flex-1 Flex-2-1 Flex-2-2

(mwh) | (mwh) | (mwnh)

54,545 127,935 2,138

2028 67 11 32 122,681 133,688 2,774

2033 75 11 33 531,497 133,840 2,791

2038 182 20 51 872,176 139,065 3,432

2043 454 29 79 1,212,856 143,845 4,110

2048 805 35 94 1,553,536 147,226 4,615
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In the baseline system analysis, the following constraints (Table 4-7) were found to be binding under N-0
and N-1 conditions. These are the key elements that contribute to the LAR among other reliability metrics
under study (reported from need year and beyond).

In Table 4-7, only thermal violations associated with each constraint are reported.

Table 4-7. List of Baseline System Thermal Constraints

Spatial | Effective -
| t PVWatts
Overloaded Outage Outage Definition PV

Element Category y ——
ear of Overloa

\T/fa:l:syfj:’r:g: N-0 Base case 2021 2022 2022
Auld to Moraga #1 N-0 Base case 2038 2047
Valley EFG to Tap 39 N-0 Base case 2043
Valley EFG to Sun City N-0 Base case 2043

Auld-Moraga #2 N-1 Auld-Moraga #1 2032 2038 2048

Auld-Moraga #1 N-1 Auld-Moraga #2 2021 2022 2022
Valley EFG-Tap 39 N-1 Valley EFG -Newcomb-Skylark 2033 2043

Tap 39-Elsinore N-1 Valley EFG -Newcomb-Skylark 2028 2038 2043

Auld-Moraga #1 N-1 Skylark-Tenaja 2038 2048
Valley EFG-Sun City N-1 Skylark-Tenaja 2048

Moraga-Tap 150 N-1 Skylark-Tenaja 2048

Skylark-Tap 22 N-1 Valley EFG -Elsinore-Fogarty 2028 2033 2038

Valley EFG-Sun City N-1 Valley EFG -Auld #1 2038 2043

Valley EFG-Auld #2 N-1 Valley EFG -Auld #1 2048

Valley EFG-Auld #1 N-1 Valley EFG -Sun City 2038 2048

Valley EFG-Auld #2 N-1 Valley EFG -Sun City 2043

Valley EFG-Tap 22 N-1 Valley EFG -Newcomb 2038 2043

Valley EFG-Auld #1 N-1 Valley EFG -Auld #2 2038 2048
Valley EFG-Sun City N-1 Valley EFG-Auld #2 2038 2043

Valley EFG-Triton N-1 Moraga-Pechanga 2043 -

Valley EFG-Tap 39 N-1 Valley EFG -lvyglen 2048 -

Auld-Moraga #1 N-1 Valley EFG-Triton 2032 2043 2048
Moraga-Pechanga N-1 Valley EFG-Triton 2028 2038 2043
Valley EFG-Auld #1 N-1 Valley EFG-Triton 2048
Valley EFG-Sun City N-1 Valley EFG-Triton 2043
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4.2.3 Key Highlights of System Performance

The

4.3
The

key highlights of system performance for the baseline system are as follows:

Without any project in service, the Valley South System transformers are projected to overload in the
year 2022. Sensitivity scenario using Spatial Base forecast demonstrates a need year by 2021.

In the Effective PV forecast by the year 2028, 250 MWh of LAR is observed in the system under N-0
conditions. This extends to 6,309 MWh by 2048 with no project in service. Through the range of
forecast sensitivities, the potential LAR ranges from 2,600 MWh to 14,500 MWh in a 30-year horizon.
In the Effective PV forecast between 2028 and 2048, the flexibility deficit in the system increases from
7 hours to 77 hours under the N-O condition. Considering the range of forecast uncertainties, the
number of hours of deficit in the system under N-0 range from 37 hours to 147 hours in the year 2048.
With the system operating at load levels greater than 1,120 MVA, it becomes increasingly challenging
to maintain system N-1 security.

In the Effective PV forecast by the year 2028, 67 MWh of LAR is observable in the system under N-1
conditions. This extends to 2,800 MWh by 2048 with no project in service. Through the range of
forecast sensitivities, the potential LAR ranges from 805 MWh to 9,200 MWh in a 30-year horizon.

Reliability Analysis of the Alberhill System Project (Project A)

ASP has been evaluated under the need year 2021/2022 (depending on the need year from forecast

used for the study), 2028, 2033, 2038, 2043, and 2048. Each of the reliability metrics established in Section
3.2.4 has been calculated using the study methodology outlined in Section 3.2.3.

4.3.

The

1 Description of Project Solution

ASP would be constructed in Riverside County and includes the following components:

Construction of a new 1,120 MVA 500/115 kV substation to increase the electrical service capacity to
the area currently served by the Valley South 115 kV system. Two transformers were installed, one of
which is a spare.

Construction of two new 500 kV transmission line segments to connect the new substation to SCE’s
existing Serrano—Valley 500 kV transmission line.

Construction of new 115 kV subtransmission lines and modifications to existing 115 kV
subtransmission lines to transfer five existing 115/12 kV distribution substations (lvyglen, Fogarty,
Elsinore, Skylark, and Newcomb) currently served by the Valley South 115 kV System to the Alberhill
115 kV system.

Installation of telecommunications improvements to connect the new facilities to SCE’s
telecommunications network.

Figure 4-1 presents an overview of the project layout and schematic.

CONFIDENTIAL/PROPRIETARY © 2021 QUANTA TECHNOLOGY, LLC

G-2, Page 67




REPORT (V2)

w QUANTA
TECHNOLOGY
DELIVERABLE 3: BENEFIT COST ANALYSIS OF THE ALTERNATIVES PROJECTS | SCE

Valley North, South, —
& Alberhill Systems
. Legend
g 8500 kV Substabion | Ling
. 115 kW Substation

Walley Marth 118 kW Sysbam

Vallgy South 115 KV System

AipCTaran
[P Alparhill 115 k' Systam
o ] 500 kY Genersticn
09 Open Cirouit Breskers

VY
4

1 Valley North

! \ EET i: o

|

| Alberhill . I valley South

: —

i - -

I N
T = -2

Mot To Scale
Schematic Representation Only

Figure 4-1. Alberhill System Project and Resulting Valley North and South Systems

4.3.2 System Performance under Normal Conditions (N-0)

Findings from the system analysis under N-O conditions are presented in Table 4-8 for the Effective PV
Forecast, Table 4-9 for the Spatial Base Forecast, and Table 4-10 for the PVWatts Forecast.
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Table 4-8. Alberhill N-0 System Performance (Effective PV Forecast)

Year Losses
(MWh) (MWh)

Table 4-9. Alberhill N-0 System Performance (Spatial Base Forecast)

Year Losses
(MWh) (MWh)

2022
2028
2033
2038
2043
2048

2021
2022
2028
2033
2038
2043
2048

Table 4-10. Alberhill N-0 System Performance (PVWatts Forecast)

Year Losses
(MWh) (MWh)

2022
2028
2033
2038
2043
2048

w O o o o

o O o o o
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14 10

0
0
0
0
0
0

o O O o o o

40,621
42,671
44,380
46,089
47,797
49,506

40,954
41,590
43,417
44,939
46,462
47,984
49,506

40,621
42,671
42,310
43,725
45,140
46,555
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4.3.3 System Performance under Normal Conditions (N-1)

Findings from the system analysis under N-1 conditions are presented in Table 4-11 for the Effective PV
Forecast, Table 4-12 for the Spatial Base Forecast, and Table 4-13 for the PVWatts Forecast.

Table 4-11. Alberhill N-1 System Performance (Effective PV Forecast)

LAR Deficit Deficit Deficit
Year MWh Flex-1 Flex-2-1 Flex-2-2
( ) (MWh) (MWh) (MWh)
0

2022 0 0 22,815 1163 0
2028 0 0 49,088 1516 0
2033 0 0 70,982 1947 0
2038 21 8 4 92,876 2452 0
2043 84 17 8 114,770 2954 1
2048 202 24 14 136,664 3345 4

Table 4-12. Alberhill N-1 System Performance (Spatial Base Forecast)

LAR Deficit Deficit Deficit
Year (MWh) Flex-1 Flex-2-1 Flex-2-2
(MWh) (MWh) (MWh)
2021 0 0 22,815 1,229 =
2022 0 0 0 31,087 1,363 -
2028 0 80,717 1,999 =
2033 33 11 5 122,076 2,593 -
2038 163 22 12 163,435 3,249 3
2043 530 34 6 204,794 3,896 11
2048 1,080 43 43 246,153 4,494 27

Table 4-13. Alberhill N-1 System Performance (PVWatts Forecast)

Deficit Deficit Deficit
Flex-1 Flex-2-1 Flex-2-2

(Mwh) | (Mwh) | (Mwh)

2022 0 0 0 22,815 1,163 0
2028 0 0 0 28,718 1,516 0
2033 0 0 0 33,638 1,526 0
2038 0 0 0 38,557 1,899 0
2043 7 4 2 43,476 2,272 0
2048 30 10 5 48,395 2,559 0
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In analyzing the ASP, the following constraints (Table 4-14) were found to be binding under N-0 and N-1
conditions. These are the key elements that contribute to the LAR among other reliability metrics under
study (reported from need year and beyond).

In Table 4-14, only thermal violations associated with each constraint are reported.

Table 4-14. List of ASP Project Thermal Constraints

Spatial Base Effective PV
CiEleal Outage Category | Outage Definition
Element Year of Overload

Alberhill-Fogarty N-0 N/A (base case) 2038 2046 -
Auld — Moraga #1 N-0 N/A (base case) 2048

Valley EFG =Sun N-0 N/A (base case) 2048

City
Alberhill-Fogarty N-1 Alberhill-Skylark 2033 2038 2043
Alberhill-Skylark N-1 Alberhill-Fogarty 2038 2043 -
Auld-Moraga #1 N-1 valley EFG- 2038 2048 -
Newcomb-Tenaja
Alberhill-
Alberhill-Fogarty N-1 Newcomb-Valley 2048 - -
EFG

4.3.4 Evaluation of Benefits

The established performance metrics were compared between the baseline and the ASP to quantify the
overall benefits accrued over a 30-year study horizon. The benefits are quantified as the difference
between the baseline and the ASP for each of the metrics.

The accumulative values of benefits over the 30-year horizon are presented in Table 4-15 for the three
forecasts.

Table 4-15. Cumulative Benefits — Alberhill System Project

Cumulative Benefits Cumulative Benefits Cumulative Benefits
c c over 30-year Horizon over 30-year Horizon over 30-year Horizon
ategory SUECUER (until 2048) (until 2048) (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast
N-0 Losses (MWh) 275,699 277,608 362,676
N-1 LAR (MWh) 6,282 20,339 66,742
N-1 IP (MW) 428 601 954
N-1 PFD (hr) 1,300 1,907 3,277
N-1 Flex-1 LAR (MWh) 3,901,429 5,688,618 23,517,096
N-1 Flex-2-1 LAR (MWh) 3,657,700 3,779,849 4,101,527
N-1 Flex-2-2 LAR (MWh) 87,801 106,937 141,992
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Cumulative Benefits Cumulative Benefits Cumulative Benefits
over 30-year Horizon over 30-year Horizon over 30-year Horizon
LT EEERE (until 2048) (until 2048) (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast
N-0 LAR (MWh) 22,751 56,575 140,566
N-0 IP (MW) 2,713 4,053 6,213
N-0 PFD (hr) 411 811 1,559

The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by
the ASP. The robustness of the project is justified through benefits accrued across all forecast sensitivities.
The results for each category of benefits demonstrate the merits of the ASP to complement the increasing
reliability, capacity, flexibility, and resilience needs in the Valley South service area.

4.3.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

1. With the ASP in service, overloading on the Valley South System transformers is avoided over the
study horizon. This trend is observable across all considered forecasts. 3 MWh of LAR is recorded
under N-O condition (Effective PV Forecast) in the year 2048 due to an observed overload of the
Alberhill-Fogarty 115 kV line. Across all sensitivities, the benefits range between 22.7 and 140.5 GWh
of avoided LAR.

2. Considerable reduction in N-1 overloads is observed in the near-term and long-term horizons for all
forecasts. With the ASP in service, the N-1 benefits in the system range from 6.2 to 66.7 GWh through
all forecasts. In the Effective PV Forecast by the year 2038, overloads due to N-1 events are observed
on the Alberhill-Fogarty 115 kV line, the Alberhill-Skylark 115 kV line, and the Auld—Moraga 115 kV
line.

3. The project provides significant flexibility to address planned, unplanned, or emergency outages
throughout the system while also providing significant benefits to address needs under HILP events
that occur in the Valley South System. The ASP addresses the full range of flexibility needs identified
by the baseline system across all forecast sensitivities.

4. Following a HILP event, the ASP can recover approximately 400 MW of load in Valley South leveraging
capabilities of its system tie-lines.

5. Overall, the ASP demonstrated robustness to address the needs identified in the Valley South System
service territory. The project design offers several advantages that can also overcome the variability
and uncertainty associated with the load forecast. The available flexibility through system tie-lines
provides relief to system operations under N-1, N-2, and HILP events that affect the region.
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5 SCREENING AND RELIABILITY ASSESSMENT OF ALTERNATIVES

5.1 Introduction

The objective of this analysis is to identify and screen potential alternatives that meet the project
objectives detailed in Section 1.2. Each of these alternatives is evaluated using the criteria established in
Section 3.2.4.

The considered alternatives are evaluated for their capability to address system capacity and reliability
needs. The alternatives are categorized as Minimal Investment Alternatives, Conventional, Non-Wire
Alternatives (NWA), and Hybrid solutions.

Minimal Investment Alternatives can also be referred to as a “do nothing” scenario in which no large
project is implemented to address the needs of the system. These include spare equipment investments,
re-rating or equipment upgrades, component hardening, vegetation management, undergrounding T&D,
reinforcement of poles and towers, and emergency operations like load shedding relays. Conventional
solutions include alternative substation or transmission line configurations. NWAs include energy storage,
demand response, energy efficiency programs, DERs, and other smart grid investments like smart meters.
Hybrid solutions are a combination of Conventional and NWAs.

The solution alternatives are organized into four primary categories, as outlined in Figure 5-1.

W ® Transmission line
and substation
build-outs, and tie-

lines to neighboring
systems

e Spare equipment investments
* Re-rating or equipment upgrades
¢ Load Shedding Relays

1. Minimal
Investment
Alternatives

& 2. Conventional
Alternatives

3. Non-Wire 4. Hybrid
(" Alternatives Alternatives

gt

Figure 5-1. Categorization of Considered Alternatives

e Energy storage
e Demand response
* Energy efficiency programs
¢ Local generation like DER

&

¢ Combinations of
1,2,and 3
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The highlights of the procedure used to identify potential alternative projects are as follows:

e Use reliability analysis results with no project in service and available reports detailing the layout of
the Valley South System to establish Minimum Investment Alternatives to mitigate and meet the
objectives.

e Anexhaustive search (brute force) approach was used to establish system tie-lines between the Valley
South System and neighboring systems. Tie-lines performance was evaluated under the most
constraining conditions identified from the “no project” scenario results. Figure 5-2 describes the
Valley South System relative to neighboring electrical systems.

e Seek guidance from the LAR metrics to provide the viability of alternatives. For example, the identified
MWh need is large and predominantly occurs during off-peak hours of the day when PV-DER type
solutions might not be available.

!‘ City of Riverside Muni

s TG
Mira Loma 66 kV

Anza Coop
Service Territory
= . 3
TR

~20 miles

\'\ San Diego Gas & Electric Territory \\(

Figure 5-2. Valley System and Neighboring Electrical Systems

CONFIDENTIAL/PROPRIETARY © 2021 QUANTA TECHNOLOGY, LLC

G-2, Page 74



Cw QUANTA REPORT (V2)
’ TECHNOLOGY

DELIVERABLE 3: BENEFIT COST ANALYSIS OF THE ALTERNATIVES PROJECTS | SCE

5.2  Project Screening and Selection

The initial screening process resulted in a total of 17 alternatives. These included all categories of options
outlined in Figure 5-1. The 17 alternatives were preliminarily screened through a fatal flaw analysis driven
by the overall project objectives. Through this process, four alternatives were dropped from further
consideration. The dropped alternatives included 1) utilization of spare transformer for the Valley South
System, 2) upgrading transformer ratings, 3) investing in load shedding relays, and 4) installation of two
additional 500/115kV transformer banks. Upon further inspection and analysis, these four alternatives
were determined to not satisfy all project objective needs or were not feasible from an implementation
or constructability perspective.

The final list of 13 alternatives included a combination of conventional, non-wire, and hybrid solutions.
These alternatives are presented below. Further details pertaining to the scope, design, and project
performance are described in the upcoming sections. Note that the ASP and project alternatives are
identified using an alphabetic character, A through M, which is used throughout this report to refer to
each alternative.

Conventional Alternatives

The considered conventional transmission alternatives are detailed below.

Alberhill System Project

San Diego Gas & Electric Project
SCE Orange County Project
Menifee Project

Mira Loma Project

Valley South to Valley North Project

6O Mmoo w >

Valley South to Valley North to Vista Project

Non-Wire Alternatives

The following non-wire alternatives have been considered:

H. Centralized BESS in Valley South Project

Hybrid Solutions

The following hybrid solutions that involve a combination of conventional and hybrid solutions have
been considered in this analysis:

Valley South to Valley North and Distributed BESS in Valley South Project
San Diego Gas & Electric and Centralized BESS in Valley South (Alternatives B + H)
Mira Loma and Centralized BESS in Valley South (Alternatives E + H)

Valley South to Valley North and Centralized BESS in Valley South and Valley North
(Alternatives F + H)

M. Valley South to Valley North to Vista and Centralized BESS in Valley South (Alternatives G + H)
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5.3 Detailed Project Analysis

In the detailed project analysis, the reliability assessment framework was applied to all 13 considered
alternatives. The performance and benefits of each alternative were computed in comparison to the
baseline scenario (i.e., no project in service) following the methodology detailed in Section 3.2. The results
of the baseline scenario are presented in Section 4.2 and the ASP (Alternative A) in Section 4.3. The
performance of each alternative is presented for the range of load forecast sensitivities (PVWatts,
Effective PV, and Spatial Base).

5.3.1 San Diego Gas & Electric (Project B)

The original premise for this project is to construct a new 230/115 kV substation that provides power via
the San Diego Gas & Electric system and to transfer some of SCE’s distribution substations to this new
230/115 kV system. This project has been evaluated under the need year 2021/2022 (depending on the
need year from forecast used for the study), 2028, 2033, 2038, 2043, and 2048. Each of the reliability
metrics established in Section 3.2.4 has been calculated using the study methodology outlined in Section
3.2.3.

5.3.1.1 Description of Project Solution

The proposed project would transfer SCE’s Pechanga and Pauba 115/12 kV distribution substations to a
new 230/115 kV transmission substation provided service from the SDG&E electric system. The proposed
project would include the following components:

1. The point of interconnection would be a new 230/115 kV substation between the SCE-owned
Pechanga Substation and SDG&E-owned Talega-Escondido 230 kV transmission line to the south. Two
230/115 kV transformers (one load-serving and one spare).

2. New double-circuit 230 kV transmission line looping the new substation into SDG&E’s Talega-
Escondido 230 kV transmission line.

3. New 115 kV line construction to allow the transfer of Pechanga and Pauba Substations from Valley
South to new 230/115 kV substation.

4. Create system tie-lines between the new 230/115 kV system and the Valley South System through
normally-open circuit breakers at SCE’s Triton and Moraga Substations to provide operational
flexibility and to accommodate potential future additional load transfers.

5. Rebuild of existing Pechanga Substation and/or expansion of existing property at Pechanga Substation
to accommodate required new 115 kV switch rack positions.

Figure 5-3 presents a high-level representation of the proposed configuration.
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Figure 5-3. SDG&E Project Scope

5.3.1.2 System Performance under Normal Conditions (N-0)

Findings from the system analysis under N-O conditions are presented in Table 5-1 for the Effective PV
Forecast, Table 5-2 for the Spatial Base Forecast, and Table 5-3 for the PVWatts Forecast.

Table 5-1. SDG&E N-0 System Performance (Effective PV Forecast)

Year LAR Losses
(MWh) (MWh)
0

2022 0 0 44,182
2028 0 0 0 46,553
2033 0 0 0 48,529
2038 0 0 0 50,505
2043 82 31 4 52,481
2048 244 63 7 54,457
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Table 5-2. SDG&E N-0 System Performance (Spatial Base Forecast)

LA
Year
(MW

2021
2022
2028
2033
2038
2043
2048

0
0
0
199
655
1,499

R
h)
0

0 0 44,182
0 0 44,715
0 0 46,963
0 0 48,837
56 6 50,710
112 12 52,584
152 28 54,457

Losses
(MWh)

Table 5-3. SDG&E N-0 System Performance (PVWatts Forecast)

Year Losses
(MWh)
44,182

46,553
45,310

2022
2028
2033
2038
2043
2048

0
0
0
0
0
3

w O O o o o

0
0
0
0
0
1

5.3.1.3 System Performance under Normal Conditions (N-1)

46,470
47,630

48,791

Findings from the system analysis under N-1 conditions are presented in Table 5-4 for the Effective PV
Forecast, Table 5-5 for the Spatial Base Forecast, and Table 5-6 for the PVWatts Forecast.

Table 5-4. SDG&E N-1 System Performance (Effective PV Forecast)

2022
2028
2033
2038
2043
2048

o O O o o o

O O O o o o

o O O o o o

Deficit
Flex-1

(MWh)

20,830
52,762
79,372
105,982
132,591
159,201

Deficit
Flex-2-1
(MWh)

15,152
17,895
21,123
24,949
28,757
31,740

Deficit
Flex-2-2
(MWh)

431

639

932
1,282
1,672
1,990
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Table 5-5. SDG&E N-1 System Performance (Spatial Base Forecast)

Deficit Deficit Deficit

Flex-1 Flex-2-1 Flex-2-2

(MWh) (MWh) (MWh)
2021 0 0 0 20,830 15,677 468
2022 0 0 0 40,890 16,727 545
2028 0 0 0 161,248 21,517 958
2033 0 0 0 261,546 26,018 1,380
2038 0 0 0 361,845 31,008 1,889
2043 30 7 4 462,143 35,874 2,413
2048 196 18 8 562,442 40,207 2,937

Table 5-6. SDG&E N-1 System Performance (PVWatts Forecast)

Deficit Deficit Deficit
Year Flex-1 Flex-2-1 Flex-2-2

(MWh) (MWh) (MWh)
2022 0 0 0 20,830 15,152 428
2028 0 0 0 36,859 17,895 636
2033 0 0 0 50,217 17,467 605
2038 0 0 0 63,575 20,763 896
2043 0 0 0 76,933 23,589 1,146
2048 0 0 0 90,291 25,756 1,352

In analyzing the SDG&E project, the following constraints (Table 5-7) were found to be binding under N-0
and N-1 conditions. These are the key elements that contribute to the LAR among other reliability metrics
under study (reported from need year and beyond).

In Table 5-7, only thermal violations associated with each constraint are reported.
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Table 5-7. List of SDG&E Project Thermal Constraints

Spatial Base Effective PV PVWatts

Overloaded

Outage Category

Outage Definition
Element Year of Overload
Valley South N-0 N/A (base case) 2034 2040 2048
Transformer
Valley EFG-
Valley EFG-Tap 39 N-1 e 2048 =
. Valley EFG -
Tap 39-Elsinore N-1 e S e 2043 -
M°rag1'1Tap =l N-1 Skylark-Tenaja 2048 -
Valley EFG -
Sl 22 N-1 Elsinore-Fogarty 2043 )
Valley EFG -
Valley EFG-Tap 22 N-1 Newcomb 2043 =

5.3.1.4 Evaluation of Benefits

The established performance metrics were compared between the baseline and the SDG&E Project to
guantify the overall benefits accrued over a 30-year study horizon. The benefits are quantified as the
difference between baseline and SDG&E for each of the metrics.

The accumulative values of benefits over the 30-year horizon are presented in Table 5-8 for the three

forecasts.

Table 5-8. Cumulative Benefits — San Diego Gas & Electric

Cumulative Benefits
over 30-year horizon

Cumulative Benefits
over 30-year horizon

Cumulative Benefits
over 30-year horizon

Category Component (until 2048) (until 2048) (until 2048)
PVWoatts Forecast Effective PV Forecast Spatial Base Forecast
N-0 Losses (MWh) 200,879 214,200 249,117
N-1 LAR (MWh) 6,375 21,684 72,688
N-1 IP (MW) 467 780 1,321
N-1 PFD (hr) 1,320 1,999 3,432
N-1 Flex-1 (MWh) 3,362,638 5,411,173 19,116,843
N-1 Flex-2-1 (MWh) 3,167,267 3,217,646 3,402,545
N-1 Flex-2-2 (MWh) 65,442 76,509 97,230
N-0 LAR (MWh) 22,748 55,563 132,227
N-0 IP (MW) 2,710 3,726 4,978
N-0 PFD (hr) 410 775 1,444
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The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by
the SDG&E Project. In particular, the range of benefits is substantial in the N-1 category. However, it is
observed that the solution does not completely address the N-0 overload condition on the Valley South
System transformers. The project also provides overall loss reduction primarily because it displaces loads
at the southern border of the Valley South System service territory, thereby reducing the need for power
to travel a longer distance from the source to delivery. Also, the flexibility benefits offered by the solution
are limited in comparison to the ASP.

5.3.1.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

1. With the project in service, overloading on the Valley South System transformers is avoided only in
the near- and mid-term horizon. This trend is observable across all forecast sensitivities. Under N-0,
240 MWh of LAR is recorded in the Effective PV Forecast for 2048 and 1,500 MWh under the Spatial
Base Forecast. Across all sensitivities, the benefits range from 22.7 to 132.2 GWh of avoided LAR.

2. With the SDG&E Project in service, the N-1 benefits in the system range from 6.3 to 72.6 GWh through
all forecasts. The design of the SDG&E Project displaces two relatively large load centers located at
the southern border of the Valley South System. By the nature of radial networks, all flows were
originally moving in the direction of these loads. With load transfer and circuit reconfiguration,
significant benefits are gained under N-1 outage conditions in the Valley South System. In the Spatial
Base Forecast, by the year 2043, overloads due to N-1 events are observed in the system.

3. The project provides considerable flexibility to address planned, unplanned, or emergency outages in
the system while also providing benefits to address needs under the HILP events that occur in the
Valley South System. However, these benefits are not as significant in comparison to the ASP.

4. Following a HILP event, the SDG&E Project can recover approximately 280 MW of load from the Valley
South System, beyond the permanent transfers leveraging capabilities of its tie-lines.

5. Overall, SDG&E did not demonstrate comparable levels of performance to ASP in addressing the
needs identified in the Valley South System service territory. The project design offers several
advantages that are mostly realized in the near-term horizon and under the lower range of forecast
sensitivities.

5.3.2 SCE Orange County (Project C)

The SCE Orange County Project was evaluated under the need year 2021/2022 (depending on the need
year from the forecast used for the study), 2028, 2033, 2038, 2043, and 2048. Each of the reliability
metrics established in Section 3.2.4 has been calculated using the study methodology outlined in Section
3.2.3.

5.3.2.1 Description of Project Solution

The proposed project would include the following components:

1. The point of interconnection is a new substation with 220/115 kV transformation, southwest of SCE’s
Tenaja and Stadler Substations in the Valley South System.
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2. Loopingthe San Onofre—Viejo 220 kV line to the new 220/115 kV substation. This configuration would
include the construction of the new 230 kV double-circuit transmission line.

3. The proposed solution would transfer SCE’s Tenaja and Stadler 115/12 kV Substations to the new
220/115 kV system through the construction of new 115 kV lines.

4. Normally-open circuit breakers at Skylark and Stadler Substations would create system tie-lines
providing operational flexibility to accommodate future load transfers.

Figure 5-4 presents a high-level representation of the proposed configuration.
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Figure 5-4. SCE Orange County Project Scope
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Findings from the system analysis under N-O conditions are presented in Table 5-9 for the Effective PV

Forecast, Table 5-10 for the Spatial Base Forecast, and Table 5-11 for the PVWatts Forecast.

Table 5-9. SCE Orange County N-0 System Performance (Effective PV Forecast)

Losses
(MWh) (MWh)

2022

2028

SCE 2033
Orange

County 2038

2043

2048

Table 5-10. SCE Orange County N-0 System Performance (Spatial Base Forecast)

Year Losses
(MWh)

2021
2022
2028

SCE
Orange 2033

County 2038

2043
2048

Table 5-11. SCE Orange County N-0 System Performance (PVWatts Forecast)

Year Losses
MWh (MWh)

2022

2028

SCE 2033
Orange

County 2038

2043

2048

183
536
1,426

o O O o o

o O O

0
0
0
0

0
0
0
0

0
0
0
0

55

111

159

o O o o o o

o O O o o o

0
0
0
0
4
7

0
0
0
0
5

11
27

43,189
45,593
47,596
49,599
51,602
53,605

43,574
44,330
41,444
45,672
49,899
54,126
58,353

43,189
45,593
45,187
46,843
48,500
50,156
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5.3.2.3 System Performance under Normal Conditions (N-1)

Findings from the system analysis under N-1 conditions are presented in Table 5-12 for the Effective PV
Forecast, Table 5-13 for the Spatial Base Forecast, and Table 5-14 for the PVWatts Forecast.

Table 5-12. SCE Orange County N-1 System Performance (Effective PV Forecast)

LAR Deficit Deficit Deficit
Year MWh Flex-1 Flex-2-1 Flex-2-2
( ) (MWh) (MWh) (MWh)
0 0

2022 0 55836 14,219 347
2028 13 3 5 156,480 16,791 522
SCE 2033 35 3 2 240308 19,823 774
Orange
County 2038 130 14 7 324136 23,407 1,085
2043 313 26 14 407,965 27,650 1,483
2048 578 36 28 491,793 29,833 1,714

Table 5-13. SCE Orange County N-1 System Performance (Spatial Base Forecast)

Deficit Deficit Deficit

Year (I\II.I?I:I‘h) Flex-1 Flex-2-1 | Flex-2-2

(Mwh) | (Mwh) | (Mwh)

2021 5 3 2 55,886 14,711 375

2022 10 3 2 99,498 15,692 438

scE 2028 38 5 4 361,174 20,192 798
Orange 2033 176 17 8 579,237 24,412 1,169
County 5038 497 32 24 797,300 29,138 1,633

2043 1,179 46 37 1,015,363 33,790 2,108
2048 2,275 74 56 1,233,426 37,969 2,570

Table 5-14. SCE Orange County N-1 System Performance (PVWatts Forecast)

LAR Deficit Deficit Deficit
Year (MWh) Flex-1 Flex-2-1 Flex-2-2
(MWh) (MWh) (MWh)

2022 0 0 0 63,777 14,219 344
2028 13 3 5 103,236 16,791 519
SCE 2033 15 3 6 142,695 16,863 523
Orange
County 2038 32 3 10 182,154 19,485 735
2043 95 10 21 221,613 22,133 968
2048 159 16 23 261,072 24,165 1,146
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In analyzing the SCE Orange County Project, the following constraints (Table 5-15) were found to be
binding under N-0 and N-1 conditions. These are the key elements that contribute to the LAR among other
reliability metrics under study (reported from need year and beyond).

In Table 5-15, only thermal violations associated with each constraint are reported.

Table 5-15. List of SCE Orange County Project Thermal Constraints

Spatial Base Effective PV

Overloaded Element Outage Outage Definition
Valley South Transformer N/A (base case) 2034 2040 -
Auld-Moraga #2 N-1 Auld-Moraga #1 2043 - -
Auld-Moraga #1 N-1 Auld-Moraga #2 2033 2038 2048
Valley EFG-Triton N-1 Moraga-Pechanga 2043 - -
Valley EFG-Sun City N-1 Valley EFG -Auld #1 2043 - -
Valley EFG-Auld #1 N-1 Valley EFG -Sun City 2048 - -
Valley EFG-Auld #1 N-1 Valley EFG -Auld #2 2043 - -
Valley EFG-Sun City N-1 Valley EFG -Auld #2 2043 - -
Auld-Moraga #1 N-1 Valley EFG - Triton 2043 2048 -
Moraga-Pechanga N-1 Valley EFG - Triton 2028 2033 2038

5.3.2.4 Evaluation of Benefits

The established performance metrics were compared between baseline and SCE Orange County Project
to quantify the overall benefits accrued over a 30-year study. The benefits are quantified as the difference
between the baseline and the ASP for each of the metrics.

The cumulative value of the benefits over the 30-year horizon is presented in Table 5-16 for the three
forecasts.

Table 5-16. Cumulative Benefits — SCE Orange County

Cumulative Benefits over Cumulative Benefits over Cumulative Benefits over

ET— ETa— 30-yea'r Horizon 30-yea'r Horizon 30-yea'r Horizon
(until 2048) (until 2048) (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast
N-0 Losses (MWh) 193,424 187,601 203,637
N-1 LAR (MWh) 5,164 17,520 57,040
N-1 IP (MW) 337 447 661
N-1 PFD (hr) 1,055 1,785 2,923
N-1 Flex-1 (MWh) 583,840 447,937 9,232,289
N-1 Flex-2-1 (MWh) 3,200,515 3,255,754 3,449,007
N-1 Flex-2-2 (MWh) 69,270 81,316 103,655
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Cumulative Benefits over Cumulative Benefits over Cumulative Benefits over

c c 30-year Horizon 30-year Horizon 30-year Horizon
ategory omponent (until 2048) (until 2048) (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast
N-0 LAR (MWh) 22,751 55,560 133,064
N-0 IP (MW) 2,713 3,724 4,986
N-0 PFD (hr) 411 776 1,456

The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by
the SCE Orange County Project. In particular, the range of benefits is substantial in the N-1 category and
loss reduction. The project's contribution to loss reduction is primarily because it displaces loads at the
southern border of the Valley South System service territory, thereby reducing the need for power to
travel a longer distance from the source to point of delivery. Additionally, this project displaces loading
on subtransmission lines with a significant contribution to overall system losses (namely, Tap 22-Skylark
and Skylark—Tenaja) in the Valley South System. However, it is observed that the solution does not
completely address the N-O overload condition on the Valley South System transformers. Also, the
flexibility benefits offered by the solution are limited in comparison to the ASP.

5.3.2.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

1. With the projectin service, overloading on the Valley South System transformer is avoided only in the
near- and mid-term horizon. Under N-0, 230 MWh of LAR is recorded in the Effective PV Forecast for
2048 and 1,400 MWh under Spatial Base Forecast for 2048. Across all sensitivities, the benefits range
from 22.7 to 133 GWh of avoided LAR.

2. Considerable reduction in N-1 overloads is observed in the near-term and long-term horizons for all
forecasts. With SCE Orange County Project in service, the N-1 LAR benefits in the system range from
5.1 to 57 GWh through all forecasts.

3. The project provides reasonable flexibility to address planned, unplanned, or emergency outages in
the system while also providing benefits to address needs under the HILP events that occur in the
Valley South System. However, these benefits are not as significant in comparison to the ASP.

4. Under peak loading conditions, the SCE Orange County Project would be able to approximately serve
280 MW of load from Valley South, beyond the permanent transfers leveraging capabilities of its tie-
lines.

5. Overall, the SCE Orange County project did not demonstrate comparable levels of performance to ASP
in addressing the needs identified in the Valley South System service territory. The project design
offers several advantages that are mostly realized in the near- or mid-term horizon and under the
lower range of forecast sensitivities.

5.3.3 Menifee (Project D)

The Menifee Project would construct a new substation located approximately 0.5 miles west of Valley
Substation. The scope would include 500/115 kV transformation and associated 500 and 115 kV switch
racks. Power would be supplied by looping in SCE’s existing Serrano—Valley 500 kV line. SCE’s existing
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Newcomb and Sun City distribution substations would be transferred to this new system providing relief
on the Valley South System transformers. The project has been evaluated under the need year 2021/2022
(depending on the need year from forecast used for the study), 2028, 2033, 2038, 2043, and 2048. Each
of the reliability metrics established in Section 3.2.4 has been calculated using the study methodology
outlined in Section 3.2.3.

5.3.3.1 Description of Project Solution

The proposed project would include the following components:

1. The point of interconnection would be a new substation with two 500/115 kV transformers (including
the spare) and associated facilities located approximately 0.5 miles west of Valley Substation. It would
be provided power by looping in SCE’s existing Serrano—Valley 500 kV line.

2. The proposed solution would transfer the loads at Newcomb and Sun City Substations in the Valley
South System.

3. The 115 kV lines currently serving Newcomb and Sun City substations would be transferred to the
new system involving a combination of new 115 kV lines and circuit reconfiguration.

4. Createstwo system ties between the new system and the Valley South System through an open circuit
breaker at Sun City and Valley Substations to provide operational flexibility.

5. Reconductor existing Auld—Sun City 115 kV line which would become the Valley—Auld—Sun City 115 kV
line.

6. Reconductor approximately 7.7 miles of existing Auld-Moraga 115 kV line to 954 ACSR conductors.

Figure 5-5 presents a high-level representation of the proposed configuration.
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Figure 5-5. Menifee Project Scope
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5.3.3.2 System Performance under Normal Conditions (N-0)

Findings from the system analysis under N-O conditions are presented in Table 5-17 for the Effective PV
Forecast, Table 5-18 for the Spatial Base Forecast, and Table 5-19 for the PVWatts Forecast.

Table 5-17. Menifee N-0 System Performance (Effective PV Forecast)

Year Losses
(MWh) (MWh)

2022 0 0 48,898
2028 0 0 0 51,308
2033 0 0 0 53,316
2038 0 0 0 55,324
2043 3 3 1 57,332
2048 114 39 4 59,341

Table 5-18. Menifee N-0 System Performance (Spatial Base Forecast)

Year Losses
(MWh) (MWh)

2021 0 0 49,287
2022 0 0 0 50,035
2028 0 0 0 53,305
2033 0 0 0 56,030
2038 73 29 4 58,754
2043 417 83 8 61,479
2048 985 130 14 64,204

Table 5-19. Menifee N-0 System Performance (PVWatts Forecast)

Year Losses
(MWh) (MWh)

2022 0 0 48,898
2028 0 0 0 51,308
2033 0 0 0 50,553
2038 0 0 0 52,316
2043 0 0 0 54,079
2048 0 0 0 55,855
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5.3.3.3 System Performance under Normal Conditions (N-1)

Findings from the system analysis under N-1 conditions are presented in Table 5-20 for the Effective PV
Forecast, Table 5-21 for the Spatial Base Forecast, and Table 5-22 for the PVWatts Forecast.

Table 5-20. SCE Menifee N-1 System Performance (Effective PV Forecast)

Deficit Deficit Deficit
Year Flex-1 Flex-2-1 Flex-2-2

(MWh) (MWh) (MWh)
2022 0 0 0 21,339 40,625 574
2028 0 0 0 54,051 46,206 848
2033 4 2 2 81,311 52,058 1,168
2038 103 14 19 108,570 58,178 1,596
2043 472 22 67 135,830 63,655 2,038
2048 1040 38 155 163,090 67,659 2,384

Table 5-21. Menifee N-1 System Performance (Spatial Base Forecast)

LAR Deficit Deficit Deficit
Year MWh Flex-1 Flex-2-1 Flex-2-2
( ) (MWh) (MWh) (MWh)
0 0 0

2021 21,339 25,088 616
2022 0 0 0 54,465 26,706 715
2028 4 2 2 253,225 33,690 1,202
2033 156 18 22 418,858 39,569 1,710
2038 722 37 70 584,491 45,496 2,286

2043 1,968 56 163 750,124 50,845 2,902
2048 3,737 68 272 915,757 55,391 3,458

Table 5-22. Menifee N-1 System Performance (PVWatts Forecast)

Deficit Deficit Deficit
Flex-1 Flex-2-1 Flex-2-2

(MWh) (MWh) (MWh)

2022 21,339 24,267 571
2028 46,835 28,475 843
2033 68,082 28,590 850
2038 89,330 32,641 1,122
2043 47 10 11 110,577 36,471 1,426
2048 138 17 22 131,824 39,242 1,679
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In analyzing the Menifee project, the following constraints (Table 5-23) were found to be binding under
N-0 and N-1 conditions. These are the key elements that contribute to the LAR among other reliability
metrics under study (reported from need year and beyond).

In Table 5-23, only thermal violations associated with each constraint are reported.

Table 5-23. List of Menifee Project Thermal Constraints

Spatial Base | Effective PV
Overloaded Element Outage OL.lta.‘f’fe
Category Definition Year of Overload

Valley South Transformer N-0 N/A (base case) 2036 2043 -
Valley EFG-Tap 39 #1 N-0 N/A (base case) 2042 - -
Auld-Moraga #2 N-1 Auld-Moraga #1 2033 2038 2043
Valley EFG-
Valley EFG-Tap 39 N-1 T e 2043 2048 -
. Valley EFG-
Tap 39-Elsinore N-1 NSy 2033 2038 2043
Moraga-Tap 150 #1 N-1 Skylark-Tenaja 2043 2048 -
Skylark-Tap 22 #1 N-1 valley EFG- 2033 2038 2043
Elsinore-Fogarty
Valley EFG-Tap 22 N-1 Valley EFG- 2048 ; ;
Elsinore-Fogarty
. Moraga-
Valley EFG-Triton #1 N-1 2043 - -
Pechanga
Valley-Auld #3 N-1 valley ;';G'A“'d 2048 : -
Moraga-Pechanga N-1 Valley EFG - 2028 2033 2038
Triton

5.3.3.4 Evaluation of Benefits

The established performance metrics were compared between the baseline and the Menifee Project to
guantify the overall benefits accrued over a 30-year study horizon. The benefits are quantified as the
difference between the baseline and the ASP for each of the metrics.

The accumulative value of the benefits over the 30-year horizon is presented in Table 5-24 for the three
forecasts.
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Table 5-24. Cumulative Benefits — Menifee

Cumulative Benefits over | Cumulative Benefits over | Cumulative Benefits over
o - 30-year Horizon 30-year Horizon 30-year Horizon
ategory | Component (until 2048) (until 2048) (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast
N-0

Losses (MWh) 41,268 33,102 41,920
N-1 LAR (MWh) 5,724 15,368 47,913
N-1 IP (MW) 366 453 636
N-1 PFD (hr) 1,196 1,098 1,370
N-1 Flex-1 (MWh) 2,795,076 5,351,804 14,163,311
N-1 Flex-2-1 (MWh) 2,860,352 2,368,156 3,029,498
N-1 Flex-2-2 (MWh) 59,402 69,175 87,588
N-0 LAR (MWh) 22,751 56,229 135,609
N-0 IP (MW) 2,713 3,930 5,371
N-0 PFD (hr) 411 800 1,519

The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by
the Menifee Project. By design, the project includes a permanent transfer of relatively large load centers
in the Valley South System during the initial years. This provides significant N-O system relief, but at the
expense of limited operational flexibility. However, it is observed that the solution does not completely
address the N-0 overload condition on the Valley South System transformers.

5.3.3.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

1. With the project in service, overloading on the Valley South System transformers is avoided only in
the near-term horizon. Under N-0, 114 MWh of LAR is recorded in the Effective PV Forecast for 2048,
and 985 MWh is recorded in the Spatial Base Forecast. Across all sensitivities, the benefits range from
22.7 to 135.6 GWh of avoided LAR.

2. N-1 overloads are observable in the mid-term and long-term horizons for all forecasts. With the
project in service, the N-1 LAR benefits in the system range from 5.7 to 48 GWh through all forecast
sensitivities.

3. The project provides limited flexibility to address planned, unplanned, or emergency outages in the
system and HILP events that occur in the Valley South system.

4. Following a HILP event, the Menifee Project can serve a total of approximately 160 MW of load in
Valley South, beyond the permanent transfers leveraging capabilities of its tie-lines.

5. Overall, Menifee did not demonstrate comparable levels of performance to ASP in addressing the
needs identified in the Valley South System service territory. The project offers limited advantages in
addressing the short-term and long-term needs of the system.
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5.3.4 Mira Loma (Project E)

The objective of this alternative is to take advantage of the Mira Loma system to provide a new source of
supply into the Valley South service area. The project has been evaluated under the need year 2021/2022
(depending on the need year from forecast used for the study), 2028, 2033, 2038, 2043, and 2048. Each
of the reliability metrics established in Section 3.2.4 has been calculated using the study methodology
outlined in Section 3.2.3.

5.3.4.1 Description of Project Solution

1. Construct a new 220/115 kV substation with two transformers (including a spare) and associated
facilities. The substation would be located near SCE’s existing Mira Loma Substation and would be
provided power by looping in an existing 220 kV line. The proposed project would construct new
double-circuit 115 kV subtransmission lines from the new 220/115 kV substation to lvyglen Substation
in the Valley South System.

2. Transfer load at Ivyglen and Fogarty Substations from the Valley South System to the new 220/115 kV
system created.

3. Creates two system tie-lines between Valley South and the new system at Valley Substation and
Fogarty Substation, respectively.

4. The proposed project would construct new double-circuit 115 kV subtransmission lines from the new
220/115 kV substation to lvyglen Substation in the Valley South System.

5. Reconductor approximately 7.7 miles of existing Auld—Moraga 115 kV line to 954 ACSR conductors.

Figure 5-6 presents a high-level representation of the proposed configuration.
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Figure 5-6. Tie-line to Mira Loma Project Scope
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5.3.4.2 System Performance under Normal Conditions (N-0)

Findings from the system analysis under N-O conditions are presented in Table 5-25 for the Effective PV

Forecast, Table 5-26 for the Spatial Base Forecast, and Table 5-27 for the PVWatts Forecast.

Table 5-25. Mira Loma N-0 System Performance (Effective PV Forecast)

Losses
(MWh) (MwWh)

Table 5-26. Mira Loma N-0 System Performance (Spatial Base Forecast)

Year Losses
(MWh) (MwWh)

Table 5-27. Mira Loma N-0 System Performance (PVWatts Forecast)

Year Losses
(MWh) (MWh)

2022
2028
2033
2038
2043
2048

2021
2022
2028
2033
2038
2043
2048

2022
2028
2033
2038
2043
2048

0 0
82 31
314 84
807 138
1,905 184

0 0
106 38
607 104

1,449 172
3,365 238
4,958 294

0 0
0 0
58 24
273 69
526 184

0
0
4
9

22
30

0

4

12
29
45
81

N A O O O

30

48,453
50,945
53,021
55,097
57,173
59,250

48,849
49,618
42,629
48,041
53,453
58,864
64,276

48,453
50,945
53,021
55,097
57,173
59,250
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5.3.4.3 System Performance under Normal Conditions (N-1)

Findings from the system analysis under N-1 conditions are presented in Table 5-28 for the Effective PV

Forecast, Table 5-29 for the Spatial Base Forecast, and Table 5-30 for the PVWatts Forecast.

Table 5-28. Mira Loma N-1 System Performance (Effective PV Forecast)

Year

2022
2028
2033
2038
2043
2048

18
94
493
1,151

15
30
40

Deficit
Flex-1

(MWh)
39,336
99,638
149,889
27 200,140
66 250,391
127 300,643

Deficit
Flex-2-1
(MWh)

82,321
87,598
93,115
98,884
104,047
107,821

Deficit
Flex-2-2
(MWh)

654
949
1,306
1,777
2,232
2,624

Table 5-29. Mira Loma N-1 System Performance (Spatial Base Forecast)

Year

2021
2022
2028
2033
2038
2043
2048

LAR

(MWh)

12
253
822

2427
4599

19
36
57
77

Deficit
Flex-1
(MWh)

39,336

91,765
406,336
39 668,479
114 930,622

246 1,192,765
442 1,454,907

Deficit
Flex-2-1

(MWh)
83,384
85,427
93,744
100,380
106,913
112,783
117,771

Deficit
Flex-2-2
(MWh)

708
828
1,345
1,885
2,513
3,150
3,772

Table 5-30. Mira Loma N-1 System Performance (PVWatts Forecast)

2022
2028
2033
2038
2043
2048

Deficit
Flex-1

(MWh)
39,336

0

0 93,650
0 138,912
4 184,174
16 229,436
29 274,697

Deficit
Flex-2-1
(MWh)

82,321
87,598
87,737
92,531
96,915
100,017

Deficit
Flex-2-2
(MWh)

650

944

951
1,259
1,601
1,852
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In analyzing the Mira Loma Project, the following constraints (Table 5-31) were found to be binding under
N-0 and N-1 conditions. These are the key elements that contribute to the LAR among other reliability
metrics under study (reported from need year and beyond).

In Table 5-31, only thermal violations associated with each constraint are reported.

Table 5-31. List of Mira Loma Project Thermal Constraints

Spatial Base | Effective PV

Overloaded Element Outage Outage Definition
Category Year of Overload
Valley South Transformer N-0 N/A (base case) 2026 2031 2036
Valley EFG-Sun City N-0 N/A (base case) 2044 - -
Valley EFG-Tap 39 #1 N-0 N/A (base case) 2044 - -
Tap 39-Elsinore #1 N-0 N/A (base case) 2044 - -
Auld-Moraga #2 N-1 Auld-Moraga #1 2032 2038 2048
Valley EFG-

Valley EFG-Tap 39 #1 N-1 Newcomb-Skylark 2032 2038 2043
Tap 39-Elsinore #1 N-1 valley EFG- 2032 2038 2043

Newcomb-Skylark
Valley EFG-Elsinore-

Skylark-Tap 22 #1 N-1 e 2028 2033 2038
Valley EFG-Triton #1 N-1 Moraga-Pechanga 2038 2043 -
Valley EFG-Sun City N-1 Valley EFG-Auld #1 2038 2043 -
Valley EFG-Auld #1 N-1 Valley EFG-Sun City 2038 2045 -
Valley EFG-Tap 22#1 N-1 \I(IZHM?ZOI?:\:S 2038 2043 ;
Valley EFG-Auld #1 N-1 Valley EFG-Auld #2 2038 2043 -
Valley EFG-Sun City N-1 Valley EFG-Auld #2 2038 2043 -
Moraga-Pechanga N-1 Valley EFG-Triton 2028 2033 2038

5.3.4.4 Evaluation of Benefits

The established performance metrics were compared between the baseline and the Mira Loma Project to
quantify the overall benefits accrued over the 30-year study horizon. The benefits are quantified as the
difference between the baseline and Mira Loma for each of the metrics.

The accumulative value of the benefits over the 30-year horizon is presented in Table 5-32 for all three
forecasts.
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Table 5-32. Cumulative Benefits — Mira Loma

Cumulative Benefits Cumulative Benefits Cumulative Benefits
over 30-year Horizon over 30-year Horizon over 30-year Horizon
Category Sl e (until 2048) (until 2048) (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast

N-0 Losses (MWh) 48,851 40,333 47,004

N-1 LAR (MWh) 2,548 15,237 42,681

N-1 IP (MW) 42 421 603

N-1 PFD (hr) 1,011 1,125 214

N-1 Flex-1 (MWh) 623,316 3,251,880 6,363,238

N-1 Flex-2-1 (MWh) 1,252,410 1,263,410 1,326,687

N-1 Flex-2-2 (MWh) 55,850 64,919 82,069

N-0 LAR (MWh) 18,924 50,134 110,252

N-0 IP (MW) 1,720 2,270 2,721

N-0 PFD (hr) 362 554 935

The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by
the Mira Loma Project. Although the project demonstrates N-O benefits in the short-term horizon, the
project does not completely address the N-0 overload condition on the Valley South System transformers.
In the Spatial Base Forecast, the project fails to satisfy needs in the short-term horizon as well, resulting
in 106 MWh of LAR by 2028. The availability of system tie-lines does provide incremental flexibility to
support emergency and maintenance conditions in the system. However, these benefits are limited in
comparison to other solutions like ASP.

5.3.4.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

1. Withthe projectin service, limited relief is available to overload conditions on the Valley South System
transformers. Under N-0, 1,905 MWh of LAR is recorded under the Effective PV Forecast for 2048.
Similarly, the LAR of 5,000 MWh is recorded in the Spatial Base Forecast. Across all sensitivities, the
benefits range from 18.9 to 110 GWh of avoided LAR.

2. N-1 overloads are observable in the near-term and long-term horizons for all forecasts. With the
project in service, the N-1 benefits in the system range from 2.5 to 42.6 GWh through all forecasts.

3. The project offers limited flexibility to address planned, unplanned, or emergency outages in the
system and HILP events that occur in the Valley South system.

4. Following a HILP event, Mira Loma can recover approximately 110 MW of load in Valley South, beyond
the permanent transfers leveraging capabilities of its tie-lines.

5. Overall, Mira Loma did not demonstrate comparable levels of performance to the ASP in addressing
the needs identified in the Valley South System service territory. The project offers limited advantages
in addressing the short-term and long-term needs of the system.
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5.3.5 Valley South to Valley North project (Project F)

The objective of this project is to transfer Newcomb and Sun City Substations from the Valley South system
to the Valley North System. Under normal conditions, the Valley North System does not approach its
transformer rated capacity until 2045 in the Spatial Base Forecast. In all other forecasts, the loading does
not exceed transformer capacity. Initial screening studies demonstrated that the load transfer would
result in minimal line overloads (N-0 and N-1) in the Valley North system, however, transformer loading
would be at risk of exceeding rated capacity. Due to this, only the LAR (N-0) reliability metric was amended
to include monitoring loading of the Valley North transformers. Potential N-1 impacts on the Valley North
system have not been considered in the metrics.

The project was considered to leverage the capabilities of tie-lines to move loads between the Valley
South System and the Valley North System. However, this transfer would not satisfy the short-term and
long-term objectives of the projects. No incremental benefits are provided to the Valley South System in
this configuration because no additional load can be transferred to Valley North during emergency or
maintenance conditions in the network. The project has been evaluated under the need year 2021/2022
(depending on the need year from forecast used for the study), 2028, 2033, 2038, 2043, and 2048. Each
of the reliability metrics established in Section 3.2.4 has been calculated using the study methodology
outlined in Section 3.2.3.

5.3.5.1 Description of Project Solution

The proposed project would include the following components:

1. The proposed project would transfer the loads at Newcomb and Sun City Substations from the Valley
South System to the Valley North System through the construction of new 115 kV lines.

2. Normally-open circuit breakers at the Valley South bus and Sun City Substation are maintained as
system tie-lines between Valley North and Valley South for transfer flexibility.

3. Reconductor existing Auld—Sun City 115 kV line which would become the Valley—Auld—Sun City 115
kV line.

4. Reconductor approximately 7.7 miles of existing Auld—Moraga 115 kV line to 954 ACSR conductors.

Figure 5-7 presents a high-level representation of the proposed configuration.
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Figure 5-7. Tie-lines between Valley South and Valley North Project Scope
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Findings from the system analysis under N-O conditions are presented in Table 5-33 for the Effective PV
Forecast, Table 5-34 for the Spatial Base Forecast, and Table 5-35 for the PVWatts Forecast.

Table 5-33. Valley South to Valley North N-0 System Performance (Effective PV Forecast)

T Losses
(MWh) (MWh)

2022
2028
2033
2038
2043
2048

136
779
2,680

14
44
192

0
0
0
4
20
55

49,328
51,777
53,817
55,858
57,898
59,939

Table 5-34. Valley South to Valley North N-0 System Performance (Spatial Base Forecast)

T Losses
(MWh) (MWh)

2021
2022
2028
2033
2038
2043
2048

0
0
305
2,468
8,146
16,818

0
0
56
173
310
433

0
0
13
56
104
165

49,723
50,479
53,801
56,568
59,336
62,104
64,872

Table 5-35. Valley South to Valley North N-0 System Performance (PVWatts Forecast)

Year Losses
(MWh) (MWh)

2022
2028
2033
2038
2043
2048

750

o O O o

202

0
0
0
0
6

19

49,328
50,960
51,342
53,028
54,713
56,399
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Findings from the system analysis under N-1 conditions are presented in Table 5-36 for the Effective PV
Forecast, Table 5-37 for the Spatial Base Forecast, and Table 5-38 for the PVWatts Forecast.

Table 5-36. Valley South to Valley North N-1 System Performance (Effective PV Forecast)

2022
2028
2033
2038
2043
2048

Year LA
(MW

0

4
103
472
1040

R
h)
0 0

14
27
38

19
67
155

Deficit
Flex-1
(MWh)

21,339
54,051
81,311
108,570
135,830
163,090

Deficit
Flex-2-1
(MWh)
127,935
133,688
139,702
145,991
151,619
155,733

Deficit
Flex-2-2
(MWh)
574
848
1,168
1,596
2,038
2,384

Table 5-37. Valley South to Valley North N-1 System Performance (Spatial Base Forecast)

Year LA
(MW

2021
2022
2028
2033
2038
2043
2048

0
4
156
722
1968
3737

R
h)
0 0

0
2
18
37
56
68

22
70
163
272

Deficit
Flex-1
(MWh)

21,339
54,465
253,225
418,858
584,491
750,124
915,757

Deficit
Flex-2-1
(MWh)

129,095
140,388
140,388
147,622
154,744
161,142
166,580

Deficit
Flex-2-2
(MWh)
616
1,202
1,202
1,710
2,286
2,902
3,458

Table 5-38. Valley South to Valley North N-1 System Performance (PVWatts Forecast)

2022
2028
2033
2038
2043
2048

0
0
0
0

47
138

Year LAR
(MWh)

0
0
0
0

10
17

Deficit Flex-
1

(MWh)

21,339
46,835
68,082
89,330
110,577
131,824

Deficit Flex-

2-1
(MWh)

127,935
133,688
133,840
139,065
143,845
147,226

Deficit Flex-
2-2
(MWh)
571
843
850
1,122
1,426
1,679
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In analyzing the Valley North to Valley South Project, the following constraints (Table 5-39) were found to
be binding under N-0 and N-1 conditions. These are the key elements that contribute to the LAR among
other reliability metrics under study (reported from need year and beyond).

In Table 5-39, only thermal violations associated with each constraint are reported.

Table 5-39. List of Valley South to Valley North Thermal Constraints

Spatial Base | Effective PV
Overloaded Element Outage Olft?g.e
Category Definition Year of Overload

Valley South Transformer N-0 N/A (base case) 2036 2043 -
Valley EFG-Tap 39 #1 N-0 N/A (base case) 2042 - -
Auld-Moraga #2 N-1 Auld-Moraga #1 2033 2038 2043
Valley EFG-
Valley EFG-Tap 39 N-1 N S e 2043 2048 =
. Valley EFG-
Tap 39-Elsinore N-1 L R 2033 2038 2043
Moraga-Tap 150 #1 N-1 Skylark-Tenaja 2043 2048 -
Skylark-Tap 22 #1 N-1 Valley EFG- 2033 2038 2043
Elsinore-Fogarty
Valley EFG-
Valley EFG-Tap 22 N-1 B 2048 - -
Valley EFG-Triton #1 N-1 Moraga-Pechanga 2043 - -
Valley-Auld #3 N-1 Valley EFG-Auld #1 2048 - -
Moraga-Pechanga N-1 Valley EFG - Triton 2028 2033 2038

5.3.5.4 Evaluation of Benefits

The established performance metrics were compared between the baseline and the Valley South to Valley
North Project to quantify the overall benefits accrued over the 30-year study horizon. The benefits are
guantified as the difference between the baseline and the Valley South to Valley North Project for each
of the metrics.

The accumulative value of the benefits over the 30-year horizon is presented in Table 5-40 for the three
forecasts.
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Table 5-40. Cumulative Benefits — Valley South to Valley North

Cumulative Benefits
over 30-year Horizon

Cumulative Benefits | Cumulative Benefits
over 30-year Horizon | over 30-year Horizon

Category Component (until 2048) (until 2048) (unti'l 2048)
PVWatts Forecast Effective PV Forecast Sp;)t ;Zi:;se

N-0 Losses (MWh) 26,508 19,221 26,468
N-1 LAR (MWh) 5,724 15,368 47,913
N-1 IP (MW) 366 453 636
N-1 PFD (hr) 1,196 1,098 1,371
N-1 Flex-1 (MWh) 2,795,076 5,351,804 14,163,311
N-1 Flex-2-1 (MWh) - - -
N-1 Flex-2-2 (MWh) 59,402 69,175 87,588
N-0 LAR (MWh) 20,124 45,492 40,848
N-0 IP (MW) 1,910 3,211 2,380
N-0 PFD (hr) 328 537 288

The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by
the Valley South to Valley North Project. By design, the project includes a permanent transfer of large load
centers in the Valley South System during initial years. This provides significant N-0 system relief in the
Valley South System, but at the expense of limited operational flexibility. However, it is observed that the
solution does not completely address the N-O overload condition on the Valley South System
transformers. Additionally, the transformer overload condition is propagated to the Valley North System
transformers starting from the year 2030 in the Spatial Base Forecast and 2036 in the Effective PV
Forecast.

5.3.5.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

1. With the project in service, overloading on the Valley South transformer is avoided in the near term
and long-term horizon till the year 2043. However, the transfer of loads results in overloads on the
Valley North transformer by the year 2037. 2,600 MWh of LAR is recorded under N-0 condition in the
Effective PV Forecast and 16,800 MWh in the Spatial Base Forecast in the year 2048. Across all
sensitivities, the benefits range from 20.1 to 45.4 GWh of avoided LAR.

2. N-1 overloads are observable in the near-term and long-term horizons for all forecasts. With the
project in service, the N-1 benefits in the system range from 5.7 to 47.9 GWh through all forecasts.

3. The project provides limited flexibility to address planned, unplanned, or emergency outages in the
system and HILP events that occur in the Valley South System.

4. During potential HILP events impacting Valley Substation, the project is unable to serve incremental
load in the Valley South system.
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5. Overall, the Valley South to Valley North Project did not demonstrate comparable levels of
performance to the ASP in addressing the needs identified in the Valley South System service territory.
The project offers limited advantages in addressing the short-term and long-term needs of the system.

5.3.6 Valley South to Valley North to Vista (Project G)

The objective of this project would be to transfer the loads at Newcomb and Sun City Substations to the
Valley North System (identical to Project F). Additionally, the load at Moreno Substation in the Valley
North System would be transferred to the Vista 220/115 kV system. The premise of this methodology is
to relieve loading on the Valley North System to accommodate a load transfer from the Valley South
System. Initial screening studies demonstrated that the load transfer would result in minimal line
overloads (N-0 and N-1) in the Valley North System, however, transformer loading would be at risk of
exceeding rated capacity. Due to this, only the LAR (N-0) reliability metric was amended to include
monitoring loading of the Valley North transformers. Potential N-1 impacts on the Valley North System
have not been considered in the metrics. The project has been evaluated under the need year 2021/2022
(depending on the need year from forecast used for the study), 2028, 2033, 2038, 2043, and 2048. Each
of the reliability metrics established in Section 3.2.4 has been calculated using the study methodology
outlined in Section 3.2.3

5.3.6.1 Description of Project Solution

The proposed project would include the following components:

1. Moreno Substation is transferred to Vista 220/115 kV system through existing system tie-lines
between Valley North and Vista Systems.

2. New 115 kV line construction to restore subtransmission network connectivity following transfer at
Moreno Substation.

3. Normally-open circuit breaker at Moreno Substation to provide a system tie-line between the Vista
system and the Valley North System.

4. The proposed project would also transfer the loads at Newcomb and Sun City Substations from the
Valley South System to the Valley North System through the construction of new 115 kV lines (see
Project F).

5. Normally-open circuit breakers at the Valley South bus and the Sun City Substation are maintained as
system tie-lines between the Valley North System and the Valley South System for transfer flexibility.

6. Reconductor existing Auld—Sun City 115 kV line which would become the Valley—Auld-Sun City 115
kV line.

7. Reconductor approximately 7.7 miles of existing Auld—Moraga 115 kV line to 954 ACSR conductors.

Figure 5-8 presents a high-level representation of the proposed configuration.
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Figure 5-8. Tie-lines between Valley South to Valley North to Vista
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5.3.6.2 System Performance under Normal Conditions (N-0)

Findings from the system analysis under N-O conditions are presented in Table 5-41 for the Effective PV
Forecast, Table 5-42 for the Spatial Base Forecast, and Table 5-43 for the PVWatts Forecast.

Table 5-41. Valley South to Valley North to Vista N-0 System Performance (Effective PV Forecast)

Losses
(MWh) (MWh)

2022 0 0 49,328
2028 0 0 0 51,777
2033 0 0 0 54,225
2038 0 0 0 55,858
2043 83 31 6 57,898
2048 852 121 22 59,939

Table 5-42. Valley South to Valley North to Vista N-0 System Performance (Spatial Base Forecast)

Losses
Year
(MWh) (MWh)

2021 0 0 49,723
2022 0 0 0 50,479
2028 0 0 0 53,801
2033 0 0 0 56,568
2038 756 112 23 59,336
2043 3,843 246 66 62,104
2048 9,003 365 119 64,872

Table 5-43. Valley South to Valley North to Vista N-0 System Performance (PVWatts Forecast)

Year Losses
(MWh) (MWh)

2022 0 0 49,328
2028 0 0 0 50,960
2033 0 0 0 51,342
2038 0 0 0 53,028
2043 0 0 0 54,713
2048 68 37 5 56,399
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Findings from the system analysis under N-1 conditions are presented in Table 5-44 for the Effective PV
Forecast, Table 5-45 for the Spatial Base Forecast, and Table 5-46 for the PVWatts Forecast.

Table 5-44. Valley South to Valley North to Vista N-1 System Performance (Effective PV Forecast)

Year

2022
2028
2033
2038
2043
2048

103
472
1040

14
27
38

19
67
155

Deficit
Flex-1

(MWh)
21,339
54,051
81,311
108,570
135,830
163,090

Deficit
Flex-2-1
(MWh)

127,935
133,688
139,702
145,991
151,619
155,733

Deficit
Flex-2-2
(MWh)

574
848
1,168
1,596
2,038
2,384

Table 5-45. Valley South to Valley North to Vista N-1 System Performance (Spatial Base Forecast)

Year LA
(MW

2021
2022
2028
2033
2038
2043
2048

156
722
1968
3737

0
2
18
37
56
68

R
h)
0 0 0

0
2
22
70
163
272

Deficit
Flex-1
(MWh)

21,339
54,465
253,225
418,858
584,491
750,124
915,757

Deficit
Flex-2-1
(MWh)

129,095
140,388
140,388
147,622
154,744
161,142
166,580

Deficit
Flex-2-2
(MWh)

616
1,202
1,202
1,710
2,286
2,902
3,458

Table 5-46. Valley South to Valley North to Vista N-1 System Performance (PVWatts Forecast)

2022
2028
2033
2038
2043
2048

o O O o

138

0
0
0
1

11
22

Deficit
Flex-1
(MWh)

21,339
46,835
68,082
89,330
110,577
131,824

Deficit
Flex-2-1
(MWh)

127,935
133,688
133,840
139,065
143,845
147,226

Deficit
Flex-2-2

(MWh)
571
843
850

1,122
1,426
1,679
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In analyzing the Valley North to Valley South to Vista Project, the following constraints (Table 5-47) were
found to be binding under N-0 and N-1 conditions. These are the key elements that contribute to the LAR
among other reliability metrics under study (reported from need year and beyond).

In Table 5-47, only thermal violations associated with each constraint are reported.

Table 5-47. List of Valley North to Valley South to Vista Project Thermal Constraints

Spatial Base | Effective PV
Overloaded Element Outage Definition
Category Year of Overload

Outage

Valley South Transformer N-0 N/A (base case) 2036 2043 -
Valley EFG-Tap 39 #1 N-0 N/A (base case) 2042 - -
Auld-Moraga #2 N-1 Auld-Moraga #1 2033 2038 2043
Valley EFG-Tap 39 N-1 Valley EFG-Newcomb- 2043 2048 -
Skylark
Tap 39-Elsinore N-1 CELIE7 ARG 2033 2038 2043
Skylark
Moraga-Tap 150 #1 N-1 Skylark-Tenaja 2043 2048 -
Skylark-Tap 22 #1 N-1 VRIS [EAEHE R 2033 2038 2043
Fogarty
Valley EFG-Tap 22 N-1 Valley EFG-Elsinore- 2048 - -
Fogarty
Valley EFG-Triton #1 N-1 Moraga-Pechanga 2043 - -
Valley-Auld #3 N-1 Valley EFG-Auld #1 2048 - -
Moraga-Pechanga N-1 Valley EFG - Triton 2028 2033 2038

5.3.6.4 Evaluation of Benefits

The established performance metrics were compared between the baseline and the Valley South to Valley
North to Vista Project to quantify the overall benefits accrued over the 30-year study horizon. The benefits
are quantified as the difference between the baseline and the Valley South to Valley North to Vista Project
for each of the metrics.

The accumulative value of benefits over the 30-year horizon is presented in Table 5-48 for all three
forecasts.
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Cumulative Benefits
over 30-year Horizon
(until 2048)

Spatial Base Forecast

Cumulative Benefits
over 30-year Horizon
(until 2048)

Effective PV Forecast

Cumulative Benefits
over 30-year Horizon
(until 2048)

PVWatts Forecast

Category Component

N-0 Losses (MWh) 26,508 19,221 26,468
N-1 LAR (MWh) 5,724 15,368 47,913
N-1 IP (MW) 366 453 636
N-1 PFD (hr) 1,196 1,098 1,371
N-1 Flex-1 (MWh) 2,795,076 5,351,804 14,163,311
N-1  Flex-2-1 (MWh) - - -

N-1  Flex-2-2 (MWh) 59,402 69,175 87,588
N-0 LAR (MWh) 22,613 53,700 91,349
N-0 1P (MW) 2,638 3,569 3,422
N-0 PFD (hr) 399 725 824

The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by
the Valley South to Valley North to Vista Project. By design, the project includes a permanent transfer of
large load centers in Valley South during initial years. This provides significant N-0 system relief in Valley
South, but at the expense of limited operational flexibility. However, it is observed that the solution does
not completely address the N-O overload condition on the Valley South System transformers. However,
the transformer overload condition is propagated to the Valley North System transformers starting from
the year 2041 in the Effective PV Forecast. The project also includes a transfer of load from the Valley
North System to the Vista System. This temporarily remedies the system overload but does not provide
relief over the long-term horizon.

5.3.6.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

1. With the project in service, overloading on the Valley South system transformers is avoided in the
near-term and long-term horizons until the year 2043. However, the transfer of loads results in
overloads on the Valley North System transformers in the year 2041, with a transfer of loads to the
Vista System. Under N-0, 852 MWh of LAR is recorded in the Effective PV Forecast for 2048 and 9,000
MWh in the Spatial Base Forecast. Across all sensitivities, the benefits range from 22.6 to 91.3 GWh
of avoided LAR.

2. N-1 overloads are observable in the mid-term and long-term horizons for all forecasts. With the
project in service, the N-1 benefits in the system range from 5.7 to 47.9 GWh through all forecasts.

3. The project provides limited flexibility to address planned, unplanned, or emergency outages in the
system and HILP events that occur in the Valley South System.
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4. During potential HILP events affecting Valley Substation, the design of this project does not provide
the ability to recover load in the Valley South System through leveraging capabilities of its system tie-
lines.

5. Overall, Valley South to Valley North to Vista did not demonstrate comparable levels of performance
to the ASP in addressing the needs identified in the Valley South System service territory. The project
offers limited advantages in addressing the short-term and long-term needs of the System

5.3.7 Centralized BESS in Valley South Project (Project H)

The premise of this solution is to utilize BESS to be appropriately sized for meeting the reliability needs of
the system. Storage has been separately sized for each of the forecasts under consideration, and their
performance has been evaluated. Two locations in the Valley South System are considered, near SCE’s
existing Pechanga and Auld Substation, respectively, with a maximum capacity to accommodate 200 MW
each. The project has been evaluated under the need year 2021/2022 (depending on the need year from
forecast used for the study), 2028, 2033, 2038, 2043, and 2048. Each of the reliability metrics established
in Section 3.2.4 has been calculated using the study methodology outlined in Section 3.2.3

5.3.7.1 Description of Project Solution

The proposed project would include the following components:

1. The point of interconnection would be near Pechanga and/or Auld Substations following the
construction of necessary 115 kV substation facilities and 115 kV line reconfiguration.

2. The initial BESS would be constructed near Pechanga Substation with an ultimate design capacity of
200 MW. Once this maximum value is reached, a subsequent and similar installation would be
constructed near Auld Substation.

3. In order to meet the future needs of the Valley South System from 2021/2022 to 2048, the following
storage sizes have been established. Sizing analysis has been performed for all forecasts on a 5-year
outlook (i.e., in the year 2021, investments are made to cover the 5-year horizon till 2026). The
incremental storage sizes are presented in Table 5-49 through Table 5-51.

4. Due to the radial design of the Valley South System under the study, locating the BESS
interconnection near Pechanga or Auld Substations would not result in significant differences to N-0
system performance and reliability indices.

5. Inthe Valley South system, a contingency reserve of 10 MW / 50 MWh is maintained per SCE
planning criteria and guidelines for N-1 conditions.
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Table 5-49. Storage Sizing and Siting — Spatial Base Forecast (Storage MW and MWh)

Total Battery Size

110 433

2021

2026 64 436

2031 36 279 28 227
2036 61 485
2041 54 491
2046 18 191

Total Battery Size (including contingency):
371 MW / 2542 MWh

Table 5-50. Storage Sizing and Siting — Effective PV Forecast (Storage MW and MWh)

Total Battery Size

I TR
[ vw | ovwn | ovw | omwh

2022 71 216
2027 47 281
2032 57 377
2037 34 264 18 153
2042 46 375

Total Battery Size (including contingency):
273 MW/ 1666 MWh

Table 5-51. Storage Sizing and Siting — PVWatts Forecast (Storage MW and MWh)

Total Battery Size

2022 68 216
2027 5 31

2032 46 237
2037 45 286
2042 38 299

Total Battery Size (including contingency):
202 MW/ 1069 MWh
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Figure 5-9 presents a high-level representation of the proposed configuration. The proposed configuration
would loop into or tap along the Pechanga to Pauba circuit and Auld to Moraga circuit.
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Figure 5-9. Energy Storage at Pechanga and/or Auld Substation
as part of the Centralized BESS in the Valley South Project Scope
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5.3.7.2 System Performance under Normal Conditions (N-0)

Findings from the system analysis under N-O conditions are presented in Table 5-52 for the Effective PV
Forecast, Table 5-53 for the Spatial Base Forecast, and Table 5-54 for the PVWatts Forecast.

Table 5-52. Centralized BESS in Valley South N-0 System Performance (Effective PV Forecast)

Year LAR Losses

(Mwh) (Mwh)
2022 0 0 0 48,531
2028 0 0 0 50,808
2033 0 0 0 52,705
2038 0 0 0 54,602
2043 0 0 0 56,499
2048 0 0 0 58,396

Table 5-53. Centralized BESS in Valley South N-0 System Performance (Spatial Base Forecast)

LAR Losses
Year

2021 0 0 0 48,908
2022 0 0 0 49,636
2028 0 0 0 52,664
2033 0 0 0 55,188
2038 0 0 0 57,711
2043 0 0 0 60,235
2048 0 0 0 62,758

Table 5-54. Centralized BESS in Valley South N-0 System Performance (PVWatts Forecast)

Year LAR Losses
(MWh) (MWh)
0

2022 0 0 48,531
2028 0 0 0 50,808
2033 0 0 0 50,455
2038 0 0 0 52,037
2043 0 0 0 53,618
2048 0 0 0 55,199
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5.3.7.3 System Performance under Normal Conditions (N-1)

Findings from the system analysis under N-1 conditions are presented in Table 5-55 for the Effective PV
Forecast, Table 5-56 for the Spatial Base Forecast, and Table 5-57 for the PVWatts Forecast.

Table 5-55. Centralized BESS N-1 System Performance (Effective PV Forecast)

LAR Deficit Deficit Deficit
Year MWh Flex-1 Flex-2-1 Flex-2-2
( ) (MWh) (MWh) (MWh)

2022 0 0 0 39,866 127,935 2,150
2028 0 0 0 100,979 133,688 2,781
2033 0 0 0 151,907 139,702 3,504
2038 0 0 0 202,835 145,991 4,362
2043 0 0 0 253,763 151,619 5,166
2048 0 0 0 304,690 155,733 5,772

Table 5-56. Centralized BESS N-1 System Performance (Spatial Base Forecast)

LAR Deficit Deficit Deficit
Year (MWh) Flex-1 Flex-2-1 | Flex-2-2
(MWh) (MWh) (MWh)
2021 0 0 0 39,866 129,095 2,253
2022 0 0 0 52,459 131,322 2,486
2028 0 0 0 128,019 140,388 3,577
2033 0 0 0 190,985 147,622 4,567
2038 0 0 0 253,952 154,744 5,595
2043 0 0 0 316,918 161,142 6,584
2048 31 7 4 379,885 166,580 7,466

Table 5-57. Centralized BESS N-1 System Performance (PVWatts Forecast)

Deficit Deficit Deficit
Flex-1 Flex-2-1 Flex-2-2

(MWh) (MWh) (MWh)

2022 0 0 0 39,866 127,935 2,138
2028 0 0 0 57,449 133,688 2,765
2033 0 0 0 72,101 133,840 2,780
2038 0 0 0 86,753 139,065 3,404
2043 0 0 0 101,405 143,845 4,047
2048 0 0 0 116,058 147,226 4,516
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In analyzing the Centralized BESS in Valley South Project, the following constraints (Table 5-58) were found
to be binding under N-0 and N-1 conditions. These are the key elements that contribute to the LAR among
other reliability metrics under study (reported from need year and beyond).
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In Table 5-58, only thermal violations associated with each constraint are reported.

Table 5-58. List of Centralized BESS in Valley South Project Thermal Constraints

Spatial Base Effective PV
Year of Overload

Outage
Category

Outage Definition

Overloaded Element

Valley EFG-Newcomb-

Valley EFG-Tap 39 N-1 Skylark 2048 - -

Tap 39-Elsinore N-1 LIRS 2048 - -
Skylark

Valley EFG-Tap 22 #1 N-1 Valley EFG-Newcomb 2048 - -

EFG-Elsi -

Skylark-Tap 22 #1 N-1 LCELRTURG AT 2048 - ;
Fogarty

Moraga-Tap 150 N-1 Skylark-Tenaja 2048 - -

5.3.7.4 Evaluation of Benefits

The established performance metrics were compared between the baseline and the Centralized BESS in
Valley South Project to quantify the overall benefits accrued over the 30-year study horizon. The benefits
are quantified as the difference between the baseline and the Centralized BESS in Valley South.

The accumulative value of the benefits over the 30-year horizon is presented in Table 5-59 for the three
forecasts.

Table 5-59. Cumulative Benefits — Centralized BESS in Valley South

Cumulative Benefits
over 30-year Horizon

Cumulative Benefits
over 30-year Horizon

Cumulative Benefits

over 30-year Horizon

ST || (DT (until 2048) (until 2048) (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast

N-0 Losses (MWh) 52,822 50,796 67,206
N-1 LAR (MWh) 6,375 21,684 73,275
N-1 IP (MW) 467 780 1,375
N-1 PFD (hr) 1,320 1,999 3,456
N-1 Flex-1 (MWh) 2,757,800 3,190,086 21,406,139
N-1 Flex-2-1 (MWh) - - -
N-1 Flex-2-2 (MWh) 834 1,487 5,182
N-0 LAR (MWh) 22,751 56,581 140,939
N-0 IP (MW) 2,713 4,056 6,291
N-0 PFD (hr) 411 815 1,617
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The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by
the Centralized BESS in Valley South Project. The project provides significant relief addressing the N-0 and
N-1 needs in the Valley South System. However, the solution does not offer any flexibility in terms of
system tie-lines and capabilities to support planned, unplanned, or emergency conditions in the system.
The batteries alone cannot complement the system needs during HILP events since they are not
configured to operate as microgrids, nor are they a viable alternative to system tie-lines for extended
events of extended duration.

5.3.7.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

1. With the project in service, overloading on the Valley South transformer is avoided in the near-term
and long-term horizon. Across all sensitivities, the benefits range from 22.7 to 140.9 GWh of avoided
LAR.

2. Minimal N-1 overloads are observable in the long-term horizon for all forecasts. With the project in
service, the N-1 LAR benefits in the system range from 6.3 to 73.2 GWh through all forecasts.

3. The project provides limited flexibility to address planned, unplanned, or emergency outages in the
system and HILP events that occur in the Valley South System.

4. Due to HILP events affecting Valley Substation, the project is unable to serve incremental load in the
Valley South System. The BESS installed capacity cannot be effectively be translated to any benefits
due to limited opportunities for charging that could reasonably be expected during HILP events.

5. Overall, the Centralized BESS in Valley South Project did not demonstrate comparable levels of
performance to the ASP in addressing the needs identified in the Valley South System service territory.
While the project addressed N-O and N-1 needs across the horizon, the solution offers limited
flexibility benefits with higher implementation costs.

5.3.8 Valley South to Valley North and Distributed BESS in Valley South project (Project )

The objective of this project is to transfer Newcomb and Sun City Substations to Valley North (identical to
Project F) along with the procurement of distribution-system connected BESS (utility-scale DER) in the
Valley South System. In this analysis, a load transfer from the Valley South System to the Valley North
System precedes the investment in a distributed BESS. Initial screening studies demonstrated that the
load transfer would result in minimal line overloads (N-0 and N-1) in the Valley North System, however,
transformer loading would be at risk of exceeding rated capacity. Due to this, only the LAR (N-0) reliability
metric was amended to include monitoring loading of the Valley North transformers. Potential N-1
impacts on the Valley North System have not been considered in the metrics. The project has been
evaluated under the need year 2021/2022 (depending on the need year from forecast under study), 2028,
2033, 2038, 2043, and 2048. Each of the reliability metrics established in Section 3.2.4 has been calculated
using the study methodology outlined in Section 3.2.3.
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5.3.8.1 Description of Project Solution

The proposed project would include the following components:

1. The proposed project would transfer the loads at Newcomb and Sun City Substations from the Valley
South System to the Valley North system through new 115 kV construction and reconfiguration.

2. Normally-open circuit breakers at the Valley South system bus and at Sun City Substation are
maintained as system tie-lines between the Valley North system and the Valley South System for
transfer flexibility.

3. Storage investments are made in 5-year increments during identified need years when the Valley
South System transformers exceed their rated capacity. The initial need year is identified as 2036 and
2043 in the Spatial Base and Effective PV Forecasts, respectively. No procurements are required in the
PVWatts Forecast.

4. Storage investments totaling 50 MW are made at Auld, Elsinore, and Moraga Substations, which have
been identified as having sufficient space to likely accommodate on-site BESS installations. The
50 MW total of BESS was modeled as 10 MW at Auld, 20 MW at Elsinore, and 20 MW at Moraga
Substation.

5. Reconductor approximately 7.7 miles of existing Auld—Moraga 115 kV line to 954 ACSR conductors.

Figure 5-10 presents a high-level representation of the proposed configuration.

VS to VN and

—| Distributed BESS in VS

valley Substation [ABC Bus|

heyglen -T

SYIENIL

Schematic Representation. Not to scale.

Figure 5-10. Tie-lines between Valley South and Valley North and Distributed BESS in Valley South Project Scope

CONFIDENTIAL/PROPRIETARY © 2021 QUANTA TECHNOLOGY, LLC

G-2, Page 118



Cj QUANTA REPORT (V2)
’ TECHNOLOGY

DELIVERABLE 3: BENEFIT COST ANALYSIS OF THE ALTERNATIVES PROJECTS | SCE

5.3.8.2 System Performance under Normal Conditions (N-0)

Findings from the system analysis under N-O conditions are presented in Table 5-60 for the Effective PV
Forecast, Table 5-61 for the Spatial Base Forecast, and Table 5-62 for the PVWatts Forecast.

Table 5-60. Valley South to Valley North and Distributed BESS in Valley South N-0 System Performance
(Effective PV Forecast)

Year Losses
(MWh) (MWh)

2022 0 49,328
2028 0 0 0 51,777
2033 0 0 0 53,817
2038 136 14 4 55,858
2043 775 43 19 57,898
2048 2,567 156 57 59,923

Table 5-61. Valley South to Valley North and Distributed BESS in Valley South N-0 System Performance
(Spatial Base Forecast)

Year Losses
(MWh) (MWh)

2021 49,723
2022 0 0 0 50,479
2028 0 0 0 53,801
2033 305 56 13 56,568
2038 2,388 143 51 59,310
2043 7,789 253 102 62,034
2048 16,127 371 159 64,749

Table 5-62. Valley South to Valley North and Distributed BESS in Valley South N-0 System Performance
(PVWatts Forecast)

Year Losses
(MWh) (MWh)

2022 0 0 49,328
2028 0 0 0 50,960
2033 0 0 0 51,342
2038 0 0 0 53,028
2043 94 49 6 54,713
2048 750 202 19 56,399
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5.3.8.3 System Performance under Normal Conditions (N-1)

Findings from the system analysis under N-1 conditions are presented in Table 5-63 for the Effective PV
Forecast, Table 5-64 for the Spatial Base Forecast, and Table 5-65 for the PVWatts Forecast.

Table 5-63. Valley South to Valley North and Distributed BESS in Valley South N-1 System Performance
(Effective PV Forecast)

LAR Deficit Deficit Deficit
Year (MWh) Flex-1 Flex-2-1 | Flex-2-2
(MWh) (MWh) (MWh)
2022 0 0 0 17,489 127,935 571
2028 0 0 0 44,298 133,688 843
2033 4 2 2 66,640 139,702 1,161
2038 103 14 19 88,981 145,991 1,586
2043 324 18 45 111,322 151,619 2,025
2048 614 23 80 133,664 155,733 2,366

Table 5-64. Valley South to Valley North and Distributed BESS in Valley South N-1 System Performance
(Spatial Base Forecast)

Deficit Deficit Deficit
Flex-1 Flex-2-1 Flex-2-2

(MWh) (MWh) (MWh)

2021 0 0 0 17,489 129,095 616

2022 0 0 0 70,726 131,322 715

2028 4 2 2 390,153 140,388 1,202
2033 156 18 22 656,341 147,622 1,710
2038 488 23 69 922,530 154,744 2,247
2043 1357 33 155 1,188,719 161,142 2,823
2048 2506 65 243 1,454,907 166,580 3,320

Table 5-65. Valley South to Valley North and Distributed BESS in Valley South N-1 System Performance
(PVWatts Forecast)

LAR Deficit Deficit Deficit
Year (MWh) Flex-1 Flex-2-1 | Flex-2-2
(MWh) (MWh) (MWh)
2022 0 0 17,489 127,935 571
2028 0 0 0 43,874 133,688 843
2033 0 0 0 65,861 133,840 850
2038 0.4 0.4 1 87,849 139,065 1,122
2043 47 10 11 109,836 143,845 1,426
2048 138 17 22 131,824 147,226 1,679
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In analyzing the Valley South to Valley North and Distributed BESS in Valley South Project, the following
constraints (Table 5-66) were found to be binding under N-O and N-1 conditions. These are the key
elements that contribute to the LAR among other reliability metrics under study (reported from 2022 and
beyond).

In Table 5-66, only thermal violations associated with each constraint are reported.

Table 5-66. List of Valley South to Valley North and Distributed BESS in Valley South project Thermal Constraints

Spatial Base Effective PV

Overloaded Element Outage Outage Definition
Category Year of Overload
Valley South Transformer N-0 N/A (base case) 2036 2043 -
Valley North Transformer N-0 N/A (base case) 2030 -
Auld-Moraga #2 N-1 Auld-Moraga #1 2033 2038 2043
Valley EFG-
Valley EFG-Tap 39 N-1 e e 2043 - -
. Valley EFG-
Tap 39-Elsinore N-1 D 2033 2038 2043
Moraga-Tap 150 #1 N-1 Skylark-Tenaja 2043 - -
Skylark-Tap 22 #1 N-1 valley EFG- 2033 2038 2043
Elsinore-Fogarty
Valley EFG-Triton #1 N-1 Moraga-Pechanga 2043 2043 -
Moraga-Pechanga N-1 Valley EFG-Triton 2028 2033 -

5.3.8.4 Evaluation of Benefits

The established performance metrics were compared between the baseline and the Valley South to Valley
North and Distributed BESS in Valley South Project to quantify the overall benefits accrued over a 30-year
study horizon. The benefits are quantified as the difference between the baseline and the project for each
of the metrics.

The accumulative value of the benefits over the 30-year horizon is presented in Table 5-67 for the three
forecasts.

Table 5-67. Cumulative Benefits — Valley South to Valley North and Distributed BESS in Valley South

Cumulative Benefits over 30- | Cumulative Benefits over 30- | Cumulative Benefits over 30-

Category Component year Horizon (until 2048) year Horizon (until 2048) year Horizon (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast
N-0 Losses (MWh) 26,508 19,245.60 27,277.58
N-1 LAR (MWh) 5,724 17,090.60 55,520.05
N-1 IP (MW) 366 526.95 790.25
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Cumulative Benefits over 30- | Cumulative Benefits over 30- | Cumulative Benefits over 30-
Component year Horizon (until 2048) year Horizon (until 2048) year Horizon (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast

N-1 PFD (hr) 1,196 1,389 1,459

N-1 Flex-1 (MWh) 2,847,054 5,801,041 6,669,106
N-1 Flex-2-1 (MWh) - § )

N-1 Flex-2-2 (MWh) 59,402 69,408 88,541
N-0 LAR (MWh) 20,124 45,854 45,131
N-0 IP (MW) 1,910 3,416 2,967
N-0 PFD (hr) 328 561 330

The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by
the Valley South to Valley North and Distributed BESS in Valley South Project. By design, the project
includes a permanent transfer of large load centers from the Valley South System during the initial years.
This provides significant N-O system relief in the Valley South System, but at the expense of limited
operational flexibility. The presence of a distributed BESS solution in the Valley South System alleviates
the capacity needs in the Valley South System in the Effective PV Forecast, but not under the Spatial Base
Forecast sensitivity. Additionally, the transformer overload condition is propagated to the Valley North
System transformers beginning in the year 2030 in the Spatial Base Forecast.

5.3.8.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

1. With the project in service, overloads on the Valley South System transformers are avoided in the
near-term and long-term horizon until the year 2033. However, the transfer of loads results in
overloads on the Valley North System transformers by the year 2037. Under N-0, 2,600 MWh of LAR
is recorded in the Effective PV Forecast for 2048, and 16,200 MWh is recorded under the Spatial Base
Forecast sensitivity. Across all sensitivities, the benefits range from 20.1 to 45.1 GWh of avoided LAR.

2. N-1 overloads are observable in the near-term and long-term horizons for all forecasts. With the
project in service, the N-1 benefits in the system range from 5.7 GWh to 55 GWh through all forecasts.

3. The project provides limited flexibility to address planned, unplanned, or emergency outages in the
system and HILP events that occur in the Valley South System.

4. Should a HILP event affect Valley Substation, this solution is unable to serve incremental load in the
Valley South system by leveraging the capabilities of system tie-lines. Additionally, the BESS capacity
cannot be effectively translated to any benefits due to the reasonably expected limited opportunities
for charging during HILP events.

5. Overall, the Valley South to Valley North and Distributed BESS in Valley South Project did not
demonstrate comparable levels of performance in addressing the needs identified in the Valley South
System service territory. The project offers limited advantages in addressing the short-term and long-
term needs of the system.
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5.3.9 SDG&E and Centralized BESS in Valley South (Project J)

This project proposes to construct a new 230/115 kV substation provided power by the SDG&E
transmission system (identical to Project B). This solution is coupled with Centralized BESS in Valley South
(identical to Project H) to provide further relief over the long-term horizon. The project has been
evaluated under the need year 2021/2022 (depending on the need year from the forecast used for the
study), 2028, 2033, 2038, 2043, and 2048. Each of the reliability metrics established in Section 3.2.4 has
been calculated using the study methodology outlined in Section 3.2.3.

5.3.9.1 Description of Project Solution

The proposed project would transfer Pechanga and Pauba Substations to a new 230/115 kV transmission
substation receiving 230 kV service from the SDG&E electric system. The proposed project would include
the following components:

1. The point of interconnection would be a new 230/115 kV substation between the SCE-owned
Pechanga Substation and SDG&E-owned Talega—Escondido 230 kV transmission line to the south. Two
230/115 kV transformers (one load-serving and one spare).

2. New double-circuit 230 kV transmission line looping the new substation into SDG&E’s Talega—
Escondido 230 kV transmission line.

3. New 115 kV line construction to allow the transfer of Pechanga and Pauba Substations from Valley
South to new 230/115 kV substation.

4. Create system tie-lines between the new 230/115 kV system and the Valley South System through
normally-open circuit breakers at SCE’s Triton and Moraga Substations to provide operational
flexibility and to accommodate potential future additional load transfers.

5. Rebuild of existing Pechanga Substation and/or expansion of existing property at Pechanga Substation
to accommodate required new 115 kV switch rack positions.

6. BESS would be installed near Auld Substations following the construction of necessary 115 kV
substation facilities and 115 kV line reconfiguration.

7. Storage investments are made in 5-year increments during identified need years when the Valley
South System transformers exceed their rated capacity. The following storage sizes have been
established and detailed in Table 5-68 through Table 5-70, for all forecasts.

8. Sizing analysis has been performed for all forecasts on a 5-year outlook (i.e., in the year 2021,
investments are made to cover the 5-year horizon till 2026).

9. At each site, a contingency reserve of 10 MW / 50 MWh is maintained per SCE planning criteria and
guidelines for N-1 conditions.
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Table 5-68. Storage Sizing and Siting — Effective PV Forecast (Storage MW and MWh)

Total Battery Size

2039 65 189

2044 25 130

Total Battery Size (including contingency):
90 MW/319 MWh

Table 5-69. Storage Sizing and Siting — Spatial Base Forecast (Storage MW and MWh)

Total Battery Size

2033 82 262
2038 56 323
2043 49 323

Total Battery Size (including contingency):
187 MW/908 MWh

Table 5-70. Storage Sizing and Siting — PVWatts Forecast (Storage MW and MWh)

Total Battery Size

20 64

Total Battery Size (including contingency):
20 MW/64 MWh

2048

Figure 5-11 presents a high-level representation of the proposed configuration.
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Figure 5-11. SDG&E and Centralized BESS in Valley South Project Scope
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5.3.9.2 System Performance under Normal Conditions (N-0)

Findings from the system analysis under N-0 conditions in the system are presented in Table 5-71 for the
Effective PV Forecast, Table 5-72 for the Spatial Base Forecast, and Table 5-73 for the PVWatts Forecast.

Table 5-71. SDG&E and Centralized BESS in Valley South N-0 System Performance (Effective PV Forecast)

Year Losses

(MWh)
2022 0 0 0 44,182
2028 0 0 0 46,553
2033 0 0 0 48,529
2038 0 0 0 50,505
2043 0 0 0 51,023
2048 0 0 0 51,176

Table 5-72. SDG&E and Centralized BESS in Valley South N-0 System Performance (Spatial Base Forecast)

Year LAR Losses

(MWh) (MWh)
2021 0 0 0 44,182
2022 0 0 0 44,715
2028 0 0 0 46,963
2033 0 0 0 48,837
2038 0 0 0 50,687
2043 0 0 0 52,537
2048 0 0 0 54,387

Table 5-73. SDG&E and Centralized BESS in Valley South N-0 System Performance (PVWatts Forecast)

Year LAR Losses
(MWh) (MWh)
0

2022 0 0 44,182
2028 0 0 0 46,553
2033 0 0 0 45,310
2038 0 0 0 46,470
2043 0 0 0 47,630
2048 0 0 0 48,790
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5.3.9.3 System Performance under Normal Conditions (N-1)

Findings from the system analysis under N-1 conditions in the system are presented in Table 5-74 for the
Effective PV Forecast, Table 5-75 for the Spatial Base Forecast, and Table 5-76 for the PVWatts Forecast.

Table 5-74. SDG&E and Centralized BESS in Valley South N-1 System Performance (Effective PV Forecast)

Deficit Deficit Deficit

Flex-1 Flex-2-1 Flex-2-2

(MWh) (MWh) (MWh)
2022 0 0 0 16,761 15,152 431
2028 0 0 0 42,455 17,895 639
2033 0 0 0 63,867 21,123 932
2038 0 0 0 85,279 24,949 1,282
2043 0 0 0 106,690 28,757 1,672
2048 0 0 0 128,102 31,740 1,990

Table 5-75. SDG&E and Centralized BESS in Valley South N-1 System Performance (Spatial Base Forecast)

Deficit Deficit Deficit
Year Flex-1 Flex-2-1 Flex-2-2

(MWh) (MWh) (MWh)
2021 0 0 0 16,761 15,677 468
2022 0 0 0 29,302 16,727 545
2028 0 0 0 104,551 21,517 958
2033 0 0 0 167,259 26,018 1,380
2038 0 0 0 229,966 31,008 1,889
2043 0 0 0 292,674 35,874 2,409
2048 0 0 0 355,381 40,207 2,924

Table 5-76. SDG&E and Centralized BESS in Valley South N-1 System Performance (PVWatts Forecast)

LAR Deficit Deficit Deficit
Year (MWh) Flex-1 Flex-2-1 Flex-2-2
(MWh) (MWh) (MWh)
2022 0 0 0 16,761 15,152 428
2028 0 0 0 33,355 17,895 636
2033 0 0 0 47,182 17,971 641
2038 0 0 0 61,010 20,763 896
2043 0 0 0 74,838 23,589 1,146
2048 0 0 0 88,666 25,756 1,352
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In analyzing the SDG&E and Centralized BESS in Valley South project, no constraints were found to be
binding under N-0 and N-1 conditions.

5.3.9.4 Evaluation of Benefits

The established performance metrics were compared between the baseline and the SDG&E and
Centralized BESS in Valley South to quantify the overall benefits accrued over a 30-year study horizon. The
benefits are quantified as the difference between the baseline and the SDG&E and Centralized BESS for
each of the metrics.

The accumulative value of the benefits over the 30-year horizon is presented in Table 5-77 for the three
forecasts.

Table 5-77. Cumulative Benefits — SDG&E and Centralized BESS

Cumulative Benefits over | Cumulative Benefits over Cumulative Benefits

Category Component 30-yea'r Horizon 30-yea'r Horizon over 30-Year Horizon
(until 2048) (until 2048) (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast
N-0 Losses (MWh) 195,515 214,367 249,947
N-1 LAR (MWh) 6,375 21,684 73,367
N-1 IP (MW) 467 780 1,397
N-1 PFD (hr) 1,320 1,999 3,468
N-1 Flex-1 (MWh) 236,636 519,519 667,575
N-1 Flex-2-1 (MWh) 3,439,502 5,885,944 22,072,661
N-1 Flex-2-2 (MWh) 65,442 76,509 97,285
N-0 LAR (MWh) 22,751 56,581 140,939
N-0 IP (MW) 2,713 4,056 6,291
N-0 PFD (hr) 411 815 1,617

The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by
the SDG&E and Centralized BESS in Valley South Project. With the BESS investments, the range of benefits
is substantial in the N-1 category and N-O category. However, the flexibility benefits offered by the
solution are limited in comparison to the ASP.

5.3.9.5 Key Highlights of System Performance
The key highlights of system performance are as follows:
1. With the project in service, overloading on the Valley South System transformers is avoided over the

near-term and long-term horizon. This trend is observable across all considered forecasts. Across all
sensitivities, the benefits range from 22.7 to 140.9 GWh of avoided LAR.
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With SDG&E and Centralized BESS in Valley South Project in service, the N-1 LAR benefits in the system
range from 6.3 to 73.3 GWh through all forecasts. With the incremental investment in BESS, no N-1
overloads were observed in the system.

The project provides considerable flexibility to address planned and unplanned or emergency outages
in the system while also providing benefits to address needs under the HILP events that occur in the
Valley South System. However, these benefits are not as significant in comparison to the ASP.

Should a HILP event occur and impact Valley Substation, the SDG&E and Centralized BESS in Valley
South Project can recover approximately 280 MW of load in the Valley South System by leveraging
the capabilities of its system tie-lines. The BESS installed capacity alone cannot be effectively
translated to any benefits due to the reasonably expected limited opportunities for charging during
HILP events.

Overall, the SDG&E and Centralized BESS Project did not demonstrate comparable levels of
performance to the ASP in addressing the needs identified in the Valley South System service territory.
The project design offers several advantages that are mostly realized in combination with storage
investments.

5.3.10 Mira Loma and Centralized BESS in Valley South project (Alternatives K)

The

objective of this alternative is to take advantage of the Mira Loma system to provide a new source of

supply into the Valley South service area. To address capacity needs across the 30-year horizon, this
solution is coupled with Centralized BESS in Valley South. This is essentially a combination of Projects E

and
the

H. The project has been evaluated under the need year 2021/2022 (depending on the need year from
forecast used for the study), 2028, 2033, 2038, 2043, and 2048. Each of the reliability metrics

established in Section 3.2.4 has been calculated using the study methodology outlined in Section 3.2.3.

5.3.10.1 Description of Project Solution

1. Construct a new 220/115 kV substation with two transformers (including a spare) and associated
facilities. The substation would be located near SCE’s existing Mira Loma Substation and would be
provided power by looping in an existing 220 kV line. The proposed project would construct new
double-circuit 115 kV subtransmission lines from the new 220/115 kV substation to lvyglen Substation
in the Valley South System.

2. Transfer load at Ivyglen and Fogarty Substations from the Valley South System to the new 220/115 kV
System created.

3. Creates two system tie-lines between Valley South and the new system at Valley Substation and
Fogarty Substation, respectively.

4. The proposed project would construct new double-circuit 115 kV subtransmission lines from the new
220/115 kV substation to lvyglen Substation in the Valley South System.

5. Reconductor approximately 7.7 miles of existing Auld—Moraga 115 kV line to 954 ACSR conductors.

6. BESS would be installed near Pechanga or Auld Substations following the construction of necessary
115 kV substation facilities and 115 kV line reconfiguration.

7. The initial BESS would be constructed near Pechanga Substation with an ultimate design capacity of
200 MW. Once this maximum value is reached, a subsequent and similar installation would be
constructed near Auld Substation.
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8. Storage investments are made in 5-year increments during identified need years when the Valley
South System transformers exceed their rated capacity. The following storage sizes have been
established and detailed in Table 5-78 through Table 5-80, for all forecasts.

9. Sizing analysis has been performed for all forecasts on a 5-year outlook (i.e., in the year 2021,
investments are made to cover the 5-year horizon till 2026).

10. Due to the radial design of the Valley South system under the study, locating the BESS
interconnection near Pechanga or Auld Substations would not result in significant differences to N-0
system performance and reliability indices.

11. At each site, a contingency reserve of 10 MW / 50 MWh is maintained per SCE planning criteria and
guidelines for N-1 conditions.

Table 5-78. Storage Sizing and Siting — Spatial Base Forecast (Storage MW and MWh)

Total Battery Size

L ovw fvwh | mw [ mwh
99 299

2026

2031 52 373

2036 61 463

2041 54 427
2046 18 157

Total Battery Size: 284 MW/ 1719 MWh

Table 5-79. Storage Sizing and Siting — Effective PV Forecast (Storage MW and MWh)

Total Battery Size

2031 83 247
2036 48 303
2041 43 296
2046 12 106

Total Battery Size: 186 MW/ 952 MWh
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Table 5-80. Storage Sizing and Siting — PVWatts Forecast (Storage MW and MWh)

Total Battery Size

2036 66 195
2041 34 194
2046 9 62

Total Battery Size: 109 MW/ 451 MWh

Figure 5-12 presents a high-level representation of the proposed configuration.
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Figure 5-12. Tie-line to Mira Loma and Centralized BESS in Valley South Project Scope
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5.3.10.2 System Performance under Normal Conditions (N-0)

Findings from the system analysis under N-O conditions are presented in Table 5-81 for the Effective PV
Forecast, Table 5-82 for the Spatial Base Forecast, and Table 5-83 for the PVWatts Forecast.

Table 5-81. Mira Loma and Centralized BESS in Valley South N-0 System Performance (Effective PV Forecast)

Y

2022 0 0 48,456
2028 0 0 0 48,017
2033 0 0 0 50,408
2038 0 0 0 53,323
2043 0 0 0 56,238
2048 0 0 0 59,154

Table 5-82. Mira Loma and Centralized BESS in Valley South N-0 System Performance (Spatial Base Forecast)

Year Losses
(MWh) (MWh)

2021 0 0 48,849
2022 0 0 0 49,618
2028 0 0 0 42,629
2033 0 0 0 48,041
2038 0 0 0 53,453
2043 0 0 0 58,864
2048 0 0 0 64,276

Table 5-83. Mira Loma and Centralized BESS in Valley South N-0 System Performance (PVWatts Forecast)

Year Losses
(MWh) (MWh)

2022 0 0 48,453
2028 0 0 0 50,945
2033 0 0 0 53,021
2038 0 0 0 55,097
2043 0 0 0 57,173
2048 0 0 0 59,250
CONFIDENTIAL/PROPRIETARY © 2021 QUANTA TECHNOLOGY, LLC

G-2, Page 132



C‘w QUANTA REPORT (V2)
TECHNOLOGY

DELIVERABLE 3: BENEFIT COST ANALYSIS OF THE ALTERNATIVES PROJECTS | SCE

5.3.10.3 System Performance under Normal Conditions (N-1)

Findings from the system analysis under N-1 conditions in the system are presented in Table 5-84 for the
Effective PV Forecast, Table 5-85 for the Spatial Base Forecast and Table 5-86 for the PVWatts Forecast.

Table 5-84. Mira Loma and Centralized BESS in Valley South N-1 System Performance (Effective PV Forecast)

Deficit Deficit Deficit

Year Flex-1 Flex-2-1 | Flex-2-2
(Mwh) | (MWh) (MWh)
2022 0 0 0 24,348 82,321 654
2028 0 0 0 61,672 87,598 949
2033 0 0 0 92,776 91,967 1,230
2038 0 0 0 123,879 98,884 1,777
2043 5 2.5 2 154,983 104,047 2,230
2048 15.2 2.5 9 186,086 107,821 2,617

Table 5-85. Mira Loma and Centralized BESS in Valley South N-1 System Performance (Spatial Base Forecast)

LAR Deficit Deficit Deficit
Year MWh Flex-1 Flex-2-1 | Flex-2-2
( ) (MWh) (MWh) (MWh)

2021 0 0 0 24,348 83,384 708

2022 0 0 0 69,128 85,427 828

2028 0 0 0 337,812 93,744 1,345
2033 0 0 0 561,716 100,380 1,885
2038 11 3 6 785,619 106,913 2,508
2043 35 4 20 1,009,523 112,783 3,132
2048 182 11 61 1,233,426 117,771 3,729

Table 5-86. Mira Loma and Centralized BESS in Valley South N-1 System Performance (PVWatts Forecast)

Deficit Deficit Deficit
Flex-1 Flex-2-1 Flex-2-2

(MWh) (MWh) (MWh)

2022 0 0 0 24,348 82,321 650
2028 0 0 0 78,252 87,598 944
2033 0 0 0 123,172 87,737 951
2038 0 0 0 168,092 92,531 1,259
2043 0 0 0 213,012 96,915 1,601
2048 0 0 0 257,932 100,017 1,852
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In analyzing the Mira Loma and Centralized BESS in Valley South project, the following constraints (Table
5-87) were found to be binding under N-0 and N-1 conditions. These are the key elements that contribute
to the LAR among other reliability metrics under study (reported from need year and beyond).

In Table 5-87, only thermal violations associated with each constraint are reported.

Table 5-87. List of Mira Loma and Centralized BESS in Valley South Thermal Constraints

Spatial Base Effective PV
Overloaded Element Outage Definition
Category Year of Overload

Outage

Valley EFG- -
Valley EFG-Tap 39 #1 N-1 -
y P Newcomb-Skylark A
. Valley EFG- -
Tap 39-Elsinore #1 N-1 -
2 Newcomb-Skylark 2
Skylark-Tap 22 #1 N-1 vl (EREH Ak e 2038 2048 §
Fogarty
Moraga-Tap 150 #1 N-1 Skylark-Tenaja 2048 - -
Valley EFG-Tap 22#1 N-1 Valley EFG-Newcomb 2048 - -

5.3.10.4 Evaluation of Benefits

The established performance metrics were compared between the baseline and the Mira Loma and
Centralized BESS in Valley South Project to quantify the overall benefits accrued over 30-year study
horizons. The benefits are quantified as the difference between the baseline and the project for each of
the metrics.

The accumulative values of the benefits over the 30-year horizon are presented in Table 5-88 for the three
forecasts.

Table 5-88. Cumulative Benefits — Mira Loma and Centralized BESS in Valley South

Cumulative Benefits over Cumulative Benefits over Cumulative Benefits over
Category Component 30-year horizon (until 2048) | 30-year horizon (until 2048) | 30-year horizon (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast

N-0 Losses (MWh) 50,251 41,338 51,951

N-1 LAR (MWh) 6,375 21,303 72,583

N-1 IP (MW) 467 760 1,333

N-1 PFD (hr) 1,320 1,962 3,152

N-1 Flex-1 (MWh) 1,052,000 5,000,736 9,673,818

N-1 Flex-2-1 (MWh) 1,252,410 1,263,410 1,326,687

N-1 Flex-2-2 (MWh) 55,850 64,946 82,304

N-0 LAR (MWh) 22,751 56,581 140,939

N-0 IP (MW) 2,713 4,056 6,291

N-0 PFD (hr) 411 815 1,617
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The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by
the Mira Loma and Centralized BESS in Valley South Project. The project completely addresses N-O needs
in the Valley South System. The capacity afforded by the system tie-lines does not fully support emergency
and maintenance conditions in the system.

5.3.10.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

1. With the project in service, overloading on the Valley South System transformers is avoided over the
study horizon. This trend is observable across all considered forecasts. Across all sensitivities, the
benefits range from 22.7 to 140.9 GWh of avoided LAR.

2. N-1 overloads are observable in the near-term and long-term horizons for all forecasts. With the
project in service, the N-1 benefits in the system range from 6.3 to 72.5 GWh through all forecasts.

3. The project offers limited flexibility to address planned, unplanned, or emergency outages in the
system and HILP events that may occur in the Valley South System.

4. Should a HILP event occur and impact Valley Substation, the Mira Loma and Centralized BESS in Valley
South Project can recover approximately 110 MW of load in the Valley South System by leveraging
the capabilities of its system tie-lines. The BESS installed capacity alone cannot be effectively
translated to any benefits due to the reasonably expected limited opportunities for charging during
HILP events.

5. Overall, the Mira Loma and Centralized BESS in Valley South Project did not demonstrate comparable
levels of performance to the ASP in addressing the needs identified in the Valley South System service
territory. While the project addresses N-O capacity shortages in the system, it offers a limited
advantage in addressing the N-1 and flexibility needs of the system.

5.3.11 Valley South to Valley North and Centralized BESS in Valley South and Valley North
(Project L)

The objective of this project would be to transfer the loads at Newcomb and Sun City substations to Valley
North (identical to Project #F). Additionally, BESS installation would be constructed within both the Valley
South and Valley North systems to provide relief over the long-term horizon. This is a combination of
Projects F and H. Initial screening studies demonstrated that the load transfer would result in minimal line
overloads (N-O and N-1) in the Valley North system, however, transformer loading would be at risk of
exceeding rated capacity. Due to this, only the LAR (N-0) reliability metric was amended to include
monitoring loading of the Valley North transformers. Potential N-1 impacts on the Valley North system
have not been considered in the metrics. The project has been evaluated under the need year 2021/2022
(depending on the need year from the forecast used for the study), 2028, 2033, 2038, 2043, and 2048.
Each of the reliability metrics established in Section 3.2.4 has been calculated using the study
methodology outlined in Section 3.2.3
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5.3.11.1 Description of Project Solution

The proposed project would include the following components:

1. The proposed project would transfer the loads at Newcomb and Sun City Substations from the Valley
South System to the Valley North System through the construction of new 115 kV lines.

2. Normally-open circuit breakers at the Valley South bus and at Sun City Substation are maintained as
system tie-lines between Valley North and Valley South for transfer flexibility.

3. Reconductor existing Auld—Sun City 115 kV line, which would become the Valley—Auld—Sun City
115 kV line.

4. Reconductor approximately 7.7 miles of existing Auld—Moraga 115 kV line to 954 ACSR conductors.

5. BESS would be installed near Pechanga in Valley South and Allesandro Substation in Valley North
following the construction of necessary 115 kV substation facilities and 115 kV line reconfiguration.

6. Storage investments are made in 5-year increments during identified need years when the Valley
South System transformers exceed their rated capacity. The following storage sizes have been
established and detailed in Table 5-89 through Table 5-91, for all forecasts.

7. Sizing analysis has been performed for all forecasts on a 5-year outlook (i.e., in the year 2021,
investments are made to cover the 5-year horizon till 2026).

8. At each site, a contingency reserve of 10 MW / 50 MWh is maintained per SCE planning criteria and
guidelines for N-1 conditions.

Table 5-89. Storage Sizing and Siting — Spatial Base Forecast (Storage MW and MWh)

Total Battery Size

L vw | vwh | omw | mwh
97 375

2030
2035(VS-2036) 81 242 77 635
2042 (VS-2041) 49 291 72 704
2045(VS-2046) 18 114 39 418

Total Battery Size: 433 MW/ 2779 MWh

Table 5-90. Storage Sizing and Siting — Effective PV Forecast (Storage MW and MWh)
Total Battery Size

[ vw | mwh | mw | vwh |
83 290

2037
2042 (VS-2043) 39 108 46 335
2046 10 42 18 165
Total Battery Size (including contingency):
196 MW/ 940 MWh
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Table 5-91. Storage Sizing and Siting — PVWatts Forecast (Storage MW and MWh)

Total Battery Size

| vw | vmwh | mw | mwh
0 0 67 204

2045 0 0 27 140

2040

Total Battery Size: 94 MW/ 344 MWh

Figure 5-13 presents a high-level representation of the proposed configuration.
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Figure 5-13. Valley South to Valley North and Centralized BESS in Valley South and Valley North
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5.3.11.2 System Performance under Normal Conditions (N-0)

Findings from the system analysis under N-O conditions are presented in Table 5-92 for the Effective PV
Forecast, Table 5-93 for the Spatial Base Forecast, and Table 5-94 for the PVWatts Forecast.

Table 5-92. Valley South to Valley North and Centralized BESS in Valley South and Valley North
N-0 System Performance (Effective PV Forecast)

Year Losses
(MWh) (Mwh)

2022 0 0 49,328
2028 0 0 0 51,777
2033 0 0 0 53,817
2038 0 0 0 55,858
2043 0 0 0 57,893
2048 0 0 0 59,910

Table 5-93. Valley South to Valley North and Centralized BESS in Valley South and Valley North
N-0 System Performance (Spatial Base Forecast)

Year Losses
(MWh) (MWh)

2021 0 0 49,723
2022 0 0 0 50,479
2028 0 0 0 53,801
2033 0 0 0 56,568
2038 0 0 0 59,306
2043 0 0 0 62,024
2048 0 0 0 64,742

Table 5-94. Valley South to Valley North and Centralized BESS in Valley South and Valley North
N-0 System Performance (PVWatts Forecast)

Year Losses
(MWh) (MWh)

2022 0 0 49,328
2028 0 0 0 50,960
2033 0 0 0 51,342
2038 0 0 0 53,028
2043 0 0 0 54,713
2048 0 0 0 56,399
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5.3.11.3 System Performance under Normal Conditions (N-1)

Findings from the system analysis under N-1 conditions are presented in Table 5-95 for the Effective PV
Forecast, Table 5-96 for the Spatial Base Forecast, and Table 5-97 for the PVWatts Forecast.

Table 5-95. Valley South to Valley North and Centralized BESS in Valley South and Valley North
N-1 System Performance (Effective PV Forecast)

Deficit Deficit Deficit
Year Flex-1 Flex-2-1 Flex-2-2

(MWh) (MWh) (MWh)
2022 0 0 0 25,483 127,935 574
2028 0 0 0 64,547 133,688 848
2033 4 2 2 97,100 139,702 1,168
2038 103 14 19 129,653 145,991 1,596
2043 351 24 45 162,206 151,619 2,037
2048 506 27 73 194,760 155,733 2,381

Table 5-96. Valley South to Valley North and Centralized BESS in Valley South and Valley North
N-1 System Performance (Spatial Base Forecast)

LAR Deficit Deficit Deficit
Year (MWh) Flex-1 Flex-2-1 Flex-2-2
(MWh) (MWh) (MWh)
2021 0 0 0 25,483 129,095 616
2022 0 0 0 43,949 131,322 715
2028 4 3 2 154,747 140,388 1,202
2033 156 19 22 247,078 147,622 1,710
2038 445 23 66 339,410 154,744 2,284
2043 1,063 29 135 431,741 161,142 2,889
2048 1,845 76 205 524,073 166,580 3,429

Table 5-97. Valley South to Valley North and Centralized BESS in Valley South and Valley North
N-1 System Performance (PVWatts Forecast)

LAR Deficit Deficit Deficit

Year Flex-1 Flex-2-1 Flex-2-2
(MWh)

(MWh) (MWh) (MWh)

2022 0 0 0 25,483 127,935 571
2028 0 0 0 49,808 133,688 843
0
1

2033 0 70,079 133,840 850
2038 0.4 0.4 90,350 139,065 1,122
2043 47 10 11 110,622 143,845 1,426
2048 138 17 22 130,893 147,226 1,679
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In analyzing the Valley South to Valley North and Centralized BESS in Valley South and Valley North Project,
the following constraints (Table 5-98) were found to be binding under N-0 and N-1 conditions. These are
the key elements that contribute to the LAR among other reliability metrics under study (reported from
need year and beyond).

In Table 5-98, only thermal violations associated with each constraint are reported.

Table 5-98. List of Valley South to Valley North and Centralized BESS in Valley South and Valley North Project
System Thermal Constraints

| Spatial Base Effective PV
Overloaded Outage Category | Outage Definition
Element Year of Overload

Auld-Moraga #2 N-1 Auld-Moraga #1 2033 2038 2043
Valley EFG-
Valley EFG-Tap 39 N-1 sk 2038 2048 -
. Valley EFG-
Tap 39-Elsinore N-1 e 2033 2038 2043
Mmagﬂap 150 N-1 Skylark-Tenaja 2048 ; ;
Skylark-Tap 22 #1 N-1 Valley EFG- 2033 2038 2043
Elsinore-Fogarty
Moraga-Pechanga N-1 Valley EFG - Triton 2028 2033 2038

5.3.11.4 Evaluation of Benefits

The established performance metrics were compared between the baseline and the Valley South to Valley
North and Centralized BESS in Valley South and Valley North Project to quantify the overall benefits
accrued over a 30-year study horizon. The benefits are quantified as the difference between the baseline
and the project for each of the metrics.

The accumulative values of benefits over the 30-year horizon are presented in Table 5-99 for the three
forecasts.

Table 5-99. Valley South to Valley North and Centralized BESS in Valley South and Valley North
Cumulative Benefits

Cumulative Benefits over Cumulative Benefits over Cumulative Benefits over
Category Component 30-year Horizon (until 2048) 30-year Horizon (until 2048) 30-year Horizon (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast

N-0 Losses (MWh) 26,508 19,322 27,375

N-1 LAR (MWh) 5,724 17,603 59,548

N-1 IP (MW) 366 503 803

N-1 PFD (hr) 1,196 1,456 1,740
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Cumulative Benefits over Cumulative Benefits over Cumulative Benefits over
Category Component 30-year Horizon (until 2048) 30-year Horizon (until 2048) 30-year Horizon (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast
N-1

Flex-1 (MWh) 2,751,701 4,868,325 19,588,877

N-1 Flex-2-1 (MWh) = = =

N-1 Flex-2-2 (MWh) 59,402 69,185 87,739
N-0 LAR (MWh) 22,751 56,581 140,939
N-0 IP (MW) 2,713 4,056 6,291
N-0 PFD (hr) 411 815 1,617

The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by
the Valley South to Valley North and Centralized BESS in Valley South and Valley North Project. By design,
the project includes a permanent transfer of relatively large load centers in the Valley South System during
the initial years. This provides significant N-0 system relief in the Valley South System, but at the expense
of limited operational flexibility. The solution completely addresses the N-0 system needs in the Valley
South and Valley North Systems.

5.3.11.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

1. With the project in service, overloading on the Valley South System transformers is avoided in the
near-term and long-term horizon. Additionally, the installation of batteries avoids the N-0 needs in
the Valley North System following the transfer of load from the Valley South system. Across all
sensitivities, the benefits range from 22.7 to 140.9 GWh of avoided LAR.

2. N-1 overloads are observable in the near-term and long-term horizons for all forecasts. With the
project in service, N-1 benefits in the system range from 5.7 to 59.54 GWh through all forecasts.

3. The project provides limited flexibility to address planned, unplanned, or emergency outages in the
system and HILP events that occur in the Valley South System.

4. Should a HILP event occur and impact Valley Substation, the project is unable to serve incremental
load in the Valley South System through leveraging the capabilities of its system tie-lines.

5. Overall, the Valley South to Valley North and Centralized BESS in Valley South and Valley North Project
did not demonstrate comparable levels of performance to the ASP in addressing the needs identified
in the Valley South System service territory. While the project addresses N-0 capacity shortages in the
system, it offers a limited advantage in addressing the N-1 and flexibility needs of the system.

5.3.12 Valley South to Valley North to Vista and Centralized BESS in Valley South Project
(Project M)

The objective of this project would be to transfer the loads at Newcomb and Sun City Substations to Valley
North. The load at Moreno in the Valley North system would be transferred to the Vista system (identical
to Project #G). The premise of this methodology is to relieve loading on the Valley North system to
accommodate a load transfer from Valley South. Additionally, BESS is installed in Valley South to provide
relief over the long-term horizon. This is essentially a combination of Projects G and H. Initial screening
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studies demonstrated that the load transfer would result in minimal line overloads (N-0 and N-1) in the
Valley North System, however, transformer loading would be at risk of exceeding rated capacity. Due to
this, only the LAR (N-0) reliability metric was amended to include monitoring loading of the Valley North
transformers. Potential N-1 impacts on the Valley North System have not been considered in the metrics.
The project has been evaluated under the need year 2021/2022 (depending on the need year from the
forecast used for study), 2028, 2033, 2038, 2043, and 2048. Each of the reliability metrics established in
Section 3.2.4 has been calculated using the study methodology outlined in Section 3.2.3

5.3.12.1 Description of Project Solution

The proposed project would include the following components:

1. Moreno Substation is transferred to Vista 220/115 kV system through existing system tie-lines
between Valley North and Vista Systems.

2. New 115 kV line construction to restore subtransmission network connectivity following a transfer of
Moreno Substation.

3. Normally-open circuit breaker at Moreno Substation to provide a system tie-line between the Vista
and Valley North Systems.

4. The proposed project would also transfer the loads at Newcomb and Sun City Substations from the
Valley South System to the Valley North System through the construction of new 115 kV lines (see
Project F).

5. Normally-open circuit breakers at the Valley South bus and the Sun City Substation are maintained as
system ties between the Valley North and Valley South Systems for transfer flexibility.

6. Reconductor existing Auld—Sun City 115 kV line, which would become the Valley—Auld—Sun City 115
kV line.

7. Reconductor approximately 7.7 miles of existing Auld—Moraga 115 kV line to 954 ACSR conductors.

8. BESS would be installed near Pechanga Substation following the construction of necessary 115 kV
substation facilities and 115 kV line reconfiguration.

9. Storage investments are made in 5-year increments during identified need years when the Valley
South System transformers exceed their rated capacity. The following storage sizes have been
established and detailed in Table 5-100 and Table 5-101, for all forecasts. No batteries were required
at Valley South in the PVWatts Forecast.

10. Sizing analysis has been performed for all forecasts on a 5-year outlook (i.e., in the year 2021,
investments are made to cover the 5-year horizon till 2026).

11. At each site, a contingency reserve of 10 MW / 50 MWh is maintained per SCE planning criteria and
guidelines for N-1 conditions.
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Table 5-100. Storage Sizing and Siting — Spatial Base Forecast (Storage MW and MWh)

Total Battery Size

Pechanga
2036 81 242
2041 49 291
2046 18 114

Total Battery Size (including contingency):
148 MW / 647 MWh

Table 5-101. Storage Sizing and Siting — Effective PV Forecast (Storage MW and MWHh)

Total Battery Size

Year Pechanga
2043 39 108
2046 10 42

Total Battery Size (including contingency):
49 MW / 150 MWh

Figure 5-14 presents a high-level representation of the proposed configuration.
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Figure 5-14. Valley South to Valley North to Vista and Centralized BESS in Valley South
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5.3.12.2 System Performance under Normal Conditions (N-0)

Findings from the system analysis under N-0 conditions in the system are presented in Table 5-102 for the
Effective PV Forecast, Table 5-103 for the Spatial Base Forecast, and Table 5-104 for the PVWatts Forecast.

Table 5-102. Valley South to Valley North to Vista and Centralized BESS in Valley South Project
N-0 System Performance (Effective PV Forecast)

Year Losses
(MWh) (MWh)

2022 0 0 49,328
2028 0 0 0 51,777
2033 0 0 0 53,817
2038 0 0 0 55,858
2043 78 30 5 57,893
2048 735 83 18 59,910

Table 5-103. Valley South to Valley North to Vista and Centralized BESS in Valley South Project
N-0 System Performance (Spatial Base Forecast)

Year Losses
(MWh) (MWh)

2021 0 0 49,723
2022 0 0 0 50,479
2028 0 0 0 53,801
2033 0 0 0 56,568
2038 676 81 17 59,306
2043 3416 162 58 62,024
2048 8000 232 103 64,742

Table 5-104. Valley South to Valley North to Vista and Centralized BESS in Valley South Project
N-0 System Performance (PVWatts Forecast)

Year Losses
(MWh) (MWh)

2022 0 0 49,328
2028 0 0 0 50,960
2033 0 0 0 51,342
2038 0 0 0 53,028
2043 0 0 0 54,713
2048 68 37 5 56,399
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5.3.12.3 System Performance under Normal Conditions (N-1)

Findings from the system analysis under N-1 conditions in the system are presented in Table 5-105 for the
Effective PV Forecast, Table 5-106 for the Spatial Base Forecast, and Table 5-107 for the PVWatts Forecast.

Table 5-105. Valley South to Valley North to Vista and Centralized BESS in Valley South Project
N-1 System Performance (Effective PV Forecast)

LAR Deficit Deficit Deficit
Year (MWh) Flex-1 Flex-2-1 Flex-2-2
(MWh) (MWh) (MWh)
2022 0 0 0 25,483 127,935 574
2028 0 0 0 64,547 133,688 848
2033 4 2 2 97,100 139,702 1,168
2038 103 14 19 129,653 145,991 1,596
2043 351 24 45 162,206 151,619 2,037
2048 506 27 73 194,760 155,733 2,381

Table 5-106. Valley South to Valley North to Vista and Centralized BESS in Valley South Project
N-1 System Performance (Spatial Base Forecast)

Deficit Deficit Deficit

Flex-1 Flex-2-1 Flex-2-2

(MWh) (MWh) (MWh)
2021 0 0 0 25,483 129,095 616
2022 0 0 0 43,949 131,322 715
2028 4 3 2 154,747 140,388 1,202
2033 156 19 22 247,078 147,622 1,710
2038 445 23 66 339,410 154,744 2,284
2043 1,063 29 135 431,741 161,142 2,889
2048 1,845 76 205 524,073 166,580 3,429

Table 5-107. Valley South to Valley North to Vista and Centralized BESS in Valley South Project
N-1 System Performance (PVWatts Forecast)

LAR Deficit Deficit Deficit
Year (MWh) Flex-1 Flex-2-1 Flex-2-2
(MWh) (MWh) (MWh)
2022 0 25,483 127,935 571
2028 0 49,808 133,688 843
2033 0 0 0 70,079 133,840 850
2038 0.4 0.4 1 90,350 139,065 1,122
2043 47 10 11 110,622 143,845 1,426
2048 138 17 22 130,893 147,226 1,679
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In analyzing the Valley South to Valley North to Vista and Centralized BESS in Valley South Project, the
following constraints (Table 5-108) were found to be binding under N-0 and N-1 conditions. These are the
key elements that contribute to the LAR among other reliability metrics under study (reported from need
year and beyond).

In Table 5-108, only thermal violations associated with each constraint are reported.

Table 5-108. List of Valley South to Valley North to Vista and Centralized BESS in Valley South Project
Thermal Constraints

Outage Spatial Base Effective PV PVWatts
Overloaded Element Outage Definition
Category Year of Overload

Auld-Moraga #2 N-1 Auld-Moraga #1 2033 2038 2043
Valley EFG-
Valley EFG-Tap 39 N-1 e o 2038 2048 -
. Valley EFG- 2038
Tap 39-Elsinore N-1 sk 2033 2043
Moraga-Tap 150 #1 N-1 Skylark-Tenaja 2048 - -
Skylark-Tap 22 #1 N-1 valley EFG- 2033 2038 2043
Elsinore-Fogarty
Moraga-Pechanga N-1 Valley EFG - Triton 2028 2033 2038

5.3.12.4 Evaluation of Benefits

The established performance metrics were compared between the baseline and the Valley South to Valley
North to Vista and Centralized BESS in Valley South Project to quantify the overall benefits accrued over
a 30-year study horizon. The benefits are quantified as the difference between the baseline and the
project for each of the metrics.

The accumulative values of the benefits over the 30-year horizon are presented in Table 5-109 for the
three forecasts.

Table 5-109. Valley South to Valley North to Vista and Centralized BESS in Valley South Project
Cumulative Benefits

Cumulative Benefits over Cumulative Benefits over Cumulative Benefits over
Category Component 30-year Horizon (until 2048) | 30-year Horizon (until 2048) | 30-year Horizon (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast

N-0 Losses (MWh) 26,508 19,322 27,375

N-1 LAR (MWh) 5,724 17,603 59,548

N-1 IP (MW) 366 503 803

N-1 PFD (hr) 1,196 1,456 1,740

N-1 Flex-1 (MWh) 2,751,701 4,868,325 19,588,877

N-1 Flex-2-1 (MWh) = = =
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Cumulative Benefits over Cumulative Benefits over Cumulative Benefits over
Category Component 30-year Horizon (until 2048) | 30-year Horizon (until 2048) | 30-year Horizon (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast

N-1  Flex-2-2 (MWh) 59,402 69,185 87,739
N-0 LAR (MWh) 22,613 54,062 96,778
N-0 1P (MW) 2,638 3,687 4,380
N-0 PFD (hr) 399 741 939

The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by
the Valley South to Valley North to Vista and Centralized BESS in Valley South Project. By design, the
project includes a permanent transfer of relatively large load centers in the Valley South System during
the initial years. This provides significant N-O system relief in the Valley South System but at the expense
of limited operational flexibility. The addition of batteries complements the needs in the Valley South
System effectively reducing LAR to zero over the long-term horizon. The transfer of loads from the Valley
North System to the Vista System avoid transformer overloads in Valley North until 2041.

5.3.12.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

1. With the project in service, overloads on the Valley South System transformers are avoided in the
near-term and long-term horizon. Additionally, the transfer of loads from the Valley North System to
the Vista System defers the N-0 condition needs in Valley North until 2041. Across all sensitivities, the
benefits range between 22.6 to 96.7 GWh of avoided LAR.

2. N-1 overloads are observable in the near-term and long-term horizons for all forecasts. With the
project in service, the N-1 benefits in the system range from 0.6 to 30.2 GWh through all forecasts.

3. The project provides only limited flexibility to address planned, unplanned, or emergency outages in
the system and HILP events that occur in the Valley South System.

4. Should a HILP event occur and impact Valley Substation, the project is unable to serve incremental
load in the Valley South System by leveraging capabilities of its tie-lines.

5. Overall, the Valley South to Valley North to Vista and Centralized BESS in Valley South Project did not
demonstrate comparable levels of performance to the ASP in addressing the needs identified in the
Valley South System service territory. While the project addresses N-O capacity shortages in the
system, it offers a limited advantage in addressing the N-1 and Flexibility needs of the system

5.4 Summary of Findings

Through the analysis of alternatives and applicable reliability metrics, LAR, and flexibility (Flex-1 and
Flex-2) provide valuable insight into the reliability, capacity, resilience, and flexibility objectives of project
performance. Table 5-110 through Table 5-112 present a summary of these findings across all forecasts.
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Table 5-110. Cumulative Benefits: Effective PV Forecast

Valley South to Valley South to

Valley South to Valley North and  Valley North to SDG&E and

Mira Loma and

. Alberhill System San Diego Gas & LESTERT N AU 20 Centralized BESS in \_/aII.ey North anq . . Mira Loma SCE Orange Centralized BESS Vista and Centralized VLR
Project Name . . . Valley North to Valley South Distributed BESS in Menifee Project . - . . . Valley North
Project Electric Project . . . Valley South Project County Project in Valley South Centralized BESS in Valley .
Vista Project Project . Valley South . . Project
Project . and Valley North BESS in Valley South Project
Project . .
Project South Project

Category GWh A B G H K | D E C L M J F
N-1 LAR 20 21 15 21 21 17 15 15 17 18 18 21 15

N-2 Available Flex-1 5,689 5,411 5,352 3,190 5,001 5,801 5,352 3,252 448 4,868 4,868 5,886 5,352
N-2 Available Flex-2-1 3,780 3,218 - - 1,263 - 2,368 1,263 3,256 - - 3,218 -
N-2 Available Flex-2-2 107 77 69 1 65 69 69 65 81 69 69 77 69
N-0 LAR 57 56 54 57 57 46 56 50 56 57 54 57 45

Table 5-111. Cumulative Benefits: Spatial Base Forecast

A B G H K | D E C L M J F

Category GWh
N-1 LAR 67 73 48 73 73 56 48 43 57 60 60 73 48
N-2 Available Flex-1 23,517 19,117 14,163 21,406 9,674 6,669 14,163 6,363 9,232 19,589 19,589 22,073 14,163
N-2 Available Flex-2-1 4,102 3,403 - - 1,327 - 3,030 1,327 3,449 - - 3,403 -
N-2 Available Flex-2-2 142 97 88 5 82 - 88 82 104 88 88 97 88
N-0 LAR 141 132 91 141 141 89 136 110 133 141 97 141 41

Table 5-112. Cumulative Benefits: PVWatts Forecast

A B G H K | D E C L M J F

Category GWh
N-1 LAR 6 6 6 6 6 6 6 3 5 6 6 6 6
N-2 Available Flex-1 3,901 3,363 2,795 2,758 1,052 2,847 2,795 623 584 2,752 2,752 3,440 2,795
N-2 Available Flex-2-1 3,658 3,167 - - 1,252 - 2,860 1,252 3,201 - = 3,167 =
N-2 Available Flex-2-2 88 65 59 1 56 59 59 56 69 59 59 65 59
N-0 LAR 23 23 23 23 23 20 23 19 23 23 23 23 20
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The following insights are established upon review of the project performance, system benefits, and
overall needs in the Valley South System.

1. The Valley South System is vulnerable to the risk of unserved energy starting year 2022 under the
Effective PV and PVWatts Forecasts and year 2021 under the Spatial Base Forecast. The Spatial
Base Forecast assumes current levels of DER adoption persist through the long-term horizon,
whereas the other two forecasts adopt DER consistent with IEPR 2018 forecasts.

2. The unserved energy in the Valley South System continues to grow beyond the 10-year planning
horizon. This drives the need for solutions that are capable of supporting long-term load-growth
trends in the Valley South System.

3. The load forecast includes the expected levels of peak reduction from DER technologies over the
long-term horizon. The amount of relief offered by the expected levels were determined to be
insufficient to meet the needs in the Valley South System service territory.

4. Dependency on NWA solutions (e.g., centralized storage) drives large investments and requires
periodic upgrades to keep pace with the load-growth trend in the system. Although these
solutions provide N-0 and N-1 relief, they offer limited flexibility to support planned, unplanned
or emergency operations in the system (including N-2 outages and HILP events).

5. Dependency on neighboring systems (Valley North and Mira Loma) provides limited relief in terms
of N-0 and N-1 benefits. While some solutions address the needs in the Valley South System, they
aggravate the condition in the adjacent subtransmission system. For example, with a transfer of
loads to Valley North, the risk of transformer overload significantly increases in the Valley North
service territory. Additional transfers from Valley North to its neighbors provide limited relief over
a long-term horizon. These solutions are also restricted by the capabilities of the neighboring
system during peak loading conditions.

6. A combination of storage and tie-lines to neighboring systems provide improved benefits in
comparison to stand-alone NWAs. These benefits are realized because tie-lines can be leveraged
in combination with local storage capacity. However, these solutions were found to require large
investments, while only contributing to N-O objectives in the system. Although they offer
improved flexibility and N-1 benefits, they are not sufficient to adequately meet all the needs in
Valley South.

7. Wire-based alternatives offer the highest relief to meet the needs in the Valley South System.
These solutions were found to adequately meet the range of forecast sensitivities while meeting
the overall project objectives. Except for the projects that did not meet the objectives over the
study horizon and those with significant implementation difficulty, wire-based alternatives offer
the highest benefits.

8. Inall considered forecasts, the ASP provided the highest aggregated benefits. Aggregated benefits
are derived from the cumulative value of LAR and Flex Metrics that translate into capacity,
reliability, resilience, and flexibility needs in the Valley South service area. The ASP consistently
provides the highest aggregated benefits across all considered forecasts.

9. From a capacity perspective, the ASP, SDG&E, and Hybrid solutions (SDG&E and Centralized BESS
in Valley South) provide the most relief. Taking into consideration the combination of flexibility
and resilience needs, the ASP, Orange County Project, and SDG&E Project are the most preferable
alternatives.
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6 BENEFIT-COST ANALYSIS (BCA)

6.1 Introduction

The objective of this task was to perform a detailed benefit-cost and risk analysis of the ASP and
alternative projects introduced in Section 5. This framework provides an additional basis for the
comparison of project performance while justifying the business case of each alternative in meeting the
load growth and reliability needs of the Valley South System.

The benefit is defined as the value of the impact of a project on a firm, a household, or society in general.
This value can be either monetized or treated on a unit basis while dealing with reliability metrics like LAR,
Interrupted Power, and Period of Flexibility Deficit among other considerations. Net benefits are the total
reductions in costs and damages as compared to the baseline, accruing to firms, customers, and society
at large, excluding transfer payments between these beneficiary groups. All future benefits and costs are
reduced to a present worth (NPV) using a discount rate, and an inflation rate, over the project lifetime.

Following the quantification of the present worth of costs and benefits (Sections 4 and 5), three different
types of analysis have been considered to provide a comprehensive view of the value attributed to each
project. These are traditional BCA, $/unit benefit analysis, and incremental BCA. These analyses use non-
monetized and monetized benefits consistent with the methodology described in Section 3.3 over the 30-
year study horizon.

6.2 Benefit-Cost Calculation Spreadsheet

All the findings within this section are maintained in a spreadsheet outlining the calculations and
associated costs. Hence, three spreadsheets!! are provided that cover three study forecasts (Spatial Base,
Effective PV, and PVWatts). These spreadsheets are provided with this submission.

The key elements within the spreadsheet are addressed in individual tabs are briefly introduced.

e Summary
=  Summarizes the study results and findings.

e |ncremental Benefit-Cost Analysis

=  Results and rankings from the incremental benefit-cost analysis.

e Cost Assumptions
= Qutlines the key study inputs and assumptions.

e Baseline System Analysis

= Raw reliability Indices.
= The monetized value of the baseline reliability metrics.

11 The three Excel spreadsheets are attached to this report.
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Each spreadsheet address the following information as an individual tab for each alternative project.

e Benefit-cost Quantification to Baseline System

= Raw reliability indices.
= The monetized value of project reliability metrics.
= Comparison of each project against baseline system performance.

6.3  Results from Benefit-Cost Analysis

The benefit-cost analysis is performed for all three forecasts under consideration, consistent with the
methodology described in Section 3.3, and the study results for the following 13 alternative projects are
present.

Alberhill System

San Diego Gas & Electric

SCE Orange County

Menifee

Mira Loma

Valley South to Valley North

Valley South to Valley North to Vista

Centralized BESS in Valley South

Valley South to Valley North and Distributed BESS in Valley South

SDG&E and Centralized BESS in Valley South

Mira Loma and Centralized BESS in Valley South

Valley South to Valley North and Centralized BESS in Valley South and Valley North
Valley South to Valley North to Vista and Centralized BESS in Valley South

T rASTIOMMOON® P>

6.3.1 Projects’ Cost

The cost for each project is provided by SCE, in the PVRR and Aggregated (Total Capital Expenditure)
representation. The PVRR costs include the investment costs and project expenses and calculated using
the applicable discount rate. The cost of components associated with the design of projects is aggregated
to develop the Total capital expenditure. For projects that include BESS, the PVRR costs are offset by
revenues generated from market participation. Information regarding the scope of the projects has been
summarized in Sections 4 and 5.

Table 6-1 provides the present worth and aggregated costs associated with each project. For BESS-based
solutions, the cost varies as a function of the forecast under study. Table 6-2 provides the present worth
of market participation revenues for the BESS-based solution.
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Table 6-1. Project Cost (PVRR and Capex)

Effective PV Forecast Spatial Base PVWatts

Present Present Present
Worth Aggregated Worth Aggregated Worth

($m) (M) (5M) (M)

Aggregated
($M)

(SM)

Alberhill System

A . S474 $545 S474 $545 S474 $545
Project
B SDG&E $453 $540 $453 $540 $453 $540
C  SCE Orange County S748 $951 S748 $951 S748 $951
D Menifee $331 $396 $331 $396 $331 $396
E Mira Loma S309 $369 $309 S365 $309 $365
Valley South to
F Valley North $207 $221 $207 $221 $207 $221
Valley South to
Valley North to Vista $290 $317 $290 $317 $309 $365
p Centralized BESSin (o, $1,474 $848 $2,363 $381 $1,004
Valley South
Valley South to
Valley North and
| Distributed BESS in $232 $326 $228 $354 $200 $218
Valley South
SDG&E and
J Centralized BESS in $531 $923 $658 $1,473 $479 $685
Valley South
Mira Loma and
K Centralized BESS in S560 $1,396 $601 $2,194 S448 $920
Valley South
Valley South to
Valley North and
L Centralized BESS in S367 $1,172 $700 $2,616 $255 S572
Valley South and
Valley North
Valley South to
Valley North to Vista
and Centralized BESS $289 S505 S404 $986 $269 $307
in Valley South
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Table 6-2. Present Worth of Market Participation Revenues

Wholesale Energy and Ancillary Service markets

Effective PV Forecast Spatial Base
Present Worth of Present Worth of Priie“:;’\k,::th
Market Participation | Market Participation L
Revenue (SM) Revenue (SM) Participation
Revenue ($SM)

H Centralized BESS in Valley South S70 $S109 S47

| Valley South to Valley North and $2 $5 i
Distributed BESS in Valley South

I SDG&E and Centralized BESS in Valley s5 $19 i
South

K Mira Loma and Centralized BESS in $25 $57 sg
Valley South
Valley South to Valley North and

L Centralized BESS in Valley South and S12 S57 sS4
Valley North

M Valley South to Valley North to Vista $2 $11 i

and Centralized BESS in Valley South

Capacity and Resource Adequacy Markets

Effective PV Forecast Spatial Base
Present Worth of Present Worth of Priie“:;’\k,::th
Market Participation | Market Participation L
Revenue (SM) Revenue (SM) Participation
Revenue (SM)

H Centralized BESS in Valley South 548,515 $74,932 $34,058
Valley South to Valley North and
I Distributed BESS in Valley South e 2,08 i
I SDG&E and Centralized BESS in Valley $3.579 $13,712 i
South
K Mira Loma and Centralized BESS in $18,124 $36,287 $6.395
Valley South
Valley South to Valley North and
L Centralized BESS in Valley South and $10,185 $37,148 $2,798
Valley North
Valley South to Valley North to Vista
M and Centralized BESS in Valley South LT e i
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6.3.2 Baseline System Analysis

From the baseline system, the raw reliability indices computed in Section 4.2 are reflective of the overall
impact on customers in the Valley South service territory. The monetization of EENS and Flexibility
benefits demonstrate the aggregated cost impact to customers in the region. All benefits have been
monetized consistent with the methodology outlined in Section 3.3 and derived as present worth. Table
6-3 presents the aggregated costs, taking into consideration the combination of Residential, Small &
Medium Business and Commercial & Industrial customers.

Table 6-3. Baseline System Monetization

Categor Effective PV Spatial Base PVWatts
gory Forecast Forecast Forecast

Monetized Value for

NG N1 128,357 436,189 35,182
Monetized Value for
NG N 2,530,518,587 6,000,480,385 1,029,268,277
AL E IEIAL)? 6,191,361 9,548,557 4,973,430
Flex-1
Miteeinse Vel il 1,765,322,893 1,816,115,205 1,722,124,246
Flex-2 (S)
Aggregate (SM) 4,302 7,827 2,756

The results demonstrate that the aggregated range of cost impacts accrued by the customer range from
2.75B to 7.85B over the horizon of forecast uncertainties captured by this analysis. Projects that effectively
reduce the customer costs in all benefit categories are most suitable to address the growing needs in the
Valley South System.

6.3.3 Benefit-Cost Analysis

The ratio of benefit-cost has been derived across the long-term study horizon. The costs are adopted from
Table 6-1 and the monetized benefits are derived using the methodology in Section 3.3. Only relevant
benefit categories have been monetized where the energy unserved component is calculated, including
EENS, Flex-1, Losses, and Flex-2.

Table 6-4 to Table 6-6 exhibit the benefit-to-cost ratio for the 13 alternatives under three forecasts,
wherein alternatives can be ranked against the benefit to cost ratio.
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Table 6-4. SCE Effective PV Forecast — B/C Ratio

i Jeroiea senefit (5w [senefit-Cost Ratio
D

Menifee $3,648 11.02

B |
F Valley South to Valley North $2,156
I Valley South to Valley North and Distributed BESS in Valley South $2,165
A Alberhill System Project $4,282 . 9.03 |
B SDG&E $4,001
M \Slzlljltiy South to Valley North to Vista and Centralized BESS in Valley $2,468 B
G Valley South to Valley North to Vista $2,470
E  Miraloma $2,601
J SDG&E and Centralized BESS in Valley South $4,041
L Valley South to Valley North and Centralized BESS in Valley South $2.502 A
and Valley North
K Mira Loma and Centralized BESS in Valley South $3,132 9
C SCE Orange County $4,021 38
H Centralized BESS in Valley South $2,535 D.SS
Table 6-5. SCE Spatial Base Forecast — B/C Ratio

# |

D Menifee $7,202

A Alberhill System Project $7,789 ._E

B SDG&E $7,219

G Valley South to Valley North to Vista $4,618

E Mira Loma $4,765

F Valley South to Valley North $2,618 ljs

| x::::z 223';: to Valley North and Distributed BESS in $2,738 [Z)l

M VaIIeY South to Valley North to Vista and Centralized $4,772 Egl

BESS in Valley South

J SDG&E and Centralized BESS in Valley South $7,524 3

K Mira Loma and Centralized BESS in Valley South $6,605 IEQQ

C SCE Orange County $7,259 [3.71

eyt vy et sops [T o

H Centralized BESS in Valley South $6,009 | | 7.0
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Table 6-6. PVWatts Forecast — B/C Ratio

ﬂ_ Benefit ($M) [Benefit-Cost Ratio
Menifee s2381 [T |

A Alberhill System Project $2,739 I 5.78
B SDG&E s2500 [Jsss |
J  SDG&E and Centralized BESS in Valley South $2,520 I 5.26
E Mira Loma $1,511 I 4.89
| \S/SLI;V South to Valley North and Distributed BESS in Valley $955 -

F Valley South to Valley North $955 4.6

L e
L Valley South to Valley North and Centralized BESS in Valley $1,039 I a
South and Valley North

M Yalley South to Valley North to Vista and Centralized BESS $1,036 DS
in Valley South

K Mira Loma and Centralized BESS in Valley South 51,625 I 3.63

C SCE Orange County $2,533 I 3139

G Valley South to Valley North to Vista 51,036 I 3.35

H Centralized BESS in Valley South $1,032 D 2.71

As Table 6-4 demonstrates, for the effective PV forecast the Menifee project renders the largest benefit
to cost ratio of 11.02. Although the Menifee project has the largest benefit to cost ratio, its cost of $331M
is 60% higher than the least expensive project, i.e. Valley South to Valley North with a cost of $207M
(Table 6-1). However, the benefit-to-cost ratio of the Valley South to Valley North is 10.41, which is 6%
higher. In other words, the additional 40% cost of the Menifee project as compared to the Valley South
to Valley North project renders 6% of additional benefit. The benefit-to-cost ratio is one element to
consider in determining whether or not a project should be implemented. While it provides an indication
of each project's performance, it does not adequately provide a measure to compare alternatives.

The best project among a set of alternative projects is not necessarily the one that maximizes the benefit-
to-cost ratio. The benefit-to-cost analysis is a measure consider in the determination to reject or approve
a project. But when it comes to the selection among alternatives and the process of reliability
improvement projects, an incremental benefit-cost analysis should be conducted. The incremental
benefit-to-cost analysis methodology is based on the principle of spending each dollar funding the project
that will result in the most benefit, resulting in an optimal budget allocation that identifies the projects
that should be funded [10].

To conduct a correct selection among alternative projects with widely disparate benefits an incremental
analysis approach to evaluating benefits and costs is necessary [9]. This approach is presented in Section
6.3.4.
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6.3.4 Incremental Benefit-Cost Analysis

As described earlier, the incremental analysis starts with ranking alternatives in the ascending order of
the present worth of costs. The do-nothing with zero cost is then selected as the baseline, i.e. alternative
“0”. The next expensive project is then considered, and the incremental benefit-to-cost analysis is then
conducted to determine if such a selection should be made or not. The incremental benefit to cost ratio
between the baseline and the next expensive alternative is evaluated, which in this case is alternative “F”,
i.e. Valley South to Valley North. Alternative “F” versus baseline incremental benefit-cost ratio was
evaluated using the present worth of monetized benefits versus PVRR costs.

In general, a project is selected if the incremental benefits exceed its incremental cost. This approach can
be conducted for non-monetized and monetized benefits. The non-monetized selection is qualitative and
subjective as the selection is based on individual indices performance. The monetized analysis is solely
based on a single incremental benefit-to-cost ratio. Both non-monetized and monetized incremental cost-
benefit analyses are depicted in the following tables. As the selection under non-monetized analysis is
subjective, the results are presented for demonstration only.

For monetized incremental cost-benefit analysis, if the incremental ratio is larger than unity the next
expensive project “F” is selected. Once a selection is made, the selected alternative replaces the baseline.
This selection is demonstrated as “O>F” in Table 6-8. The process continues through the list of alternative
projects, which are ranked in ascending cost order until the list is exhausted.

At the next step, the second least expensive project, i.e. “I” is compared to the baseline project “F”. Project
“1” was not selected as the incremental benefit-to-cost ratio is less than unity, and hence “F” remains as
the baseline project. The incremental benefit-cost analysis will continue by iterating between the baseline
and the next expensive alternative. The selection will stop once the incremental benefit-cost ratio
becomes unfavorable or the list is exhausted. Again, while this incremental approach is preferred relative
to a traditional BCA for comparing alternatives but needs to be balanced with other project considerations
such as environmental impact and risks. Again, while this incremental approach is preferred relative to a
traditional BCA for comparing alternatives but needs to be balanced with other project considerations
such as environmental impact and risks.

For monetized benefits, the criteria to move forward to the next expensive project is considered as a
positive (total) aggregated value greater than unity. As one moves along the trajectory of the least cost
solutions, the more positive numbers are indicative of improved monetized benefits in each of the
categories. If the next expensive alternative presents more favorable returns, and a decision to stop at
the previous solution is made, it is representative of benefits that are available but not realized.

The incremental benefit-cost analysis of the monetized benefits is presented in Table 6-8, Table 6-10, and
Table 6-12 for the Effective PV, Spatial Base, and PVWatts forecasts respectively.

The incremental benefit-cost analysis of non-monetized benefits is presented in Table 6-7, Table 6-9, and
Table 6-11 for the Effective PV, Spatial Base, and PVWatts forecasts respectively. The selections were
conducted qualitatively and are presented for reference only.
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Table 6-7. Non-Monetized Benefits — Incremental Benefit-Cost Analysis — Effective PV Forecast
Category Alternative selection
0->F I>E 1->D I>L 1->B B>A A->H A=) A->K A->C

N-1 | LAR -9.76 2.70 1.62 -0.46 -2.33 5.19 -2.18 -1.95 -1.21 1.61
N-1 | IP 0.07 0.02 -0.16 0.97 -0.41 -0.36 -0.22 0.10
N-1 | PFD 0.27 -0.07 -0.35 0.49 -0.21 -0.19 -0.08 0.08
N-1 | Available Flex-1 -4246.92 3867.35 1072.45 1632.88 417.77 -2301.95 11260.63 1701.88 4359.75
N-1 | Available Flex-2-1 0.00 0.00 0.00 -4889.92 24377.09 9482.20 560.54
N-1 | Available Flex-2-2 -95.31 -2.28 0.98 0.41 -8.82 566.20 130.93 123.78 22.58
N-0 | LAR -36.29 -1.28 -14.17 -8.24 -4.59 -4.67 -0.01 -0.01 -0.01 0.36
N-0 | IP -0.74 -0.57 -0.51 -0.16 -1.55 -0.01 -0.01 0.00 0.12
N-0 | PFD -0.10 -0.35 -0.20 -0.10 -0.18 -0.01 -0.01 0.00 0.01

Decision to move forward

Y Y N N Y Y N N N N
(Y/N)
Table 6-8. Monetized Benefits — Incremental Benefit-Cost Analysis — Effective PV Forecast
Category Alternative selection
0->F F->1 F>M M->G

N-0 EENS 10.356 0.373 3.832 0.147
N-0 Losses 0.001 0.000 0.000 -0.001 0.019 -0.073 -0.021 -0.045
N-1 EENS 0.0005 0.0003 0.0001 -0.0033
N-1 Flexibility-1 0.020 0.009 -0.025 0.098 -0.030 -0.036 -0.016
N-1 Flexibility-2-1 0.000 0.000 0.000 0.000 23.846 -4.135 -13.246 -0.802
N-1 Flexibility-2-2 0.036 0.000 0.000 0.000 0.020 0.000 0.006 -0.051 -0.050
Total Sum of AB/AC (aggregate) 10.413 0.382 3.808 2.164 6.894 -4.213 -13.332 -0.949

Decision to move forward (Y/N) Y N Y Y Y N N N
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Table 6-9. Non-Monetized Benefits — Incremental Benefit-Cost Analysis — Spatial Base Forecast
Category Alternative selection
0->F F> 1 F>G FE F>D F>M F>B B->A A K A>) AL AS>C A>H
N-1 | LAR 0.00 37.48 0.00 31.55 -5.09 -3.90 11.27 4.88 -1.90
N-1 [P 0.00 1.12 0.00 -0.41 -0.32 0.50 0.23 -0.15
N-1 | PFD 0.00 5.00 0.00 -0.14 1.78 0.22 -0.06
N-1 | Available Flex-1 0.00 15579.17 0.00 -3931.32 1402.82 343207 | 1062266 | 127530
N-1 | Available Flex-2-1 -4264.18 -4494.37 1038.97 5737.98 650.75 3467.34
N-1 | Available Flex-2-2 -4.86 0.00 0.00 -10.07 55.44 56.05 31.36 94.63
N-0 | LAR -50.13 -52.58 -82.95 -40.28 -0.19 -0.15 2.84 -0.09
N0 |IP -3.03 0.86 -3.21 -1.39 -0.04 -0.03 0.52 -0.02
N-0 | PFD -0.59 -0.94 -0.66 -0.03 -0.03 0.04 -0.02
Decision to move . . - - - - . . . v . - v
forward (Y/N)
Table 6-10. Monetized Benefits — Incremental Benefit-Cost Analysis — Spatial Base Forecast
Alternative selection
Category
0->F F>1 1>G G-E ES>D D>M D->B B>A A K A AL A>C A>H
N-0 EENS 12.57 5.63 30.34 -14.85 -1.16 13.86 0.10 0.07 0.05 -0.97 0.03
N-0 Losses 0.00 0.00 0.00 0.01 0.00 0.00 003 | 008 | 004 | -001 0.02 -0.01 -0.01
N-1 EENS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N-1 Flexibility-1 0.03 0.04 -0.01 0.02 -0.01 0.12 -0.02 0.00 0.00 -0.02 0.00
N-1 Flexibility-2-1 0.00 0.00 0.00 1.28 12.89 -9.32 -1.47 -7.85 -0.92 -4.74
N-1 Flexibility-2-2 0.04 0.00 0.00 -0.03 0.02 0.00 0.01 -0.02 0.02 001 | 004 |
Total Sum of AB/AC (aggregate) 12.65 5.68 30.33 7.76 0.11 27.06 -9.29 -1.43 -7.81 -1.92 -4.75
Decision to move forward (Y/N) Y Y Y Y Y N Y Y N N N N N
Table 6-11. Non-Monetized Benefits — Incremental Benefit-Cost Analysis — PVWatts Forecast
Category Alternative selection
I>L L>M L>G L>E L>D L>H L>K L>B B>A A>) A>C
N-1 | LAR -4.30 0.00 0.00 0.00 -0.52 -0.34 -0.33 0.40 -1.69 0.59
N-1 | IP -0.70 0.00 0.00 0.00 -0.09 -0.06 -0.05 0.17 -0.71 0.06
N-1 | PFD -0.86 0.00 0.00 0.00 -0.10 -0.07 -0.07 0.09 -0.37 0.06
N-1 | Available Flex-1 3562.31 894.61 0.00 -449.40 9013.34 414.29 1779.07 -718.29 2924.49
N-1 | Available Flex-2-1 0.00 0.00 0.00 0.00 0.00 -7882.61 0.00 -2205.50 -5394.24 516.40
N-1 | Available Flex-2-2 -89.61 0.00 0.00 0.00 -2.37 19.50 141.18 5.46 -8.89 18.02
N-O | LAR 0.00 -4.37 0.81 0.21 0.00 0.00 0.00 0.00 -0.01 0.00 0.00
N-O | IP 0.00 -1.38 0.44 0.11 0.00 0.00 0.00 0.00 -0.01 0.00 0.00
N-O | PFD 0.00 -0.15 0.07 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Decision to move
Y N Y N N N N N Y Y N N
forward (Y/N)
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Table 6-12. Monetized Benefits — Incremental Benefit-Cost Analysis — PVWatts Forecast
Alternative selection
Category
0->1 I>F I>L L>M -G D->H D->K D->B
N-0 EENS 0.00 1.53 -0.19 -0.05 0.00 0.00 0.00
N-0 Losses . 000 | 000 0.00 0.00 0.00 0.00 0.00 0.02
N-1 EENS 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N-1 Flexibility-1 0.01 0.00 0.00 0.00 0.00 -0.02 -0.02 -0.01
N-1 Flexibility-2-1 0.00 0.00 0.00 0.00 0.00 -26.84 -6.44 1.12
N-1 Flexibility-2-2 0.03 0.00 0.00 0.00 0.00 -0.13 0.00 0.01
Total Sum of 88/AC 4.77 0.00 1.53 -0.19 -0.05 -26.99 -6.47 1.12
(aggregate)
Decision to move forwar
ecision to move forward v N . N N N N .
(Y/N)
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6.3.5 Levelized Cost Analysis ($/Unit Benefit)

Table 6-13 to Table 6-15 presents the $/Unit Benefit obtained for each alternative under evaluation. The
Levelized cost/benefit ratio for each reliability index (LAR through PFD) is calculated for each alternative.
For example, in Table 6-13, 0.16 as listed under column A and row N-1 LAR is the ratio of Alberhill project
S474 M (Table 6-1) net present cost to present worth of N-1 LAR over study horizon of 2,896 MWh.

A smaller N-1 LAR value implies a more cost-effective solution. Along each row, the ratios are ranked using
heat-mapping, with green and red marking the most favorable and the most unfavorable ends of the
spectrum. The rightmost three columns, Alternative Rankings, identifies the first three projects per
reliability index. The table bottom row, Count of Rank #1, provides the frequency that an alternative
ranked first.
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Table 6-13. Levelized Cost Analysis (Present Worth of Cost $/Present Worth of Benefit) for each Alternative
Effective PV Forecast
Valley
Valley South to ijlf\t,o
Mira Loma | South to Valley SDG&E
Valley and Valle North and Valley and Valle
Alberhill South to Centralized . v SCE . North to . ¥
. Centralize | North and . . Centralize X Centralize | South to . .
System SDG&E Valley BESS in . s, Menifee Mira Loma Orange . Vista and . Alternative Ranking
. d BESS in Distribute d BESS in . d BESS in Valley
Project North to | Valley South . County Centralize
Vista Valley d BESS in Valley d BESS in Valley North
South Valley South and South
Valley
South Valley South
North
Reliability A B G H K | D E C L M ] F #1 #2 #3
Metrics
N-1 LAR | 0.16 0.15 0.12 0.17 0.19 0.14 0.14 0.14 0.11 0.18 F | M
N-1 IPJ 3.57 2.94 2.62 3.42 3.70 2.99 2.95 3.17 2.50 3.45 F | M
N-1 PFD 4 1.13 1.05 0.88 1.22 1.31 1.01 0.96 1.01 0.79 1.23 F | M
N-1 Flex-1J, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 F | G
N-1 Flfi-z- 4.20E-04 4.09E-04 7.22E-04 6.86E-04 4.92E-04 A D B
N-1 Flzei-Z- 1.62E-02 2.08E-02 1.47E-02 3.02E-02 1.17E-02 1.68E-02 1.67E-02 3.25E-02 1.86E-02 1.46E-02 2.44E-02 F | M
N-0 LAR J 0.05 0.05 0.03 0.06 0.06 0.03 0.04 0.04 0.04 0.03 0.06 F | M
N-0 IPJ 0.56 0.55 0.36 0.62 0.66 0.39 0.52 0.43 0.35 0.62 | M
N-0 PFD J 3.24 3.17 2.10 3.58 3.81 1.93 2.28 2.78 2.50 2.07 3.62 | M
Count of Rank
1 0 0 0 0 0 0 0 0 0 0 0 8
#1
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Valley
Valley South to SZELII? ‘t,o
Mira Loma | South to Valley SDG&E
Valley and Valle North and Valley and Valle
Alberhill South to Centralized Centralize | North aynd SCE Centralize North to Centralize South ‘t,o
System SDG&E Valley BESS in Valley . I Menifee Mira Loma Orange . Vista and . Alternative Ranking
. d BESS in Distribute d BESS in . d BESS in Valley
Project North to South . County Centralize
. Valley d BESS in Valley . Valley North
Vista d BESS in
South Valley South and South
Valley
South Valley South
North
Rellab!hty A B G H K I D E C L M J F #1 #2 #3
Metrics

N-1 LAR { 0.05 0.05 0.04 0.06 0.05 0.05 0.05 0.07 I F G
N-1 P 2.28 1.75 1.86 3.21 2.32 2.13 1.99 3.93 2.27 2.47 I F B
N-1 PFD J 0.70 0.65 0.65 1.21 0.89 0.74 0.69 1.21 0.83 0.94 F I B
N-1 | Flex-1J 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 G A
N-1 Flfi'z' 3.66E-04 4.10E-04 3.33E-04 6.69E-04 5.95E-04 E D A
N-1 Flzei'z' 1.31E-02 1.74E-02 1.23E-02 2.72E-02 1.41E-02 1.32E-02 2.71E-02 2.98E-02 1.72E-02 2.53E-02 F | G
N-0 LAR 0.02 0.02 0.02 0.03 0.02 0.03 0.02 0.03 0.02 D G
N-0 P 0.36 0.38 0.29 0.45 0.52 0.36 0.49 E I
N-0 PFD J 1.70 1.71 1.45 2.11 1.80 2.46 1.90 2.31 1.70 D G

LIBCELL 0 0 0 0 0 2 0 3 0 0 0 0 4

#1
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Table 6-15. Levelized Cost Analysis (Present Worth of Cost $/Present Worth of Benefit) for each Alternative

PVWatts Forecast
Valley
Valley South to Valley
Mira Loma South to Valle South to
Valley y Valley SDG&E and
Alberhill South to Centralized and Valley North and North to Centralized valley
. Centralized North and . . SCE Orange | Centralized . . South to Alternative
System | SDG&E Valley BESS in Valley . - Menifee Mira Loma . Vista and BESS in ]
. BESS in Distributed County BESS in . Valley Ranking
Project North to South . Centralize Valley
. Valley BESS in Valley . North
Vista d BESS in South
South Valley South and
Valley
South Valley South
North
Reliability A B G H K | D E c L M ) F #1 | #2 | 43
Metrics
N-1 LAR ¢ 0.47 0.45 0.33 0.38 0.44 0.35 0.61 0.27 0.29 0.47 | F L
N-1 Py 4.91 4.52 3.45 3.80 4.47 3.70 9.37 2.85 3.01 4.78 | F L
N-1 PFD J 1.51 1.43 1.02 1.21 1.42 1.09 1.15 0.84 0.89 1.52 | F L
N-1 Flex-1J, 0.0005 0.0006 0.0004 0.0006 0.0014 0.0005 0.0017 0.0004 0.0004 0.0006 | F L
N-1 Flex-2-1J, 3.89E-04 4';2E_ 7.26E-04 6.94E-04 4.48E-04 D A B
N-1 Flex-2-2, 1.84E-02 Z.ng- 1.72E-02 2.66E-02 1.85E-02 1.83E-02 3.60E-02 1.42E-02 1.50E-02 2.43E-02 | F L
N-0 LAR 0.13 0.12 0.08 0.10 0.12 0.09 0.10 0.07 0.07 0.13 | F
N-0 Py 0.79 0.75 0.52 0.63 0.74 0.55 0.63 0.45 0.79 | F
N-0 PFD ¢ 5.78 5.53 3.82 4.65 5.46 4.04 4.14 3.11 3.32 5.84 |
Count of Rank #1 0 0 0 0 0 8 1 0 0 0 0 0 0
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6.4  Risk Analysis

The risk analysis performed within this assessment is deterministic. As stated earlier, three forecast
sensitivities were considered: Effective PV, Spatial Base, and PVWatts forecasts. The Effective PV forecast
closely matches the expected load growth in the Valley South region. The Spatial Base and PVWatts
forecasts are located above and below the Effective PV and thus were used as upper and lower bounds of
uncertainty that characterize variability in the adoption of DER, impacts of electrification, and overall
impacts of load reducing technologies.

Table 6-16 presents a comparison of the benefit-cost ratios as they vary with different forecasts.

Table 6-16. Deterministic Risk Assessment

. Effective PV Spatial Base PVWatts
Project
Forecast Forecast Forecast

Alberhill System Project 9.03 16.43 5.78
SDG&E 8.84 15.94 5.56
Valley South to Valley North to Vista 8.52 15.92 3.35
Centralized BESS in Valley South 4.83 7.09 2.71
Mira Loma and Centralized BESS in Valley South 5.59 10.99 3.63
Valley South to Valley North and Distributed BESS in

Va”ez cout y 9.33 12.01 4.77
Menifee 11.02 21.76 7.19
Mira Loma 8.42 15.42 4.89
SCE Orange County 5.38 9.71 3.39
Valley South to Valley North and Centralized BESS in

Valley South and Valley North 6.93 8.60 4.08
Valley South to Valley North to Vista and Centralized

BESS in Valley South 8.54 1181 3.85
SDG&E and Centralized BESS in Valley South 7.61 11.43 5.26
Valley South to Valley North 10.41 12.65 4.61

6.5 Summary of Findings

The evaluation of findings from the variety of benefit-cost analyses are presented below:

1. Without a project in service to address the needs in the Valley South System, the aggregate cost
impacts accrued by the customer range from 2.7SB to 7.85B over the horizon of forecast
uncertainties captured by this analysis.

2. The benefit-cost analysis demonstrates Menifee as the project with the highest B-C ratio in
Effective PV, Spatial Base, and PVWatts forecast. This is followed by the Alberhill System project
and San Diego Gas & Electric. In the case of Valley South to Valley North alternatives, the project's
low cost overrides the performance benefits and drive the ratios higher. The Menifee alternative
has an advantage of lower cost while providing superior performance to Valley South to Valley
North alternatives in select (Flex-2) categories. However, the benefits are realized only in the short
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term horizon, with limited long-term benefits. A quick review of the overall benefits in Section
6.3.3 and raw reliability performance in Section 5.3.3, 5.3.5 and 5.3.6 further justifies this claim.
The benefits accrued by ASP were found to be substantial over the horizon maintaining its rank
across all three forecasts.

An evaluation of the S/Unit Benefit demonstrates that non-wire alternatives are favorable only
under lower levels of forecasted growth. This is observable from the ranking of projects presented
in Section 6.3.5.

Wire-based solutions demonstrate higher S/Unit benefit performance under the Effective PV and
Spatial Base forecasts of load growth.

The incremental benefit-cost framework was implemented to justify alternative selection, and
the results demonstrated that the ASP is the preferred alternative. The analysis is indicative of
unrealized benefits should a lower cost alternative be selected. Using the Effective PV forecast as
an example, if a decision is made to stop at Menifee due to superior performance in comparison
to Valley South to Valley North to Vista and Baseline system, several projects are found to provide
additional benefits to the system. This trend continues till a decision is made to stop at Alberhill
System Project.

An overall assessment of the top-ranking alternatives with consideration of risks, demonstrate
the superiority of ASP to meet all the short term and long-term project objectives in the Valley
South System.
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7 CONCLUSIONS

SCE retained Quanta Technology to supplement the existing record in the CPUC proceedings for SCE’s ASP
with additional analyses and alternative studies to meet the capacity and reliability needs of the Valley
South 500/115 kV system. The overall objective of this analysis is to amend the ASP business case
(including BCA) and alternative study using rigorous and data-driven methods.

A comprehensive framework was developed in coordination with SCE to evaluate and rank the
performance of alternatives. This evaluation is complemented by the development of load forecasts for
the Valley South System planning area. Industry-accepted forecast methodologies to project load growth
and to incorporate load-reduction programs (energy efficiency, demand response, and behind-the-meter
generation) were implemented. The developed load forecast covers the horizon of 30 years (until the year
2048). The forecast findings were used to verify and validate SCE’s currently adopted forecasting practices.

The screening process for alternatives used power flow studies in coordination with quantitative analysis
to forecast the impacts of alternatives under evaluation, including the ASP. The forecasted impacts are
translated into key reliability metrics, representative of project performance over a 30-year horizon.
Detailed analysis of alternatives used the benefit-cost and risk analysis framework to quantify the value
of monetary benefits observed over the project horizon.

A total of 13 alternatives, including the ASP, were evaluated within this framework to validate
performance and contribution towards satisfying project objectives. These alternatives were categorized
into Minimal Investment, Conventional, Non-Wire, and Hybrid (Conventional plus Non-Wire) solutions.

The key findings of this study are summarized as follows:

e Consistent with the industry-accepted forecasting practices, two distinct methodologies were
implemented to develop load forecasts, namely conventional and spatial forecasts. (The load
forecasting methodologies and findings are documented in detail within Section 2 of this report.)

= The two forecasts have been developed consistent with the load-growth trend currently observed
within the region, and CEC’s IEPR projections for load-reducing technologies.

= Sensitivity analysis was performed to address the uncertainties of load-reducing technologies and
California’s electrification goals.

= Across the three forecasts, the reliability need year was identified as 2022, except for one
sensitivity that identified 2021 as the need year.

= The Effective PV spatial load forecast is found to be the most consistent with trends in the Valley
South needs area. This forecast demonstrates a range of load from 1,083 MVA to 1,377 MVA over
2019-2048.

e Several reliability metrics were used to quantitatively assess the performance of each alternative
under consideration. An evaluation of alternative performance demonstrated that the ASP provides
the highest benefits across the study horizon. These benefits are the aggregate of the ASP contribution
toward the capacity, reliability, resilience, and operational flexibility needs in the Valley South System.
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Considering the aggregated benefits under normal and emergency*? conditions, the ASP results in 76
gigawatt-hours (GWh) of cumulative reduced unserved energy, and $4.3 billion in cost savings to the
customers. The alternatives demonstrating the highest benefits following the ASP are SDG&E, SCE
Orange County, and SDG&E with Centralized BESS in Valley South.

The BCA framework was implemented to evaluate and compare individual alternatives’ performance.

= NWAs remained cost-effective only under reduced load forecast levels (e.g., reduced trend and
low sensitivities of the conventional forecasts). In the other forecasts, NWAs accrue significant
additional costs over time due to the incremental storage sizing necessary to address the load
growth in the Valley South System.

= Conventional and Hybrid alternatives can better satisfy project objectives and long-term reliability
challenges in the system.

= Menifee, ASP, SDG&E, and Valley South to Valley North alternatives exhibit the highest benefit-
to-cost ratio. Menifee and Valley South to Valley North have lower costs relative to the ASP while
providing sizably lower benefits than the ASP.

The benefit-to-cost ratio is one measure to consider in determining if any project should be
implemented. However, when it comes to the selection among alternatives, an incremental BCA
should be conducted. Incremental BCA methodology determines whether additional incremental cost
is economically justifiable on the basis that the additional benefits realized exceeds the incremental
cost.

The incremental benefit-cost framework was implemented to justify alternative selection, and the

results demonstrated that the ASP is the preferred alternative. The analysis is indicative of unrealized

benefits should a lower cost alternative be selected.

Risk analysis associated with forecast uncertainties demonstrate that:

= The costs associated with the incremental size of the NWAs (to keep pace with peak load values)
are substantial and result in reduced benefit-cost ratios.

= The benefits attributed to operational flexibility from NWAs are negligible.

The results of the reliability, benefit-cost, and risk analyses indicated that the ASP meets the project

objectives over the 10-year horizon and ranks the most favorable among the considered alternatives

over the 30-year horizon.

Findings and results reported in this document are based on publicly available information along with the
information furnished by the client at the time of the study. Quanta Technology reserves the right to
amend results and conclusions should additional information be provided or become available. Quanta
Technology is only responsible to the extent the client’s use of this information is consistent with the
statement of work.

12 N-0, N-1 and operational flexibility.
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The N-2 probabilities associated with circuits that share a common tower structures are presented in this table.

Auld-
Moraga
#2

Valley-

Valley-
Auld- Fogarty- Moraga- Pauba- Valley- Valley- Elsinore- Valley- Y

) ) Newcomb-
Sun City Ilvyglen Pechanga Triton Auld #1 Auld #2 Fogarty Newcomb skylark

Auld-Moraga #2 0.0088 0.0194
Auld-Sun City 0.0304
Fogarty-Ivyglen
Moraga-Pechanga 0.0088
Pauba-Pechanga
Pauba-Triton 0.01944
Valley-Auld #1 0.0698
Valley-Auld #2 0.0698
Valley-Elsinore-Fogarty 0.024
Valley-Newcomb 0.024

Valley-Newcomb-
Skylark 0.0304
Valley-Sun City 0.03096
Valley-Auld-Triton 0.02696 0.002 0.016

Valley-lvyglen 0.0032

Valley- Valley-
Sun City Auld-Triton

Valley-

lvyglen

0.02696

0.0032

0.002

0.016

0.0309
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ED-Alberhill-SCE-JWS-4: Item G
Page 1of1

Item G:

Cost/benefit analysis of several alternatives for:
¢ Enhancing reliability;
e Providing additional capacity including evaluation of energy storage, distributed energy
resources, demand response or smart grid solutions.

Response to Iltem G (Revision 1 1/29/2021):

Revision 1 Summary: This revision modifies the cost benefit analysis to correct various errors
and to clarify specific elements of the analysis. These changes are summarized in Supplemental
Data Response to Item C' and in the attached revised report by Quanta Technologies.

The attached report, prepared by Quanta Technology as a contractor to Southern California
Edison (SCE), provides a cost-benefit analysis comparing several alternatives, including the
Alberhill System Project (ASP). The identification of alternatives and methodology for this cost-
benefit analysis are described in the Quanta Technology report and summarized with additional
context in the response to DATA REQUEST SET ED-Alberhill-SCE-JWS-4 Item C (Planning
Study).

This cost-benefit analysis is one factor among many which informs and supports SCE’s
recommended solution?. Other factors integrated into SCE’s analysis and informing SCE’s
recommended solution include, but are not limited to, benefits achieved in both the near and long
term, potential environmental impacts, input from the general public and other stakeholders, and
other risk considerations.

' See DATA REQUEST SET ED-Alberhill-SCE-JWS-4 Item C.
2 .See DATA REQUEST SET ED-Alberhill-SCE-JWS-4 Item I.
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Appendix A

A Appendix: Quanta Cost Benefit Analysis

The Quanta Technology report, Cost Benefit Analysis of Alternatives Version 2, which includes
supporting cost benefit spreadsheets, is attached as Appendix A to this data submittal.
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CONFIDENTIAL/PROPRIETARY: This document contains trade secrets and/or proprietary, commercial, or
financial information not generally available to the public. It is considered privileged and proprietary to
Quanta Technology LLC and is submitted with the understanding that its contents are specifically
exempted from disclosure under the Freedom of Information Act [5 USC Section 552 (b) (4)] and shall not
be disclosed by the recipient (whether it be Government [local, state, federal, or foreign], private industry,
or non-profit organization) and shall not be duplicated, used, or disclosed, in whole or in part, for any
purpose except to the extent provided in the contract.

The following individuals participated and contributed to this study:
e Rahul Anilkumar

e Gerardo Sanchez

e Ali Daneshpooy

e Hisham Othman

e Ehsan Raoufat

o Lee Willis

VERSION HISTORY:

— Vewor | o owepton

0.1 11/14/2019 First Draft
0.2 12/5/2019 Second Draft
1.0 1/3/2020 Final Report

This revision corrects errors identified in the cost-benefit
analysis results. Specifically:

e Modifying the treatment of reliability benefits
into Load at Risk (LAR) without probability
weighting. This includes N-1, Flex -1 and Flex — 2
benefit categories.

e For monetization purposes, reliability benefits are
translated into Expected Energy Not Served
(EENS) by consideration of average load at risk
over duration of event.

2.0 1/27/2021 e Treatment of N-1 and N-2 probabilities associated
with events in the Valley South System.

e Treatment of probabilities associated with Flex-2-
2 event.

e Separating costs from two customer classes
(commercial and residential) to three customer
classes (Residential, Small & Medium Industries
and Commercial)

e  Modifying the definition of Flex-2-1 and Flex-2-2
events to no longer constrain the events that
drives the impact to occur at peak summer load
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conditions. The events now account for varying
conditions throughout the years.

e Updated Present Value of Revenue Requirements
(PVRR) and Total costs associated with
alternatives.

e Removing consideration for SAIDI, SAIFI and CAIDI
from the reliability metrics, which were
previously provided for information purposes
only.

e Project scope and associated costs have been
added to several alternatives to address N-1 line
capacity violations that occur within the first ten
years of the project planning horizon.

® The market participation revenues for
alternatives that include Battery Energy Storage
Systems (BESS) were modified to include
Resource Adequacy payments for the eight
months of the year where the BESS would not be
dedicated to the system reliability need.

e  Other minor editorial corrections and
clarifications.
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EXECUTIVE SUMMARY

Southern California Edison (SCE) retained Quanta Technology to supplement the existing record in the
California Public Utilities Commission (CPUC) proceedings for SCE’s Alberhill System Project (ASP) with
additional analyses and alternative studies to meet the capacity and reliability needs of the Valley South
500/115 kV system. The overall objective of this study is to amend the ASP business case (including the
benefit-cost analysis} [BCA]) and alternative study using rigorous and data-driven methods.

| A comprehensive framework was developed in coordination with the SCE study team to evaluate and rank
the performance of alternatives. This evaluation is complemented by the development of load forecasts
for the Valley South System planning area. Industry-accepted forecast methodologies to project load
growth and to incorporate load-reduction programs (energy efficiency, demand response, and behind-
the-meter generation) were implemented. The developed load forecast covers the horizon of 30 years

| (until the year the-2048). The forecast findings were used to verify and validate SCE’s currently adopted
forecasting practices.

The screening process for alternatives—utilizedthe alternative projects is based on power flow studies in
coordination with quantitative analysis to forecast the impacts of the-alternativeseach alternative under
evaluation, including the ASP. The fereecastedprojects’ performance impacts are translated into key
reliability metrics, representative of project performance over a 30-year horizon. Detailed analysis of the
alternatives utilized-theusing benefit-cost and risk analysis frameworks to quantify the value of monetary
benefits ebserved-over the project horizon was conducted.

A total of 13 alternatives, including the ASP, were evaluatedstudied within this framework to
validateevaluate their performance and contribution towards the project objectives. These alternatives
were categorized inte-as follows:

e Minimal lavestment-investment
e Conventional;
o Non-Wireand-wires alternative (NWA)

e Hybrid (Cenventionalconventional plus Nen-Wire}-alternatives:NWA)
FhekeyfindingsHighlights of thisthe study are summarized-as follows:

e Consistent with Heustry-industry-accepted forecasting practices, two distinct methodologies were

implemented to develop load forecasts, namely Conventionaland-Spatiakforecasts*.conventional and

spatial forecasts. (The load forecasting methodologies and findings are documented in detail within
Section 2 of this report.)

= Thetwo forecasts have been developed consistent with the load-growth trend currently observed
within the region; and the California Energy Commission’s (EEECEC’s) Integrated Energy Policy
Report (IEPR) projections for load-reducing technologies.
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| = Sensitivity analysis was performed to address the uncertainties efsuch as load-reducing
technologies and the state of California’s electrification goals.

= Across althe considered forecasts, the reliability need year was identified as 2022;- (except for
one sensitivity that identified 2021 as the need year-).

= The Effective PV Spatial load forecast is found to be the most consistent with the load-growth
trend in the Valley South needs-area. This forecast demonstrates a range of leadloading from
1,083 MVA-to 1,377 MVA everfrom the year 2019- to 2048.

e Several reliability metrics were wutilizedused to quantitatively assess the performance of each
alternative under study-consideration. An evaluation of alternative performance demonstrated that
the ASP provides the highest benefits across the study horizon. These benefits are the aggregate of
the ASP contribution toward the capacity, reliability, resilieneyresilience, and operational flexibility
needs threughout-the-studyperied-in the Valley South System. Considering the aggregated benefits
overthe 30-yearhorizen-under normal and emergency? conditions, the ASP results in 85476 gigawatt-
hours (GWh) of cumulative reduced unserved energy; and $64.3 billion in cost savings to the end
customers. The alternatives demonstrating the next-highest benefits (following the ASP) are SDG&E,
SCE Orange County, and SDG&E andwith Centralized BESS (battery energy storage system) in Valley
South.
o—The benefit-cost—analysisBCA framework was implemented to evaluate and compare individual
lrerpative-periormanees
o Nen-wire-alternatives performance:
= NWA solutions remained cost-effective only under reduced load forecast levels (e.g—Reduced
Trend., reduced trend and Lewlow sensitivities of the Cenventionalconventional forecasts). Under
the other forecasts, ren-wire—alternativesNWASs accrue sizablyadditional-significant costs over
time due to the incremental storage sizing necessary to address the load growth in the Valley
South Systemsystem.

= Conventional and Hybridhybrid alternatives can better satisfy project objectives and long-term
reliability challenges threugheutin the system.

=Menifee, ASP, SDG&E, and the Valley electricsystem-

=" Miratemar-ASPand-Vatey-South to Valley North alternatives exhibit the highest benefit-to-cost
ratio. MiratemaMenifee and Valley South to Valley North have lower costs relative to the ASP;
while providing sizably lower benefits than ASP.

e The benefit-to-cost ratio is one element to consider in determining whether or not a project should
be implemented. However, when it comes to the selection among alternatives, an incremental BCA
should be conducted. Incremental BCA methodology warrants that the additional incremental cost is
economically justifiable only if the benefit realized exceeds the incremental cost. Again, while this
incremental approach is preferred relative to a traditional BCA for comparing alternatives but needs
to be balanced with other project considerations such as type of project (reliability versus
economic),environmental impact and risks.

e The incremental benefit-cost framework was implemented to selectamengalternatives,—justify
alternative selection, and the results demonstrated that the ASP asis the preferred alternative. The
analysis is indicative of-signifiecant unrealized benefits should a lower cost alternative be selected.

| 2 N-0, N-1, and Operationaloperational flexibility.
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e Risk analysis associated with forecast uncertainties demonstrates that:
= The costs associated with the incremental size of the ren-wirealternativesNWAs (to keep pace
with peak load values) are substantial and result in reduced benefit-to-cost ratios.
= The benefits attributed to operational flexibility from nen-wirealernativesNWAs are negligible.
e The results of the reliability, benefit-cost, and risk analyses indicated that the ASP meets the project
objectives over the 10-year horizon and ranks as the most favorable among the considered
alternatives over thea 30-years-year period.

Findings and results reported in this document are based on publicly available information along with the
information furnished by the client at the time of the study. Quanta Technology reserves the right to
amend results and conclusions should additional information be provided or become available. Quanta
Technology is only responsible to the extent the client’s use of this information is consistent with the
statement of work.
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List of Acronyms and Abbreviations

AAEE additional achievable energy efficiency

AAPV additional achievable photovoltaic

AC alternating current

ACSR aluminum conductor steel-reinforced (cable)
AMI advanced metering infrastructure

AS ancillary service

ASP Alberhill System Project

BCA benefit-cost analysis

BES bulk electric system

BESS battery energy storage system

CAGR compound annual growth rate

CAISO California Independent System Operator

CEC California Energy Commission

CIGRE International Council on Large Electric Systems
CPCN Certificate of Public Convenience and Necessity
CPUC California Public Utilities Commission

DA day-ahead

DER distributed energy resource

EENS expected energy not served

ENA Electrical Needs Area

EV electric vehicle

GWh gigawatt-hours

HILP high-impact low-probability (event)

IERP Integrated Energy Policy Report (of the California Energy Commission)
IP interrupted power

ISO independent system operator

LAR load at risk
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LMDR load modifying demand response

LMP locational marginal price

LTELL long-term emergency loading limits

MBCA marginal benefit-to-cost analysis

MEA mutually exclusive alternatives

NERC North American Electric Reliability Corporation
NWA non-wires alternative

Oo&M operations and maintenance

PATHWAYS a long-horizon energy model developed by Energy and Environmental Economics, Inc.
PFD period of flexibility deficit

PV photovoltaic

PVRR present value of revenue requirements

RA Resource Adequacy

RegDown Regulation down

RegUp Regulation up

SCE Southern California Edison

SDG&E San Diego Gas & Electric

SOC state of charge

STELL short-term emergency loading limits

VO&M variable operations and maintenance

VSSP Valley South 115 kV Subtransmission Project
WACC weighted aggregate cost of capital

WECC Western Electricity Coordinating Council
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1 INTRODUCTION

Southern California Edison (SCE) retained Quanta Technology to supplement the existing record in the
California Public Utilities Commission (CPUC) proceedings for the Alberhill System Project (ASP) with
additional analyses and alternative studies to meet the capacity and reliability needs of the Valley South
500/115 kV System. The overall objective of this analysis is to present a business case (including benefit-
cost analysis} [BCA]) justifying the appropriate project solution through data-driven quantitative methods
and analysis.

In this section of the report, the project background, scope of work, study objective (including task
breakdown), and study process have been outlined.

1.1  Project Background

Valley Substation is a 500/115 kV substation that serves electric demand in southwestern Riverside

County. Valley Substation is split into two distinct 500/115 kV electrical systems: Valley North and Valley

South. Each is served by two 500/115 kV, 560 MVA, three-phase transformers. The Valley South 115 kV
| System is not supplied power by any alternative means other than Valley Substation, nor does it have

system tie-lines to adjacent 115 kV systems. In other words, this portion of the system is radially served
| by a single point of interconnection with the bulk electric system (BES) under the jurisdiction of the

California Independent System Operator (CAISO). This imposes unique challenges to the reliability,
| capacity, operational flexibility,3; and resilieneyresilience needs of the Valley South System.

The Valley South 115 kV system Electrical Needs Area (ENA) consists of 14 distribution--level substations
(115/12 kV substations). During the 2019-—2028 forecast developed for peak demand, SCE identified an
overload of the Valley South 500/115 kV transformer capacity by the year 2022 under normal operating
conditions (N-0) and 1-in-5-year heat storm weather conditions. SCE has additionally identified the need
to provide system tie-lines to improve reliability, resilieneyresilience, and operational flexibility. To
address these needs, the ASP was proposed. Figure—2-1Figure 1-1 provides an overview of the project
area.

| Key features of this project are highlighted-belewas follows:

| e Construction of ara 1,120 MVA 500/115 kV substation (Alberhill Substation).

e Construction of two 500 kV transmission line segments to connect the proposed Alberhill Substation
| by looping into the existing Serrano-—Valley 500 kV transmission line.

3 Flexibility or Operational Flexibility are used interchangeably in the context of this study. It is considered as the
capability of the power system to absorb disturbances to maintain a secure operating state. It is used to bridge the
gap between reliability and resilieneyresilience needs in the system and overall planning objectives. Typically, system
tie-lines allow for the operational flexibility to maintain service during unplanned equipment outages, during
planned maintenance and construction activities, and to pre-emptively transfer load to avoid loss of service to
affected customers. System tie-lines may effectively supplement transformation capacity by allowing the transfer of
load to adjacent systems.
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Construction of approximately 20 miles of 115 kV subtransmission line to modify the configuration of
the existing Valley South System to allow for the transfer of five 115/12 kV distribution substations
from the Valley South System to the new Alberhill System; and to create 115 kV system tie-lines

between the two systems.

Valley North & Valley South

Tovies

| Legend
500 KV Substation / Line
115 kV Substation
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Valley South 115 kV System
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| Figure 1-1. Valley Substation service-areas*.Service Areas®

4y I 1 \/SSP . nclud [5]

5> Valley-Ivyglen and VSSP projects included [12]
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SCE subsequently submitted an application to the CPUC seeking a Certificate of Public Convenience and
Necessity (CPCN). During the final stage of the ASP proceeding, the CPUC directed SCE to provide
additional analyses to justify the peak demand forecasts and reliability cases in support of justifying the
project. The CPUC also directed SCE to provide a comparison of the proposed ASP to other potential
system alternatives that may satisfy the stated project needs; ietadingthese included, but were not
limited to, energy storage, demand response, and distributed energy resources (BERDERS).

1.2  Scope of Work

Quanta Technology supported SCE in supplementing the existing record in the CPUC proceeding for the
| ASP with additional analyses including a forecast using industry--accepted methods of load forecast and
additional alternatives including DERs to address any system needs established by the load forecasts to
provide the necessary facilities to meet the capacity and reliability needs of the Valley South 500/115 kV
Systemsystem. The key scope items of the Quanta Technology analysis are detailed below:

1. Apply a rigorous, quantitative, data-driven approach to comprehensively present the business case
justifying the appropriate project solution. The business case justification included a benefit-cost
analysisBCA of the alternatives considered based on the forecasted improvements in service reliability
performance of the Valley South System. To this effect, Quanta Technology developed a load forecast
for the Valley South System planning area using industry-accepted methods for estimating load
growth and incorporating load-reduction programs due to energy efficiency, demand response, and
behind-the-meter generation. Quanta Technology’s forecasting exercise was developed
independentindependently of SCE’s current forecasting methodology and practices; however, both
SCE’s and QuantasQuanta Technology’s analysis incorporated the California Energy Commission’s
(CEC’s-) Integrated Energy Policy Report (IEPR) forecasts for the first 10 years through 2028.

2. Using power flow simulations and a quantitative review of project data, the forecasted impact of the
proposed Atberhill-System-ProjectASP on service reliability performance was estimated.
3. Identification of capital investments or operational changes to address reliability issues in the absence
| of construction of the proposed Alberhil-System—ProjectASP or any other major projects requiring
CPUC approval, along with the associated costs for such actions.
| 4. Benefit-costanalysisBCA of several system alternatives (including the proposed ASP, alternative
substations and line configurations, energy storage, DER, demand response, and other smart-grid
solutions or combinations thereof) for enhancing reliability and providing the required additional
capacity.

The primary component of this work statement was to identify a number of system alternatives (e.g.,
alternative substation and line configurations, energy storage, DER, demand response, other smart-grid
solutions, or combinations thereof [hybrid projects]) to satisfy the peak-demand load projections and
reliability needs over a 30-year planning horizon. This was followed by a system analysis using a data-
driven quantitative assessment of project performance, coupled with benefit-costanalysisBCA of the
proposed project and several of these alternatives, to allow objective comparison of their costs and
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benefits. Additionally, all system alternative designs were developed to satisfy the following project
| objectives®; as stipulated by the project proceedings:

AreaENA.

2. Increase system operational flexibility and maintain system reliability (e.g., by creating system tie-
‘ lines that establish the ability to transfer substations located in the Valley South systemSystem).
3. Transfer a sufficient amount of electrical demand from the Valley South systemSystem to maintain a
positive reserve capacity through the 10-year planning horizon.

‘ 1. Serve current and long-term projected electrical demand requirements in the SCE Eleetrical-Needs

4. Provide safe and reliable electrical service consistent with the SCE’s Subtransmission Planning Criteria
and Guidelines.

5. Increase electrical system reliability by constructing a project in a location suitable to serve the SCE
Eleetrical-Needs-AreaENA (i.e., the area served by the existing Valley South systemSystem).

6. Meet project needs while minimizing environmental impacts.
7. Meet project needs in a cost-effective manner.

1.3 Methodology

In order to accomplish the scope of this project, the following tasks were employed to meet the overall
objectives of this effort-:

e Task 1: Detailed Project Planning;

o Task 2: Development of Load Forecast for the Valley South System;
e Task 3: Reliability Assessment of ASP;

e Task 4: Screening and Reliability Assessment of Alternatives;

e Task 5: Benefit-Cost Analysis-

The objective of each of the project tasks is detailed in the following subsections.

1.3.1 Task 1: Detailed Project Planning

The objective of this task was to develop a detailed and structured work plan that includes a description
of the proposed load-forecasting methodology, overall study process, data needs, interim deliverables,
and timeline of activities to meet the project deliverables. The key outcomes of this task were to review

| and finalize assumptions, methodology, metrics, and overall approach for the following key aspects of the
project:

5 For purposes of alternatives analysis SCE directed Quanta to refer to the original project objectives identified by
SCE in its Proponents Environmental Assessment (PEA) that was filed with SCE’s application because the project
objectives as listed in the Final Environmental Impact Report (FEIR) identified that a solution must include a new
‘ 500/115 kV substation. During the ASP proceeding, the CPUC directing SCE to evaluate additional alternatives that
...... included DERs. To comprehensively perform this analysis would have been necessarily constrained by the project
objectives as stated in the FEIR, thus reverting back to SCE’s project objectives in its PEA (which did not specify a
solution as requiring a new 500/115 kV substation) was most suitable to perform the required alternatives analysis.
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e Load forecasting methodology-

e Data-driven, quantitative reliability metrics-

o Reliability Assessmentassessment and Benefit-CostFrameweork:-benefit-cost framework
o DetailedA detailed project plan including interim deliverables and schedule-

1.3.2 Task 2: Development of Load Forecast for the Valley South System

The objective of this task was to develop a baseline load forecast representative of the 10-year horizon

| and a long-term forecast to account for the 30-year horizon. Forecasts have been developed for Valley
North and Valley South Systems. The long-term forecasts are developed accounting for varying projections
around energy efficiency, demand response, and behind-the-meter aggregations.

1.3.3 Task 3: Reliability Assessment of ASP

The objective of this task iswas to introduce the reliability assessment framework; while describing the
tools, formulation, and overall methodology. The proposed performance metrics are introduced, and their
applicability has been described. Subsequently, the reliability framework was applied to the ASP and the
overall project performance was evaluated.

1.3.4 Task 4: Screening and Reliability Assessment of Alternatives

The objective of this task was to analyze alternative projects (and their operational considerations) that
are-bebeing considered to address the reliability needs in the absence of the ASP. Through a screening
process, the selected set of the—alternativesalternative projects are evaluated using the reliability
framework to quantify their performance.

1.3.5 Task 5: Benefit-Cost Analysis

‘ The objective of this task was to perform a benefit-costanalysis-BCA of the ASP along with the list of
system alternatives from Task 4. Fhe—intent-efthisThis analysis wasintended to compare the project
alternatives using the quantitative reliability metrics developed in Task 1 along with rigorous cost and risk
analysis that will be required to justify the business case of each alternative for meeting the load growth
and reliability needs of the Valley South System.

1.4 Report Organization

FheThis report has been organized consistent with the tasks outlined byin Section +3-1.3. The report has
been separated into several ehapterssections that individually address each task item. The intent of this
breakdown is to capture, in detail, the essential elements of the reliability and benefit-cost framework.

| In Chapter2Section 2 of this report, the long-term spatial load forecast is discussed. This ehaptersection
is complementary to Quanta Technology’s load forecast report [1], which focused on the near-term load
| forecast and describes the technical details behind the spatial load forecasting methodology.

Chapter—3Section 3 of this report presents the overall framework for reliability and benefit-cost
evaluation. This highlights the study methodology, assumptions, and describes key processes involved
withinin the analysis.
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| In Chapters4Sections 4 and 5;0, the reliability evaluation framework is applied ento the ASP and selected
alternatives.

| Each of the forecasts developed in Task 2 are-utitizedis applied to evaluate the alternative’s performance.

| Chapter—6Section 6 presents the results from benefit-cost—analysisthe BCA and deterministic risk

assessment.

appendix (Section 9) that provides the N-2 probabilities associated with circuits that share a common
tower structures.
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2 LONG-TERM SPATIAL LOAD FORECAST

The spatial load forecast for the Valley North and Valley South Systems of the greater SCE System;system
was developed for thea long-term period of 30 years, covering from 2019 to 2048. The horizon year of
2048 assumed all general plan land use maps for Valley North and Valley South communities are designed
for the 30-year horizon. Forecast results up to the year 2028 were presented in a separate report’: [1].
This forecast was constructed from a base—leadbaseload forecast and incorporated DER future
developmentsdevelopment according to CEC’s 2018 IEPR 20488 [2] and SCE’s dependable photovoltaic
(PV) disaggregation. The result was a disaggregated effective PV forecast that expanded the 10-year PV
forecast for the Valley North and Valley South regions; to the 30-year timeframe. This ehaptersection
describes the methodology used to develop the additional 20 years of the load forecast (2029-—2048) and
considers three DER development scenarios.

2.1 Base spatial load forecast

The spatial load forecasting method developed by Quanta Technology was presented in [1], where base
forecast results were shown up to the year 2028. This spatial forecast methodology is based on a 30-year
horizon year,’; and results were obtained for the entire period.

These forecast results are representative of the natural load growth resulting from incremental use of
| electricity by existing customers; and new customer additions as indicated by future land use plans. The
sum of these two factors provides the base spatial forecast that does not include the effects of future DER
developments. Embedded within these results are the current levels of DER adoption observed by the
| base forecast. The results are summarized in Fable—2-1Table 2-1. Further details on the spatial load
forecast methodology, can be found in [1].

Table 2-1. Base spatialload-forecastSpatial Load Forecast without additienal-impactsAdditional Impacts of

futureFuture DER
Spatial Valley South Spatial Valley North
(No added DER) (No added DER)
[MVA] [MVA]
2018 1068 769
2019 1092 787
2020 1116 804
2021 1142 825
2022 1162 845

°The 30-year horizon year was selected as a typical long-term planning range that allows accommodating such things
as the time required for regulatory licensing and permitting activities as well as lead times and financial budgeting
for utility equipment and construction as required.
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Spatial Valley South Spatial Valley North

Year (No added DER) (No added DER)

[MVA] [MVA]
2023 1181 857
2024 1193 866
2025 1205 874
2026 1217 882
2027 1229 893
2028 1242 904
2029 1254 915
2030 1267 925
2031 1280 938
2032 1293 950
2033 1306 963
2034 1319 975
2035 1331 989
2036 1344 1002
2037 1356 1015
2038 1369 1029
2039 1380 1042
2040 1392 1055
2041 1404 1068
2042 1415 1081
2043 1425 1093
2044 1436 1105
2045 1446 1117
2046 1456 1129
2047 1465 1140
2048 1474 1150

2.2 DER develepmentDevelopment from 2019 to 2028

Based on IEPR 2018, SCE provided disaggregated DER forecasts to the level of the Valley South and Valley
North Systemssystems. These DER forecasts covered from 2019 to 2028; and included Adéditionat
Achievable—Energy—Efficieneyadditional achievable energy efficiency (AAEE), Additional—Achievable
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Pheteveltaicadditional achievable photovoltaic (AAPV), Eleetric-Vehieles,—Energyelectric vehicles (EVs),
energy storage, and tead—Medifying—Demand—Respenseload modifying demand response (LMDR)

categorles.

2.2.1 AAPV disaggregationDisaggregation

Rartiewtarly-ferFor AAPV, SCE provided two scenarios: 1) SCE Effective PV and 2) PVWatts;the. The final
load forecast presented in [1] considers the SCE Effective PV scenario as the most likely scenario during
the period from 2019 to 2028. AAPV values based on SE€E-sthe SCE Effective PV forecast and AAPV values
based on PVWatts impacts on peak load reduction are shown in Fable2-2-Table 2-2.

Table 2-2. Disaggregated forecasted-peak-modifyingForecasted Peak Modifying AAPV from 2019 to 2028

= £ S B T e A

AAPV SCE Effective PV

Valley aval
North

-49 49 49 49 49 45 40 37 3.7 29

AAPV PVWatts{MVA] -7.7 -7.6 -7.6 -7.5 -7.4 -6.8 -6.2 -5.8 -5.6 -4.3

AAPV SCE Effective PV

Valley val
South

-5.7 -5.0 -4.2 -3.4 -3.0 -2.8 -2.7 -2.4 -2.1 -1.9

AAPV PVWatts{MVA] -8.9 -8.7 -8.6 -8.4 -7.8 -7.0 -7.0 -6.3 -5.6 -4.8

2.2.2 Disaggregation of etherOther DER categeriesCategories

Based on the 2018 IEPR, SCE also provided disaggregated DER forecasts for Addmenal—AeMevabJe-EHngy

Efficieney{AAEE}-Electric-\lehiclesEnergy, EVs, energy storage, and
{LMDR} categories. The forecasted peak-modifying amounts of DER are shown in Fable2-3-Table 2-3.

Table 2-3. Disaggregated forecasted-peak-modifying-Forecasted Peak-Modifying DER from 2019 to 2028

Electric Vehicle

fMval
VaIIey AAEE—[-M-V-A-} -2.3 -2.1 -2.6 -2.8 -3.2 -2.9 -2.8 -2.7 -2.8 -2.9
North
Energy Storage -0.5 -0.1 -0.1 -0.2 -0.2 -0.2 -0.1 -0.1 -0.1 -0.1
VAL
LMDR-FMVA] 0.0 -0.5 0.0 -0.1 -0.2 -0.1 -0.1 0.0 0.0 0.0
Electric Vehicle . 09 08 06 07 06 06 04 04 04
Valley VAl :
South
AAEE-[-M-V-A-]- -3.4 -2.9 -3.6 -2.6 -3.0 -2.8 -2.7 -2.5 -2.6 -2.8
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Energy Storage
-1.0 -0.1 -0.2 -0.2 -0.2 -0.1 -0.1 -0.1 -0.1 -0.1
PMVAL
LMDR-MVA] 0.6 -1.4 0.0 -0.2 -0.2 -0.1 -0.1 0.0 0.0 0.0

2.3  Forecasted DER developmentDevelopment 2029—--2048

In order to obtain a long-term spatial forecast that considers the impacts of DERs, it is reguirednecessary
to have DER forecasts whichthat extend to the year 2048. The estimation of DER from the year 2029 until
the year 2048 has been deneperformed as described in the following subsections.

2.3.1 AAPV grewthGrowth from 2029 to 2048

Growth rates of generation forecasts for solar and rooftop PV have been taken from the California
PATHWAYS* model [3], on its CEC 2050 scenario. The same yearly growth rates for the state of California
have been applied to the AAPV forecasts of Fable2-2;Table 2-2, starting from the year 2029, to generate
an estimation of the AAPV in the Valley South and Valley North systemsSystems up to the year 2048. The
estimated AAPV at the Valley South and Valley North Systemsystem level; for the AAPV Effective PV and
the AAPV PVWatts scenarios; are shown in Table 2-4 and Table 2-5.

Table 2-4. California (CA) PATHWAYS CEC 2050 caseCase for selargenerationthe Solar Generation [MVA],
and estimatedEstimated AAPV SCE Effective PV {(in MVA]) at Valley South and Valley North

_DER _[2028]2029[2030] 2031 2032] 2033] 2034 2035] 2036 2037] 2038 2039] 2040 2041] 2042] 2043] 2044 2045] 2026{ 2047] 2048

CASolar 75.7 80.6 86 92.1 958 100 105 111 117 124 132 139 146 152 157 162 167 172 176 179 183
CAPV 299 33 364 37.5 386 39.7 408 419 429 44 451 462 473 483 494 50.5 51.6 52.7 53.8 54.8 55.9
CATotal 106 114 122 130 134 140 146 153 160 168 177 185 193 200 207 213 219 225 230 234 239
AAPV
Valley -29 -27 -25 -23 -22 -21 -21 -2 -19 -18 -17 -16 -15 -15 -14 -14 -13 -13 -13 -13 -1.2
North
AAPV
valley -19 -18 -16 -15 -15 -14 -14 -13 -12 -12 -11 -11 -1 -1 -09 -09 -09 -09 -08 -08 -0.8
South
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Table 2-5. California (CA) PATHWAYS CEC 2050 caseCase for selargenerationthe Solar Generation [MVA],
and estimatedEstimated AAPV PVWatts {(in MVA]) at Valley South and Valley North

|_DER _| 2028]2029] 20301 2031] 2032{ 2033 2034] 2035 2036] 2037] 2038] 2039] 2040] 2041f 2042] 2043] 2044 2045] 2046{ 2047] 2048

CASolar 75.7 80.6 86
CAPV 299 33 365
CATotal 106 114 123
AAPV

Valley -4.3 -4 -3.6
North

AAPV

Valley -48 -45 -4.1
South

92.1 958 100 105 111 118 124 132 139 146 152
375 38.6 39.7 408 419 429 44 451 46.2 473 484
130 134 140 146 153 160 168 177 185 193 200

-34 -33 -32 -3 -29 -27 -26 -25 -24 -23 -22

S S| BB S| SS| Sl -3 -28 -27 -26 -25

157
49.4
207

-2.1

162 167 172 176 180 183
50.5 51.6 52.7 53.8 54.8 559
213 219 225 230 234 239

-2 -2 -1.9| 1.9/ -1.9/| -1.8

AP 22 22| 2| 2 2l

As a third scenario for AAPV growth after 2028, a compound annual growth rate (CAGR) of 3% was used;
as a reasonable expectation for future AAPV after the year 2028. This is based on CEC IEPR PV forecast
observations that around 2022 the natural adoption of PV starts to show plateau. The additional growth
from zero net energy or new home installations is expected to be relatively flat for every year. That means
it will not generate higher growth rates for PV forecast in the longer term. The reasonable growth rate for
the disaggregated PV forecast going beyond 2028 is about -3%. The resulting estimations of peak reducing

capabilities are shown

AAPV
Valley -29 -28 -2.7
North
AAPV
Valley -19 -19 -1.8
South

in Table 2-6.

-26 -26 -25 -24 -23 -23 -22 -21 -21 -2 -2

-1.7 -17 -16 -16 -15 -15 -15 -14 -14 -13 -13

-1.9

-1.2

Table 2-6. Estimated AAPV PVWatts {(in MVA}) at Valley South and Valley North a -3% CAGR

|_DER__|2028]2029] 2030] 2031] 2032] 2033] 2034] 2035] 2036 2037] 2038] 2039] 2040f 2041] 2042] 2043] 2044] 2025] 2046] 2047] 2023]

-1.8 -18 -1.7 -17 -16 -1.6

1.2 12 -11 -11 -11 =il

Figure 2-1 and Figure 2-2 show the AAPV forecasted growth scenarios for Valley South and Valley North,

respectively.
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AAPV Valley South
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Figure 2-1. AAPV ferecasted-growth-scenariosForecasted Growth Scenarios for Valley South

AAPV Valley North
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Figure 2-2. AAPV forecasted-growth-scenariesForecasted Growth Scenarios for Valley North

2.3.2 EV groewthGrowth from 2029 to 2048

The eleetrie-vehicleEV disaggregated forecast of Table 2-3 was extended until the year 2048 by using
Grewthgrowth rates of subsector electric demands for light-duty vehicles, taken from the California
PATHWAYS model, on its CEC 2050 scenario. The same yearly growth rates for the state of California have
been applied to the electricvehieleEV forecast of Table 2-3, starting from the year 2028. The estimated
Eleetric-ehiecleEV load at the Valley South and the Valley North System-evel are shown in Table 2-7.
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Table 2-7. California PATHWAYS CEC 2050 easeCase for lightthe Light EV lead-fLoad (in MVA};-),
and estimatedEstimated EV [MVA] at Valley South and Valley North

|_DER | 2028]2029] 2030] 2031] 2032{ 2033 2034] 2035 2036] 2037] 2038] 2039] 2040] 2041f 2042] 2043] 2044 2045] 2046{ 2047] 2048

CAEV 10.1 11.8 14 16.5 194 225 255 283 30.8 33.2 355 375 394 413 43 445 458 469 47.7 48.4 488

EV\::'::Z 0.28 0.32 0.38 0.45 0.53 0.62 0.7 0.78 0.85 091 097 1.03 1.08 1.13 1.18 1.22 1.26 1.29 131 1.33 1.34
o
EV Valley
south 043 05 06 0.7 083 096 109 12 131 142 151 16 168 176 1.83 19 1.95 2 2.03 2.06 2.08
ou

Figure 2-3 and Figure 2-4 show the forecasted amounts of peak-enhancing electric vehicle loads for Valley
South and Valley North.

Electric Vehicle Valley South
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Figure 2-3-Electric-vehicleforecasted-growth. EV Forecasted Growth for Valley South

Electric Vehicle Valley North
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Figure 2-4-Electric-vehicleforecasted-growth. EV Forecasted Growth for Valley North
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2.3.3 Energy Efficiency grewthGrowth from 2029 to 2048

The Energy-Efficieneyenergy efficiency disaggregated forecast of Table 2-3 was extended until the year
2048 based on the criteria that after 2028 the load reductions in energy efficiency are expected to be
close to 21% of the forecasted load growth of each year. Additionally, it is considered that energy
efficiency load reductions will predominantly take place in residential loads, which are approximately 40%
of the Valley South Systemsystem load and approximately 36% of the Valley North System load. The
resulting extended forecast for Erergy-Efficieneyenergy efficiency is shown in Table 2-8.

Table 2-8. Estimated growthGrowth of peak-reducingPeak-Reducing Energy Efficiency at Valley South and Valley
North {(in MVA})

| |2029]2030] 2031] 20320 2033] 2034] 2035 2036] 2037] 2038] 2039{ 2040] 2041 2042 2043] 2044] 2045] 2046{ 2047] 2043

EEValley ¢ 09 09 09 09 1 1 1 4 4 4 -4 - 09 09 09 09 08 -08 -08
North
EE :Z'::: 11 11 11 11 -11 11 11 11 11 1 -1 -1 -1 -09 09 -09 -09 07 -07 -07

Figure 2-5 and Figure 2-6 show the forecasted amounts of peak-reducing Energy Efficiency effect for Valley
South and Valley North.

Energy Efficiency Valley South
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Figure 2-5. Energy Efficiency forecasted-growthForecasted Growth for Valley South
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Energy Efficiency Valley North
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Figure 2-6. Energy Efficiency forecasted-growthForecasted Growth for Valley North

ES-gravsth
2.3.4 Energy Storage Growth from 2029 to 2048

SCE provided an energy storage outlook for the entire SCE service territory. This outlook estimated an
approximated total of 4,300 MVA of energy storage by the year 2048. By SCE criteria, it was estimated
that 60% of this storage would be associated tewith residential customers, of which approximately 5%
would be located in the Valley South System and approximately 20% of it would have a peak reduction
effect. These considerations lead to an estimated peak-reducing amount of cumulated energy storage of
26 MVA (or an additional 23.6 MVA after 2028) by 2048 for the Valley South System. Similar considerations
lead to additional cumulated 15.5 MVA of peak reducing Erergy-Sterageenergy storage for the Valley
North System.

A constantcompound-annualgrowthrate{CAGR) of energy storage was identified for each area (Valley
North and Valley South};) so that the year 2048 estimated values were achieved. The resulting CAGR for

the Valley South Systemsystem is 17.98%, and the same for Valley North is 14.39%. Table 2-9 summarizes
the resulting estimated peak-reducing amounts of energy storage for the Valley South and Valley North
Systems.

Table 2-9 Estimated growthGrowth of peak-reducingPeak-Reducing Energy Storage at Valley South and Valley
North {(in MVA})

| |2029]2030]2031] 2032 2033] 2034] 2035[ 2036] 2037] 2038] 2039] 2040] 2041f 2042] 2043] 2044] 2045] 2046 2047] 20a8]

Storage
valley -0.2 -02 -02 -02 -03 -03 -04 -04 -05 -05 -06 -07 -08 -09 -11 -12 -14 -16 -18 -21
North
Storage
Valley -02 -02 -02 -03 -03 -04 -04 -05 -06 -07 -0.8 -1 -12 -14 -16 -19 -23 -2.7 -32 -37
South
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| Figure 2-7. and Figure 2-8 show the forecasted amounts of peak-reducing Energy Storage effect for the
Valley South and Valley North Systems.

Energy Storage Valley South
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Figure 2-7. Energy Storage ferecasted-growthForecasted Growth for Valley South
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Figure 2-8. Energy Storage ferecasted-grewthForecasted Growth for Valley North

2.3.5 Demand Response grewthGrowth from 2029 to 2048

According to the demand response trends extracted from Table 2-3, the effects of Bemanddemand
response were considered negligible after the year 2028.
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2.4 Valley South and Valley North leng-term—forecastresultsLong-Term Forecast
Results

The peak modifying effects for future DER discussed in the previous sections were aggregated and applied
to the base spatial load forecast of Section 2-4;2.1 to develop long--term load forecast results for Valley
South and Valley North. The resulting forecast scenarios are summarized in Table 2-10 and Figure 2-9 for
the Valley South System;system and in Table 2-11 and Figure 2-10 for the Valley North System.
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Table 2-10. Final resultsResults of spatial-ferecastthe Spatial Forecast for Valley South,censidering-three
Considering Three AAPV growth-alternativesGrowth Alternatives after yearthe Year 2028

Spatial Valley South Spatial Forecast AAPV Spatial Forecast AAPV Spatial Forecast

(no added DER) SCE’s Effective PV PVWatts Scenario AAPV -3% CAGR

[MVA] Scenario [MVA] [MVA] [MVA]
2018 1068 1068 1068 1068
2019 1092 1083 1083 1083
2020 1116 1099 1099 1099
2021 1142 1118 1118 1118
2022 1162 1132 1132 1132
2023 1181 1146 1146 1146
2024 1193 1152 1152 1152
2025 1205 1159 1159 1159
2026 1217 1166 1166 1166
2027 1229 1174 1174 1174
2028 1242 1183 1183 1183
2029 1254 1193 1177 1193
2030 1267 1203 1172 1203
2031 1280 1214 1166 1213
2032 1293 1225 1175 1224
2033 1306 1236 1184 1235
2034 1319 1247 1193 1246
2035 1331 1258 1202 1257
2036 1344 1269 1211 1267
2037 1356 1280 1221 1278
2038 1369 1291 1230 1289
2039 1380 1302 1239 1299
2040 1392 1312 1248 1309
2041 1404 1322 1256 1319
2042 1415 1333 1265 1329
2043 1425 1341 1272 1337
2044 1436 1350 1280 1346
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Spatial Forecast AAPV Spatial Forecast

[MVA]
2045 1446
2046 1456
2047 1465
2048 1474
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Figure 2-9. Final resultsResults of spatial-forecastthe Spatial Forecast for Valley South,-considering-three
Considering Three AAPV growth-alternativesGrowth Alternatives after yearthe Year 2028
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Table 2-11. Final resultsResults of spatial-ferecastthe Spatial Forecast for Valley North,censidering-three
Considering Three AAPV growth-alternativesGrowth Alternatives after yearthe Year 2028

Spatial Valley North Spatial Forecast Spatial Forecast Spatial Forecast
(no added DER) AAPV SCE’s Effective | AAPV PVWatts Scenario AAPV -3% CAGR
[MVA] PV Scenario [MVA] [MVA] [MVA]
2018 769 769 769 769
2019 787 779 779 779
2020 804 789 789 789
2021 825 803 803 803
2022 845 816 816 816
2023 857 820 820 820
2024 866 821 821 821
2025 874 823 823 823
2026 882 825 825 825
2027 893 829 829 829
2028 904 834 834 834
2029 915 842 834 842
2030 925 849 833 849
2031 938 859 832 858
2032 950 868 840 867
2033 963 878 849 877
2034 975 888 858 886
2035 989 899 868 897
2036 1002 910 878 907
2037 1015 921 888 918
2038 1029 932 898 928
2039 1042 943 908 939
2040 1055 954 919 949
2041 1068 964 929 960
2042 1081 975 939 970
2043 1093 985 948 980
2044 1105 995 958 989
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Spatial Forecast

Spatial Forecast

(no added DER) AAPV SCE’s Effective | AAPV PVWatts Scenario AAPV -3% CAGR

[MVA] PV Scenario [MVA] [MVA] [MVA]

1117 1005 967 998

1129 1015 976 1008

1140 1023 983 1015

1150 1031 991 1023

Valley North Forecast
2020 2025 2030 2035 2050

s Maximum Operating Limit

—g— P\VWatts

=g Eff PV =—g==CAGR PV =-3%

Spatial Base (No added DER)

Figure 2-10. Final resultsResults of spatial-forecastthe Spatial Forecast for Valley North,censideringthree
Considering Three AAPV growth-alternativesGrowth Alternatives after yearthe Year 2028
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3 RELIABILITY ASSESSMENT &AND BENEFIT--COST FRAMEWORK

3.1 Introduction

The objective of this framework is to facilitate the evaluation of project performance and benefits relative
to the baseline scenario (i.e., no project in service). The projects under consideration include the ASP and
proposed alternatives which-are—furtherdiscussed further in Ehapters4Sections 4 and-5-0. Within the
framework of this analysis, reliability, capacity, operational flexibility, and resilieneyresilience benefits
have been quantified.

In order to successfully evaluate the benefit of a potential project in the Valley South System, the project’s
performance must be effectively translated into quantitative metrics. These metrics serve the following
purposes:

To provide a refined view of the future evolution of the Valley South System reliability performance;
To compare project performance to the baseline scenario (no project in service};)
To establish a basis to value the performance of projects against overall objectives;

BwoN e

To take into consideration the benefits or impacts of operational flexibility and resilieneyresilience
(high-impact; low-probability events); [HILP])
4—To compare and

5. Fe provide guidance for comparing the relative performance of each alternative as compared to
others.

Within the scope of the developed metrics, the key project objectives presented earlier, are categorized
and reviewed- as follows:

e Capacity
= Serve current and long-term projected electrical demand requirements in the SCE Electrical-Needs
AreaENA.

= Transfer a sufficient amount of electrical demand from the Valley South System to maintain a
positive reserve capacity on the Valley South System through not only the 10-year planning
horizon; but also that of a longer-term horizon that identifies needs beyond 10 years, which would
allow for an appropriate comparison of alternatives that have different useful lifespan horizons.

e Reliability
= Provide safe and reliable electrical service consistent with the SEE’sSCE Subtransmission Planning
Criteria and Guidelines.

= Increase electrical system reliability by constructing a project in a location suitable to serve the
Electrical-Needs-AreaENA (i.e., the area served by the existing Valley South System).

e Operational flexibilityFlexibility and ResilieneyResilience
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= |ncrease system operational flexibility and maintain system reliability (e.g., by creating system tie-
lines that establish the ability to transfer substations from the current Valley South System and to
‘ address system operational capacity needs under normal and contingency (N-1) conditions.

3.2  Reliability Framework and Study Assumptions

In order to develop a framework to effectively evaluate the performance of a project, the overall study
methodology was broken down into the following elements:

Develop metrics to establish project performance;
Quantify the project performance using commercial power flow software;
Establish a platform to evaluate monetized and non-monetized project benefits;

Utilize tools such as benefit-to-cost ratio, incremental BCA, and $S/unit benefit-cestanalysisand S/Unit
Benefit to substantiate alternative selection and conclusions.

pwon e

| Each of the above areas areis further detailed throughout this ehaptersection.

3.2.1 Study Inputs

SCE provided Quanta Technology with information pertinent to the Valley South, Valley North, and the
proposed ASP systems. This information encompassed the following data:

1. GE PSLF power flow models for Valley South and Valley North Systems::
a. 2018 system configuration (current system):)
b. 2021 system configuration (Valley—Ivyglen** [4] and VSSP* [5] projects modeled and included}:)
c. 2022 system configuration (with the ASP in service}:)

2. Substation layout diagrams representing the Valley Substation-

3. Impedance drawings for the Valley South and Valley North Systems depicting the line ratings and
configurations-
Single-line diagram of the Valley South and Valley North Systems-

5. Contingency processor tools to develop relevant study contingencies to be considered for each system
configuration

6. 8,760 load shape of the Valley South System-

7. Advanced Meteringtnfrastructuremetering infrastructure (AMI) data for metered customers in the
Valley South and Valley North Systems with circuit and substation association, annual consumption
amount, and peak demand use-

The reliability assessment utilizes the load forecasts developed for Valley South and Valley North System
service territories to evaluate the performance of the system for future planning horizons. The developed
forecasts are detailed in Chapter2Section 2 of this report. The primary forecasts under consideration for
reliability analysis isare the Effective PV (§2.4) along with associated sensitivities, the Spatial Base Forecast
(§2.4}), and PVWatts (§2.4). The Effective PV forecast is expected to most closely resemble the levels of
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growth anticipated in the Valley systemSouth System. The developed forecasts take into consideration

the variabilities in future developments of Pheteveltaic—ElectricVehicles,—EnergyEfficieney—Energy
SteragePV, EV, energy efficiency, energy storage, and tead-Medifyring Demand-ResponseLMDR.

The load forecasts for Valley South are presented in Figure 3-1, which demonstrate system deficiency in
(need) year 2022 (Effective PV and PVWatts) and 2021 (Spatial Base), where the loading on the Valley
South transformers exceedsexceed maximum operating limits (1,120 MVA). Figure 3-2, presents the
representative load forecast for Valley North where the loading on the Valley SeuthNorth transformers
exeeedsexceed maximum operating limits (1,120 MVA) by 2045 in the Spatial Base forecast.

Benefits begin to accrue coincident with the project need year. For purposes of this assessment, it is

assumed that the project will be in service by this year, and benefits accrue from the need year to the end
of the 10-year horizon (2028) and the 30-year horizon (2048).

Valley South Forecast

1600
1500
1400
T 1300
S
< 1200
>
S 1100
1000
900
800
2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048
Year
Operating Limit PVWatts  —@— Effective PV Spatial Base (No added DER)
Figure 3-1. Valley South Load Forecast (Peak)
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Valley North Forecast
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Operating Limit —8— PV Watts —0=—Effective PV

Spatial Base (No added DER)

Figure 3-2. Valley North Load Forecast (Peak)

System configuration for the years 2018; (current), 2021, and 2022 are depicted in Figure 3-3 through
Figure 3-5.

Valley South 115 kV System-2018
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Sub
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Pauba

Tensja Substation
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Figure 3-3. Valley South System Current Configuration (2018)
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Figure 3-4. Valley South System Configuration (2021)
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Figure 3-5. Valley South System Configuration (2022 with ASP in-service)

The load shape of the year 2016 was selected for this study. This selection was made because it
demonstrated the largest variability among available records.>: This load shape is presented in Figure 3-6.

Valley South 2016 Load Profile
Original

1000

MVA

0 876 1752 2628 3504 4380 5256 6132 7008 7884 8760

Hour of year

Figure 3-6. Load Shape of the Valley South System

3.2.2 Study Criteria

The following guidelines have been used through the course of this analysis to ensure consistency with
SCE planning practices:

o The study and planning of projects adhered to SCE’s Subtransmission Planning Criteria and Guidelines.
Where applicable, North American Electric Reliability Corporation (NERC) and Western Electricity
Coordinating Council (WECC) standards were referenced when considering any potential impacts on
the butk-electriesystem{BES} and the non-radial parts of the system under CAISO control.

e Transformer overload criteria established per SCE Subtransmission Planning Criteria and Guidelines
for AA banks have been utilized.

e Thermal limits (i.e., ampacity) of conductors are maintained for N-0 and N-1 conditions.
e Voltage limits of 0.95-1.05 per unit under N-O and N-1 operating configurations.
e Voltage deviation within established limits of £5% post contingency.

13 Note that the load shapes of years 2017 and 2018 were skewed due to the use of the AA-bank spare transformers
as overload mitigation. Therefore, the load shape for year 2016 was adopted. Its shape is representative only and
does not change among years.
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3.2.3 Reliability Study Tools and Application

A combination of power flow simulation tools has been utilized for this analysis, such as General Electric’s
Positive Sequence Load Flow (PSLF) and PowerGem TARA. PSLF has been used for base-case model
development, conditioning, contingency development, and system diagram capabilities. TARA has been
used to perform time-series power-flow analysis.

Time-series power-flow analysis is typically used in distribution system analysis to assess variation of
guantities over time with changes in load, generation, power-line status, etc. It is now finding common
application-even in transmission system analysis, especially when the system under study is not heavily
meshed (radial in nature).

In this analysis, the peak load MVA of the load shape has been adjusted (scaled) to reflect the peak
demand for each future year under study. This is represented by Figure 3-7 for the Valley South System
as an example. The MVA peak load is then distributed amongst the various distribution substations in the
Valley South System in proportion to their ratio of peak load to that of the entire Valley South System in
the base case. Distribution substations under consideration in this analysis of the Valley South and Valley
North Systems are listed in Table 3-1.

Valley South 2048 Load Profile

Scaled
1600
1400
1200
1000
<
> 800
=
600
400
200
0
0 876 1752 2628 3504 4380 5256 6132 7008 7884 8760
Hour of year
Figure 3-7. Scaled Valley South Load Shape Representative of Study Years
Table 3-1. Distribution Substation Load Buses
Valley South Valley North
Auld Alessandro
Elsinore Bunker
Fogarty Cajalco
Ivyglen ESRP_MWD
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Valley South Valley North

Moraga Karma
Newcomb Lakeview
Pechanga Mayberry

Pauba Moreno
Skylark Moval
Stadler Nelson

Stent Stetson

Sun City

Tenaja
Triton

Hourly study (8,760 simulations per year) was conducted in selected years (5-year period) starting from
the year 2022 or 2021 where transformer capacity need exceeds its operating limit. -The results for the
years in between were interpolated. At each simulation, the alternating current (AC) power-flow solution
was solved, relevant equipment was monitored under N-O conditions (using equipment ratings under
normal conditions) and N-1 conditions (using equipment ratings under emergency conditions), potential
reliability violations were recorded, and performance reliability metrics (as described in Section 3.2.4)
were calculated. A flowchart of the overall study process is presented in Figure 3-8.

Unless otherwise specified, all calculations performed under reliability analysis compute the load at risk
in MW or MWh, which is not a probability-weighted metric.

The N-1 contingency has been evaluated for every hour of the 8,760 simutatien;simulations, and the
outages were considered to occur with an equal probability. The contingencies were generated using the
SCE contingency processor tool for the Valley South System. This tool generates single-circuit outages for
all subtransmission lines within the system. Whenever an overload or voltage violation was observed, the
binding constraint was applied to compute relevant reliability metric(s). When the project under
evaluation has system tie-lines that can be leveraged, theytie-lines were engaged to minimize system
impacts.—hetist et blnding consinintc o previded for dormensiration surseses a—thlc sectioncithc
repert: The losses are monitored every hour and aggregated across the existing and new transmission
lines in the service area.
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Scenario Select Study Year
> under Study and associated
(Alternatives) profile

Run AC Power
Flow Solution

Reliability Indices
—
(Planning Criteria}
Ml:lr-'urtored Record N-O flows
equipment
m 4 Reliability Indices

|
Record N-1
violations
mmma  Flexibility Metrics

| Figure 3-8. Flowchart of Reliability Assessment Process

Compute Indices

Several operational flexibility metrics were developed to evaluate the incremental benefits of system tie-

| lines under emergency including planned and unplanned outages; and High-tmpacttow-Prebability{HILP}
events in the Valley South System.

Flexibility Metric 1 evaluates the system under N-2 (common pole double-circuit outages) representative
efaddressing combinations of two transmission lines out ferof service. The contingencies were generated
using the SCE contingency processor tool for the Valley South System. This tool generates double-circuit
outages for all subtransmissiensub-transmission lines within-the-systemthat share a common tower or
right-of-way. The objective of this metric is to gauge the incremental benefits that projects provide for
events that would traditionally result in unserved energy in the Valley South System. The flow chart in
Figure 3-9 presents the overall process. The analysis is initiated taking into consideration the peak loading
day (24-hour duration) for a year and applying the N-2 contingencies at each hour. Whenever an overload
or voltage violation was observed, the binding constraint is used to determine the MWh load at risk; (LAR)
and to calculate the weighted amount using the associated contingency probabilities. The probability-
weighted MWh is representative of the expected energy not served (EENS). The contingency probabilities
were derived from a review of the historic outage data in the Valey-Seuthtimeframe from 2005 to 2018
in the SCE system. The results for the peak day were compared against the baseline system and utilized
as the common denominator to scale other days of the year for aggregation into the flexibility metric.
During-the-ceurse-of the analysis, it was observed that the system is vulnerable to N-2 events at load levels
greater than 900 MW. This also corresponds to the Valley South operating limit wherein the spare
transformer is switched into service to maintain transformer N-1 security. -Thus, for purposes of scaling,
only days with peak load greater than 900 MW were selected where there is a potential for EENSLAR to
accumulate in the system. When the project under evaluation has tie-lines, they are eensideredused to
minimize system impacts.
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Figure 3-9. Flowchart of Flexibility Metric 1 (Flex-1) Calculation Process

Flexibility Metric 2 evaluates the project performance under HILP events in the Valley South System.
This has been broken down into two components that consider different events impacting the-Valley
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South service-areaENA. Both components utilize a combination of power flow and load profile analysis
to determine the amount of lead-atriskLAR.

3.2

Flexibility Metric 2-1 evaluates the impact of the entire Valley Substation out of service, wherein all
eleetricthe load served by Valley Substation is at risk. Considering a twe2-week event (assumed
mintmum-substation outage duration to fully recover from an event of this magnitude}-areund-the
peakloading-day-in), the system;theaverage amount of lead-atriskLAR is determined. Athresheld-s
estabhshed—usmgunllzmg power flow 5|mulat|ons to evaluate the maximum load that can be
transferred by projects w

t—he—t—we—week—peﬂed—te—esﬂ-mateusmg system ties, the amount of Ioad that can be recovered is

estimated.

Flexibility Metric 2-2 evaluates a condition wherein the Valley South serviceareaENA is served by a
single transformer;- (i.e., two load-serving transformers at Valley Substation are out of service). This
scenario is a result of a catastrophic failure (e.g. fire or explosion) of one of the secendtwo
transformers, and causing collateral damage to the adjacent transformer-is-eut-ofservice-with-ne-,
rendering both transformers unavailable. Under these conditions, the spare available-transformer is
used to serve a portion of the load. Utilizing the 8,760--load shape and the transformer Shert-Term

Emergenecy—toadingHmitsshort-term emergency loading limits (STELL) and Lerg-Ferm—Emergency
LoadingLimitslong-term emergency loading limits (LTELL), the average amount of MWh lead—at

Hskover a 2- week duratlon LAR is estimated and aggregated fer—the—stady—year—?he—thre&held%
pplied ; ines: (“mean time to repair”
under major fallures). The analy5|s accounts for the mcremental relief offered by alternativessolutions

with permanent and temporary load transfer using system tie-linesties.

.4 Reliability Metrics

Prior to introducing reliability metrics, key elements of the overall project objectives must be outlined to
provide direction and to guide further analysis. The following key concepts are revisited using applicable

NERC guidelines and standards for Butk-Electric-System+{BES)—the BES.

Reliability has been measured with reference to equipment rating (thermal overload) and voltage
magnitude (low voltages).

Capacity represents the need to have adequate resources to ensure that the demand-ferelectricity
demand can be met without service outages. Capacity is evaluated under normal and emergency
system conditions; and under normal and heat storm weather conditions (included in load forecast).

Operational flexibility is considered as adequate electrical connections to adjacent electrical systems
to address an emergency, maintenance, ardor planned outage eenditienscondition. Therefore, it is
expected to operate the system radially and to accommodate flexibility by employing normally open
system tie-lines.

ResilieneyResilience has been viewed as an extension of the Flexibilityflexibility benefits, wherein
system tie-lines are leveraged to recover load under High-tmpacttow-ProbabilityHILP events.

Building on the overall project objectives, the following reliability metrics have been established to
address the reliability, capacity, flexibility, and resitieneyresilience needs of the system-:
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e Load at Risk (LAR)
a. Thisis quantified by the amount of MWh at risk from each of the following elements:
i. For each thermal overload, the MW amount to be curtailed to reduce loading below

equipment ratings—multiplied—bythe numberof -hours—of everlead:. This includes both
transformers and power lines serving the Valley South Systemsystem.

ii. Forvoltage violations, the MW amount of load to be dropped based on the voltage sensitivity
of the bus to bring the voltage to within established operating limits. The sensitivity study
established ranges of load drop associated with varying levels of post--contingency voltage.
For deviations in a bus voltage from the 0.95 per unit limit, the amount of load drop to avoid
the violation was determined-and-multiplied-by-the-numberof-hoursofvielatiens.

b. EENSLAR was computed for N-O and N-1 events: and aggregated or averaged over 1 year. The
focus of the analysis is on the Valley South System. However, under N-O condition-EENS, LAR
recorded on the Valley North Systemsystem was also accumulated during the simulation.

c. For N-1 events, system tie-lines are used where applicable to minimize the amount of MWh at
risk.

e Maximum Interrupted Power (IP)
a. Thisis quantified as the maximum amount of load in MW dropped to address thermal overloads
and voltage violations. In other words, it is representative of the peak MW overload observed
among all overloaded elements.

b. IP was computed for N-0 events and N-1 events.
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| e Lesses—Valley South System Losses: Losses (MWh) are treated as the active power losses in the Valley
South System. New transmission lines, introduced by the scope of a project, have also been included
in the loss computation.

| e Availability of Flexibility in the system—System: Measure-ef the availability of flexible resources
(system tie-lines, switching schemes) to serve customer demand. It provides a proxy basis for the
amount of flexibility (MWh) that an alternative project provides during maintenance operations,
| emergency events, andor other operational issues. Two flexibility metrics are considered:
a. Flexibility Metric 1: Capability to recover load during maintenance and outage conditions.
| i. Calculated as the amount of energy not served for N-2 events. MeasureThe measure of the
capability of the project to provide flexibility to avoid certain overloads and violations
observable under the traditional no-project scenario. This flexibility is measured in terms of
the incremental MWh that can be served using the flexibility attributes of the project.

&b. Flexibility Metric 2: Recover load for the emergency condition: Single point of failure at the Valley
Sewuth-substation and its transformer banks.

i. Flex-2-1: Calculated as the energy unserved when the system is impacted by high-impacttow
probabilityreventHILP events such as loss of the entire-Valley Substation resulting in no source
left to serve the load. Projects that establish system tie-lines or connections to an adjacent
network can support the recovery of load during these events. This metric is calculated over
a-twean average 2-week period (average-assumed minimum restoration duration for events

of this magnitude) areund-thesummerpeak—econdition-in the Valley System—Probabilities

ii. Flex-2-2: Calculated as the amount of MWh load at risk when the system is operating with a
single (spare) transformer at Valley Substation (secend-transfermertwo transformers are out
of service anddue to major failures). This event is calculated over an average 2-week period

in the spare-transformerisunavailable)Valley South System. Projects that establish system

o Period of Flexibility Deficit —(PFD): The PFD is a measure of the total number of periods (hours) when
the available flexible capacity (from system tie-lines) werewas insufficient and resulted in energy not-
being served for a given time horizon.

The above list has been iteratively developed to successfully translate project objectives into quantifiable
metrics and provides a basis for project performance evaluation.
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3.3 Benefit-Cost Framework and Study Assumptions

Each of the projects havehas been evaluated using a Benefit-Costbenefit-cost framework that derives the
value of project performance (and benefits) using a combination of methods. This framework provides an
additional basis for the comparison of project performance while justifying the business case of each
alternative to meet the load growth and reliability needs of the Valley South System.

Benefit-Cost analysis-isa-commonlyusedtoolinpublicpelicy discussionand-decisions—BenefitThe benefit
is defined as athe value of the impact of a project teon a firm, a household, or society in general. This
value can be either monetized or treated on a unit basis while dealing with reliability metrics like EENS;
SAIDILAR, IP, and SAH-PFD (among other considerations:). Net benefits are the total reductions in costs
and damages as compared to the baseline, accruing to firms, customers, and society at large, excluding
transfer payments between these beneficiary groups. All future benefits and costs are reduced to a Net
Present-Werthnet present worth using a discount rate; and an inflation rate; over the project lifetime or
horizon of interest.

The overall process associated with the detailed alternatives analysis framework has been presented in
Figure 3-10.

Evaluate Capital

Cost(3)

Identify Evaluate Operating Benefit — Cost Risk
Alternatives Cost 5 Analysis Assessment
> Compute Monetized Characterize

Reliability Indices Benefit Costs & Uncertainties

Figure 3-10-Benefit-Cost-analysis-framewerk. BCA Framework

The project costs have been developed by SCE as the Present—Valuepresent value of Revenue
Reguirementsrevenue requirements (PVRR) over the lifetime of the asset to include the rate of return on
investment, initial capital investments, Operations&Mainteraneeoperations and maintenance (O&M3),
and equipment--specific costs. These are reflective of the direct costs used in the analysis. Due to the
differences in equipment life of the projects under consideration, the present worth of costs has been
utiized-everused throughout the peried-ef-study horizon. The PVRR costs are offset for incremental
revenues generated by the battery energy storage system (BESS) assets through market participation.
Table 3-2 presents the financial assumptions considered in this analysis. Further details
pertinentpertaining to each of the assumptions are elaberatedpresented in the upcoming sections of this
report.
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In the scope of this assessment, the benefits for considered metrics (Section 3.2.4) are derived by a
comparison of system performance with and without the project in service. Depending on the benefit
category, a distinction is made between monetized and non-monetized benefits. The monetized benefits
are typically probability-weighted and represented as EENS. Unless otherwise specified, the non-
monetized benefits are not probability weighted. The benefits in combination with PVRR costs-PVRR have
been used at different capacities to develop a comprehensive view of project performance. —-This
evaluation framework includes a traditional benefit-cost comparison of alternatives to characterize the
risks associated with load sensitivities.

Table 3-2. Financial and Operating Costs

Parameters Value m

Discount Rate (Weighted Aggregate Cost of Capital: WACC) 0%  SCE
. _ o T~ = 40
Customer price (Locational Marginal Price) -MH"*-H___ .._//___, $/MWh CAISO
Inflation Rate (Price Escalation) _J:,::'“':-:_H_ 2.5% Quanta
Load distribution: Residential — T 90%  SCE
Load distribution: Commercial = . B 10% SCE
Annual Outage rate for Flexibility-2-2 events T~ 00169  NERC
Annual Outage rate for High Impact Low Probability Event (Flexibility-2-1 events) 0.01 NERC
BT
Discount rate (weighted aggregate cost of capital [WACC]) 10%
Customer price (locational marginal price [LMP]) 40 S/MWh CAISOY’
Inflation rate (price escalation) 2.5% Quanta
Load distribution: residential 33% SCE
Load distribution: small & medium business 36% SCE
Load distribution: commercial and industrial 31% SCE
Annual outage rate for Flexibility-2-2 events 0.0015 CIGRE?®®
Annual outage rate for HILP event (Flexibility-2-1 events) 0.01 NERC®

The non-monetized benefits have been presented in two different formats. From the perspective of
Reliability-Analysis{Chaptersreliability analysis (Sections 4 &and 5), they are described as the sum (or the
cumulative effect) of the benefits of the project over the project study horizon. -In the CestBenefit
Framewerk{Chaptercost-benefit framework (Section 6), the non-monetized benefits are calculated as the
present worth of benefits discounted at the weighted aggregate cost of capital (WACC) everthroughout
the peried-ef-study horizon. An example of the latter, EENSLAR (MWh) benefits of the ASP under normal
system condition (N-0) and their present worth using the discount rate of WACC are presented in Figure
3-11.

17 http://oasis.caiso.com/ (Node: VALLEYSC_ 5 B1)
18 Reference [8]
9 Reference [7]
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Figure 3-11-EENS. LAR (N-0) benefits-accumulatedBenefits Accumulated for ASP over
the study-herizenStudy Horizon

EENSLAR (N-0, N-1};) and flexibility indices (Flex-1, Flex-2-1, and Flex-2-2) were monetized using the
S/kWh for unserved energy (load) from the customer perspective as provided by SCE?: [6]. These costs
are separated into residential, small & medium business, and commercial & industrial in $/kWh. Figure
3-12-belew presents the costs over a 24-hour duration as applied to this assessment.
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Figure 3-12. Value of Unserved kWh

The formulation below describes the monetized benefits; and are complemented by the assumptions
detailed previously in Table 3-2:

Expected-Energy-NotServed{
e EENS} under N-0 conditions:

= EENSLAR (MWh) for the year multiplied by the Cestcost of lost load (5/MWh) associated with a 1-
hour outage duration-ef-everlead;.

=  Costs derived based-en-duration-ofcontinuousoverlead-from Figure 3-12 for the 1-hour outage,
consistent with the principles of rolling outages between different customers each hour.
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Expected—EnergyNot-Served—{The cost associated with a 1-hour duration for residential is
9.47S/kWh, small/medium business is 431.605/kWh, and commercial/industrial is 78.28S/kWh.

e EENS} under N-1 conditions:

EENSLAR (MWh) for the year multiplied by the Cestfercost of lost load (S/MWh) associated with
average-eutagea 1-hour duration multiplied by the Qﬁieageoutage probablllty,

¥a#eyéeu¢-h—€osts assoaated W|th t—hrsa 1-hour duratlon (F|gure 3 12) were used consistent with
the principles of rolling outages between different customers each hour.

The cost associated with a 1-hour duration have-been-utilized-from-Figure 3-12for residential is
9.47S/kWh, small/medium business is 431.605/kWh, and commercial/industrial is 78.285/kWh.
Probabilities of circuit outages have been derived from historic event data in Vaelley-Seuth-the
Valley South, with a failure rate of 3.4 outages per 100 mile years and a mean duration of 2.8
hours.?! The outage probabilities associated with N-1 circuits are presented in Table 3-3. For new
lines in the prejectalternatives, probabilities have been calculated using the estimated length of

the circuit and the associated with-cireuitsof comparablelength-have been-utilizedfailure rates

using the 3.4 outages per 100 mile-years metric.

Table 3-3. N-1-line-eutage-probabilities Line Outage Probabilities in Valley South

Auld-Moraga #1 and #2 0.050978418
Auld-Sun City 0.029792582
T EHsinore-Skylark 0038329638

" Fogarty-lvyglen 0.022758222
MoréEﬁ*—nghanga G,O‘:’.l_;s&)fé
Moraga-Stadler'Stent 0050418216
Pauba-Pechanga .~ 0.021081301
Pauba-Triton '___/' T 0043695787
Skylark-Tenaja -~ " 0.011498891
Stadler-Ténaja 0.026009397

val_lpy-iiﬁld #1and #2 0.095584534
_Valley-Elsinore-Fogarty 024123715

Valley-Newcomb 0.038688978
Valley-Newcomb-Skylark 0.102813616
Valley-Sun City 0.019861721
Valley-Auld-Triton 0.029130525

Line Outage Probability Index

Auld-Moraga #1 0.36074
Auld-Moraga #2 0.40664
Auld-Sun City 0.27846
Elsinore-Skylark 0.1632
21 provided by SCE.
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Line Outage Probability Index

Fogarty-lvyglen 0.32164
Moraga-Pechanga 0.17578
Moraga-Stadler-Stent 0.23188
Pauba-Pechanga 0.26112
Pauba-Triton 0.26622
Skylark-Tenaja 0.14994
Stadler-Tenaja 0.17374
Valley-Elsinore-Fogarty 0.59092
Valley-Newcomb 0.21454
Valley-Newcomb-Skylark 0.67966
Valley-Sun City 0.12818
Valley-lvyglen 0.918
Valley-Auld #1 0.40664
Valley-Auld #2 0.34884
Valley-Triton 0.53244

e  Flexibility-1 Metric
= EENSLAR (MWh) for thel year multiplied by the Gestforcost of lost load (5/MWh) associated with
average-outage-a 1-hour duration multiplied by the Sutageoutage probability;.
= Costs associated with 5a 1-hour average-outage-duration were-utiized-frem-(Figure 3-12--) are
used consistent with the principles of rolling outages between different customers at each hour.

= The 5cost associated with a 1-hour duration was-derived-from-analysis-oftheaverage-numberof

hours—that—the —systemfor residential is eperating—above—900 MW thresheld;9.475/kWh,
small/medium business is 431.60S/kWh, and commercial/industrial is 78.285/kWh.

=  Probabilities of circuit outages were derived from historic event data in Valley South: System, with
a failure rate of 0.8 outages per 100 mile years and a mean duration of 3 hours.

= Considering the large combination of N-2 circuit outages that potentially impact the Valley South
System, Flexibility 1 metrics are limited only to circuits that share a double circuit pole. The
preduct—of-outage probabilities associated the—cembination—efindividual—eiredits—with N-2

contingencies are provided in the N-2eutage-definition-have-beenutilized-Appendix (Section 9).

o  Flexibility-2-1 Metric
= EENSLAR (MWh) over twean average 2-week duration multiplied by the Cestcost of lost load
(S/MWh) associated with assumed a twe2-week outage duration multiplied by the Outage
Prebabilitoutage probability.
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| = The outage duration for this event is considered to be twe2 weeks, reflective of the minimum
restoration duration for an event of this magnitude. The cost has been derived as the average cost

of lost load ever24-heurduratienfrom-Figure-3-12-using hour 1 and hour 24 from Figure 3-12.

Considering the uncertainties and shortage of publically available data sources to support the
guantification of customer interruption costs due to events of this magnitude, the average of hour
1 and hour 24 cost data would prevent bias towards to a higher or lower monetary impact.

=  The cost associated with this event for residential is 5.685/kWh, small/medium business is
238.4S/kWh, and commercial/industrial is 52.11S$/kWh.

=  Probabilities associated with an event of this magnitude have been adopted as 0.01, signifying a
1-in-100 year event, adopted from NERC treatment of events of similar magnitude® [7].

o  Flexibility-2-2 Metric
= EENSLAR (MWh) for the year multiplied by the Cestcost of lost load (S/MWh) associated with 1-
hour duration efeverlead-multiplied by the Sutage-Probability;outage probability.

= Costs derived-fremassociated with a 1-hour duration ef-centinvous-everload-from-(Figure 3-12;)
were used consistent with the principles of rolling outages between different customers each
hour.

= The cost associated with a 1-hour duration for residential is 9.47S/kWh, small/medium business
is 431.60S/kWh, and commercial/industrial is 78.285/kWh.

= Probabilities associated with this event have been adopted from NERE—FADSthe CIGRE

Transformer Reliability Survey [8] data for major transformer eutages-en-the 500/315-k\-system
and-treatedasa-1-in-60events (fire or explosion) reported to be 0.00075 failures per transformer

year-event{0-0169%%) oceurring-once-during the-average lifetimeof the-asset..

e Llosses
= Losses (MWh) for the year multiplied by the Average-average locational marginal price (LMP) at
the Valley 500--kV bussubstation.
= The average LMPs are obtained from production simulation of the CAISO model for the year 2021
and 2022 and escalated each year.

= Thelossreductionis treated as a benefit and aggregated to the monetized EENS and Flex benefits.

3.3.1 Benefit-Cost Methodology

As described in earlier sections of this report, all costs and benefits have been evaluated over the study
horizon from the in-service year** 2021/2022 (depending on the need year from forecast used for the
study) to 2048, which eevercovers the 30-year horizon. The benefits associated with each project have
been calculated as the present worth of each benefit category.
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Following the quantification of the present worth of costs and benefits, three different types of analysis
have been considered to select the most suitable project among the pool of alternatives. The proposed
methodologies utilize the benefits in their non-monetized and monetized representation.

3.3.1.1 Benefit--Cost Analysis (BCA)
The Benefit-Costanalysisbenefit-to-cost ratio is the-meststraightforward-and-commonly—used-metric

ferone element to consider in determining whether or not a project eemparisen-should be implemented.
However, it requires both benefits and costs to be treated on a common unit basis ($). Due to this, only
monetized benefits are considered for this assessment. With the monetized benefits, a ratio is derived
| effrom the cost of the project to aggregate benefits introduced by the project.

The relevant benefit categories are monetized eensistent-withper the discussion in Section 3.3.1. The
benefits are derived as differences in monetized costs with and without the project in service, which
directly translates into cost savings from the Custemers‘customers’ perspective. For example, without a
project in service, customers in the Valley South Systemsystem are vulnerable to 50 MWh of EENS in the
year 2026 under normal system eenditionconditions (N-0), which translates into a $6.6M cost to
customers. However, with a project such as ASP in service, the 50 MW of EENS is eempletely-eliminated,
and the $6.6M cost to customers will be avoided.

3.3.1.2 Levelized Cost Analysis

This evaluation is most suited for non-monetized metrics and their benefit evaluation. For each of the
projects under consideration:

e The benefits have been quantified using the difference between the project and the baseline scenario.

e The benefits of each category from N-0 and N-1 are normalized as the ratio of $/Unitunit benefit using
their present worth over the horizon using the WACC discount rate.

e This index primarily provides insight into the investment value ($) from each project to achieve a unit
of benefit improvement from baseline.

For example, the Presentpresent worth of the ASP project cost is $545M474M, and the present worth of
N-0 EENS benefit from the ASP (in comparison to baseline) is 8,657 MWh. The ratio of $545M474M/8,657
MWh suggests that this project would require an investment of $62,95454,753 to achieve 1 MWh of N-0
EENS benefit.

3.3.1.3 Incremental Benefit-Cost-AnalysisBCA
Incremental benefitcostanalysisiscemmeonltyBCA is used to rank and value the overall benefits attributed

to an alternative project; while providing an advantage to the most cost-effective solution that provides
maximum benefit. The procedure is eutlined-asfelows.summarized below [9]:

Considering that the proposed project solutions are mutually exclusive alternatives (MEA), the MEAs are

ranked based on their cost in an-increasing order. The do-nothing or least--cost MEA is selected as the

baseline. The incremental benefit-to-cost ratio (i—?) for the next least-expensive alternative is evaluated.

Provided that the ratio is equal to or above unity, this alternative will be selected; and replaces the
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baseline to evaluate the next least-expensive MEA. For a ratio below unity, the last baseline alternative is
maintained. The incremental benefit-costanalysisBCA will continue and iterate between the baseline and
the next alternative. The selection will stop once the incremental benefit-to-cost ratio becomes
unfavorable or the list is exhausted. The flowchart in Figure 3-13 provides an overview of the overall
process.
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Figure 3-13. Incremental BCA Flowchart

Incremental BCA, also known as marginal benefit—-to-cost analysis flewehart(MBCA), is considered a
superior approach relative to a conventional BCA, for utilities to compare the cost effectiveness of
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alternative projects. The methodology assures “that dollars will be spent one at a time, with each dollar
funding the project that will result in the most reliability benefit, resulting in an optimal budget allocation
that identifies the projects that should be funded and the level of funding for each. This process allows
service quality to remain as high as possible for a given level of funding—allowing electric utilities to be
competitive, profitable, and successful in the new environment of deregulation” [10].

3.3.2 BESS Revenue Stacking

Revenue stacking describes a situation where the-battery-energy-storage-systerm-{a BESS} is used for more
than one domain of applications. When wholesale market applications and Fransmission—&

Bistributientransmission and distribution (T&D) applications are allowed to be performed by the same
BESS, the BESS accesses and participates in wholesale markets in addition to its primary function (T&D
applications). T&D applications always take priority over wholesale market participation. This means, the
function of the BESS always first ensures reliable operation of the T&D system as needed before
consideration for market participation. Needed capacity and required dispatch levels must be considered
as constraints to market participation.

In the Valley South planning area, batteries primarily provide local reliability, capacity, and flexibility
benefits by supporting N-0, N-1, and N-2 needs in the system (primary application). To leverage the
benefits from BESS-based solutions in each of these categories, the available capacity is reserved during
summer months (peak demand period) from June to October (i.e., the BESS is only allowed to participate
in the wholesale market outside the summer operating period).

| During-theperiod-ef-theyearwhenWhen the BESS is not required for the primary application, it can time-

shift the energy by participating in wholesale energy markets (i.e., market participation). This service

| results in ratepayer savings when the asset is assumed to be utility--owned with all energy cost savings
passed on to ratepayers. “Shared application” or “hybrid application” is also investigated. This means that
the storage is also used for ancillary services provision.

| For applicable solutions that include BESS (Nen-wire—atternativesNWAs or Hybridhybrid), additional
potential benefits of BESS participating in CAISO wholesale and ancillary service (AS) markets are
determined. The optimization uses the Bay-Aheadday-ahead (DA) prices for charging and discharging; to
simulate the strategy in which charging load and discharging isare offered into the DA market. For this
purpose, 2018-—2019 DA for the node at the Valley South System is used. -Energy storage also offers
RegulatienUpregulation-up (RegUp) and Regulatien-Dewnregulation-down (RegDown) services into the
CAISO aneillaryserviceAS markets. Each day, the optimization would co-optimize the energy and ancilary
serviceAS participation across the day-se-as to maximize revenues subject to BESS operational constraints.

An Energy-Creditenergy credit is calculated under each scenario using the discharging revenues less the
charging payments when only wholesale energy participation is considered. These energy credits in the
wholesale and regulation cases also include an estimate of the settlement of regulation revenues at AS
clearing prices. Generally, energy credits decrease as regulation capacity increases, as less battery
capacity is then available for arbitrage. Table 3-4 summarizes data inputs that have been utilized for

| market analysis. This includes the data name, data type, and duration of the extracted data (applicable
for time-series data).
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Table 3-4. Data Inputs for Market Analysis

Input Data Type Value
(Source)
Hourly Load Data (MW) Time-series (SCE) Data provided for 01/01/2016 — 01/01/2017
Load Threshold (MW) Parameter (SCE) 1120 MW
Battery ¥O6Variable O&M Cost Parameter
0.005 S/kWh
($/kwh) (@FaTech) o
Battery mintmaxMin/Max Allowable
Y / Parameter Min/Max: 5/100%
State of Charge (SOC) (@FQTech)
Parameter o
Start/-End of Day SOC (QTQTech) 50%
. - Parameter 0
BESS Charging Efficiency (QTQTech) 92%

Wholesale Day-aheadAhead LMP

Data (&/kWh) Time-series (1SO) Data extracted for 01/01/2018 —01/01/2019
BESS Discharging Efficiency zg?zz‘;; 98%
Reg”'al\t/zg:kgf;?c‘ifz’s"}':v%eari”g Time-series (ISO) Data extracted for 01/01/18 — 01/01/2019
LMP Price Escalation/yr -I(-IQn;IIIZ:'Z::Is)S 2.5%
LA Basin Local RA Weighted Average Parameter (CPUC

Value ($/KW-Month) [11]) $3.64/KW — Month for year 2018

This evaluation was carried out using a proprietary optimization tool developed by Quanta Technology-fer

evaluating-storageprojects-economics—This-. The tool uses a mixed-integer programming methodology
H aa on aWa FalV7alVa' Q o on N O oblam

. The co-optimization of storage resource participation in energy and ancillary-serviceAS markets is similar
to that performed by the CAISO in its market--clearing. The tool computes the optimal allocation of BESS
capacity to the different markets each hour; while observing constraints imposed by the BESS
characteristics and capabilities.- This is done for the 8,760 hours of the year and the total revenues
computed.

For the storage sizes established under each project, a bidding strategy of offering both charging and
discharging into the DA markets was evaluated. As an additional step, the strategy of also offering RegUp
and RegDown services into the CAISO ancitary—serviceAS markets was evaluated. —Each day, the
optimization would co--optimize the energy and ancilary-serviceAS participation across the day se-as-to
maximize revenues subject to BESS operational constraints. The prices were escalated at 2.5%/yr- to cover
the horizon until 2048. Annual market benefits are calculated as a summation of energy, Regulation

UpRegUp, and Regulatien-Deown-CapacityRegDown capacity less the variable 0& M-AOMJ)-. Note: VOMthe
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variable O&M of $0.00579/kWh is considered for both charging and discharging of the battery. A low-
order ¥OMvariable O&M cost is assumed to account for external costs including bidding, scheduling,
metering, and settlement. -Figure 3-14 exhibits a sample from the optimized BESS schedule over a 24-

hour duration.
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Figure 3-14. Daily Scheduling Example

In addition to participation in wholesale energy and AS markets, potential revenue available from the
Resource Adequacy (RA capacity markets) have been estimated. The revenues are derived using local RA
prices for the Los Angeles basin area obtained from the CPUC 2018 Resource Adequacy Report [11].

The model assumes available capacity is reserved during summer months (peak demand period) from
June to October (i.e., the BESS is only allowed to participate in the RA market outside the summer
operating period). The RA prices representative of the weighted average values has been used and
escalated at a rate of 2.5% for future years. The analysis takes into consideration the minimum 4-hour
duration requirement for BESS participation while accounting for capacity fading at a rate of 3% per year.
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3.3.3 Risk Assessment

Load forecast uncertainty has been treated in the risk assessment. The range of load variability associated
with the three main forecasts considered in this study are presented in Figure 3-15 and Table 3-5.

Range of Forecast Uncertainty
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Figure 3-15. Load ferecast+ange-Forecast Range

Table 3-5. Statistics Associated with Load Forecast

| ow ] e

2023 11451146 1181

2028 11821183 12411242
2038 1230 13681369
2048 1302 14731474

Considering the spectrum of-the alternative projects under analysis, a deterministic risk analysis has been
performed. The deterministic risk analysis provides insight into the capabilities of alternatives to meet the
incremental demands of the system in the future; and characterizes the risks associated with load
sensitivities. Within the scope of the deterministic risk analysis, the performance of project
alternativealternatives is investigated under various forecast trends and compared using Benefit-
Cestbenefit-cost metrics.

CONFIDENTIAL/PROPRIETARY © 206192021 QUANTA TECHNOLOGY, LLC G-2, Page 238




|

QUANTA REPORT (V2)
(- ) TECHNOLOGY

DELIVERABLE 3: BENEFIT COST ANALYSIS OF THE ALTERNATIVES PROJECTS | SCE

4 RELIABILITY ASSESSMENT OF ALBERHILL SYSTEM PROJECT

4.1 Introduction

| The objective of the analysis in this ehaptersection is to apply the reliability assessment framework ento
the ASP. The performance and benefits of the ASP are computed in comparison to the baseline scenario
(i.e., no project in service) following the methodology detailed in Section 3.2. The performance of the
baseline system is initially presented, followed by the ASP for all considered load forecasts (PVWatts,
Effective PV, and Spatial Base).

In order to successfully evaluate the benefits of potential projects in the Valley South System, the
performance of each project must be effectively translated into quantitative metrics. These metrics serve
the following purposes:

To provide a refined view of the future evolution of the Valley South System reliability performance;
To compare project performance to the baseline scenario (no project in service};)
To establish a basis to value the performance of the ASP against overall project objectives;

To take into consideration the benefits or impacts of flexibility and resilierey—{high-impact—tow-
prebabilityresilience (HILP events)and)

5. To previde-guidanceguide for comparing projects against alternatives-

H N

Within the framework of this analysis, the reliability, capacity, flexibility, and resiliereyresilience benefits
have been quantified.

4.2  Reliability Analysis of the Baseline System

The baseline system is the no-project scenario within this analysis. It depicts a condition wherein the load

| grows to levels established by the forecast under the study, without any project in service to address the
shortfalls in transformer capacity. This scenario forms the primary basis for comparison against
alternatives performance to evaluate the benefits associated with the project.

The baseline system has been evaluated under the need year?; 2021/2022 (depending on the need year
from forecast used for the study), 2028, 2033, 2038, 2043, and 2048. Each of the reliability metrics
established byin Section 3.2.4 havehas been calculated using the study methodology outlined byin Section
3.2.3.
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4.2.1 System Performance under Normal Conditions (N-0)

Findings from the system analysis under N-0 conditions in the system are presented in Table 4-1 for the
Effective PV Forecast, Table 4-2 for the Spatial Base Forecast, and Table 4 -3 for the PVWatts Forecast.

Table 4-1. Baseline N-0 System Performance (Effective PV Forecast)

2028 250 65
2033 905 120
2038 2,212

2043 '
| /41.31’/ 246
2048 6310 288

2022
2028
2033
2038
2043
2048

v EENS SAIDI Losses
ear
{MWh} {hr} {hr} (MWh)

w0

49,667

\ / 7 7 52,288

/3/ 18 23 54,472
"“\H

87 2 el 56,656

236 4 53 \a\ 58,840

517 7 77 77 eiox

Year Losses
MWh (MWh)

49,667

250 65 7 52,288
905 120 18 54,472
2,212 190 37 56,656
4,184 246 53 58,840
6,310 288 77 61,024

Table 4-2. Baseline N-0 System Performance (Spatial Base Forecast)

Yenr SAIDI Losses
(h r) (h r) (MWh)

2021 50,082
2022 129 4\ 50,838
2028 908 54,467
2033 2,844 205 42 48 57,450
2038 5,741 /n/ 422 6 R 69 60,432
2043 /9,5'88/ 348 1,073 11 102 h\x 63,415
348/ 14,522 411 2,195 15 142 142 E,EQ?
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Year Losses
(MWh) (MWh)

2021 50,082
2022 129 42 5 50,888
2028 908 131 19 54,467
2033 2,844 205 42 57,450
2038 5,741 280 69 60,432
2043 9,888 348 102 63,415
2048 14,522 411 142 66,397

Table 4-3. Baseline N-0 System Performance (PVWatts Forecast)

e EENS CAIDI Losses
{MWh} (hr} (MWh)

2022 22 2 49,667

2028 250 \ / 7 7 52,288

2033 292 67 /<9\ 8 10 52,859
2038 740 11?//11 1 \Ia\ 14 54,310

2043 1,504//155 13 0 26 \n\ 55,761

2048//2,559 199 102 3 37 v san

Year Losses
(MWh) (MWh)

2022 49,667
2028 250 65 7 52,288
2033 292 67 8 52,859
2038 740 117 14 54,310
2043 1,504 155 26 55,761
2048 2,659 199 37 57,211
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Findings from the system analysis under N-1 conditions in the system are presented in Table 4-4 for the
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Effective PV Forecast, Table 4-5 for the Spatial Base Forecast, and Table 4-6 for the PVWatts Forecast.

Table 4-4. Baseline N-1 System Performance (Effective PV Forecast)

Deficit
Flex-2-1

(MWh)

2022 10 2 m 0.01 14 5,446 192,865 57,814 14
— .
2028 67 11 0.73 Nz 16,219 201,538 74,821 13
2033 249 21 6.12 \;2& 210,603 94,913 29
2038 679 35 }1'3( ) 88 34,173 \‘HQ@S 118,576 41
2043 12:6/45/ | 93.41 141 120 43,151 228,SGSR\QGQ? 66
2048 | /2, 3 68 253.88 2.53 153 52,128 234,771 159,%“\ 100
M E Deficit Deficit Deficit
Year Flex-1 Flex-2-1 Flex-2-2
(MWh) (MWh) (MWh)
2022 10 2 14 54,545 127,935 2,138
2028 67 11 32 163,415 133,688 2,774
2033 249 21 54 254,140 139,702 3,514
2038 679 35 88 344,864 145,991 4,421
2043 1,596 45 120 435,589 151,619 5,294
2048 2,823 68 153 526,314 155,733 5,975
Table 4-5. Baseline N-1 System Performance (Spatial Base Forecast)
Deficit Deficit Deficit
Year Flex-2-1 Flex-2-2
2021 18 4 0001 18 6327 194613 61,014 15
2022 40 6 0.46 28 950 197,970 67,510 15
2028 231 23 4,51 0.19%--\\?\9, 172 211,637 97,361 24
2033 989 40 54.14 087 98 4%9\ 222,543 125,103 62
2038 2,435 62 46 2.18 147 61,807 M 155,356 91
2043 5,263 1 738.14 4.78 204 78,125 242,925 \18&@8 154
2048‘ /Qﬂﬁ 128 1,934.23 8.45 261 94,442 251,122 212,823\ 229
LAR Deficit Deficit Deficit
Year (MWh) Flex-1 Flex-2-1 | Flex-2-2
(MWh) (MWh) (MWh)
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2021 18
2022 40
2028 231
2033 989
2038 2,435
2043 5,263
2048 9,236

23
40
62
71
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128

18
28
60
98
147
204
261

54,545
122,681
531,497
872,176

1,212,856
1,553,536
1,894,216

129,095
131,322
140,388
147,622
154,744
161,142
166,580

2,255
2,491
3,612
4,670
5,811
6,952
8,000

Table 4-6. Baseline N-1 System Performance (PVWatts Forecast)

PFD
(hr)

2 0.08 H‘\o.% 14

ors 2

-

11 0.97/ /eros/

Year

2022 10

2028 67 11 0.73

2033 75

2038 182 20 798

/

2043 45.4/ 29 93.41

2048 805 35 31.66
Year LAR

(MWh)

2022 10
2028 67
2033 75
2038 182
2043 454
2048 805

11
11
20
29
35

0.15
141
0.71

14
32
33
51
79
94

(Mwh) | (viwn)
5486 192865
16,219 201,538
\15.913\201,755
21,504
26,095 216,849
30,685 221,946

Deficit
Flex-1

(MWh)
54,545
122,681
531,497
872,176
1,212,856
1,553,536

Deficit
Flex-1

Deficit
Flex-2-1

Deficit
Flex-2-2
(MWh)

57,814
74,821

75,302

2o\a6na-\ 92,677

Deficit
Flex-2-1
(MWh)
127,935
133,688
133,840
139,065
143,845
147,226

123,501

Deficit
Flex-2-2
(MWh)

2,138
2,774
2,791
3,432
4,110
4,615

14
13

16

20

In the baseline system analysis, the following constraints (Table 4-7) were found to be binding under N-0
and N-1 conditions. These are the key elements that contribute to the EENSLAR among other reliability
metrics under study (reported from need year and beyond).

In Table 4-7, only thermal violations associated with each constraint are reported.
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| Table 4-7. List of Baseline System Thermal Constraints

Spatial | Effective PVWatts
D Outage Outage Definition Base PV

Element Category
Year of Overload

\T/f:::fjfm“tet N-0 Base case 2021 2022 2022
Auld to Moraga #1 N-0 Base case 2038 2047
Valley EFG to Tap 39 N-0 Base case 2043
Valley EFG to Sun City N-0 Base case 2043

Auld-Moraga #2 N-1 Auld-Moraga #1 2032 2038 2048

Auld-Moraga #1 N-1 Auld-Moraga #2 2021 2022 2022
Valley EFG-Tap 39 N-1 Valley EFG -Newcomb-Skylark 2033 2043

Tap 39-Elsinore N-1 Valley EFG -Newcomb-Skylark 2028 2038 2043

Auld-Moraga #1 N-1 Skylark-Tenaja 2038 2048
Valley EFG-Sun City N-1 Skylark-Tenaja 2048

Moraga-Tap 150 N-1 Skylark-Tenaja 2048

Skylark-Tap 22 N-1 Valley EFG -Elsinore-Fogarty 2028 2033 2038

Valley EFG-Sun City N-1 Valley EFG -Auld #1 2038 2043

Valley EFG-Auld #2 N-1 Valley EFG -Auld #1 2048

Valley EFG-Auld #1 N-1 Valley EFG -Sun City 2038 2048

Valley EFG-Auld #2 N-1 Valley EFG -Sun City 2043

Valley EFG-Tap 22 N-1 Valley EFG -Newcomb 2038 2043

Valley EFG-Auld #1 N-1 Valley EFG -Auld #2 2038 2048
Valley EFG-Sun City N-1 Valley EFG-Auld #2 2038 2043

Valley EFG-Triton N-1 Moraga-Pechanga 2043 -

Valley EFG-Tap 39 N-1 Valley EFG -lvyglen 2048 -

Auld-Moraga #1 N-1 Valley EFG-Triton 2032 2043 2048
Moraga-Pechanga N-1 Valley EFG-Triton 2028 2038 2043
Valley EFG-Auld #1 N-1 Valley EFG-Triton 2048
Valley EFG-Sun City N-1 Valley EFG-Triton 2043

4.2.3 Key Highlights of System Performance

| The key highlights of system performance for the baseline system are as follows:

| 1. Without any project in service, the Valley South System transformers are projected to overload in the
year 2022. Sensitivity scenario using Spatial Base forecast demonstrates a need year by 2021.

| 2. In the Effective PV forecast by the year 2028, 250 MWh of EENSLAR is ebservableobserved in the
system under N-0 conditions. This extends to 6,309 MWh by 2048 with no project in service. Through
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the range of forecast sensitivities, the potential tead—at+iskLAR ranges from 2,600 MWh to 14,500
MWh in a 30-year horizon.

In the Effective PV forecast between 2028 and 2048, the flexibility deficit in the system increases from
7 hours to 77 hours under the N-O condition. Considering the range of forecast uncertainties, the
number of hours of deficit in the system under N-0 range from 37 hours to 147 hours in the year 2048.
With the system operating at load levels greater than 1,120 MVA, it becomes inereasingincreasingly
challenging to maintain system N-1 security.

In the Effective PV forecast by the year 2028, 67 MWh of EENSLAR is observable in the system under
N-1 conditions. This extends to 2,800 MWh by 2048 with no project in service. Through the range of
forecast sensitivities, the potential fead-at+iskLAR ranges from 805 MWh to 9,200 MWh in a 30-year
horizon.

Reliability Analysis of the Alberhill System Project (Project A)

The Alberhil-System-ProjectASP has been evaluated under the need year?; 2021/2022 (depending on the
need year from forecast used for the study), 2028, 2033, 2038, 2043, and 2048. Each of the reliability
metrics established byin Section 3.2.4 havehas been calculated using the study methodology outlined byin
Section 3.2.3.

4.3.

1 Description of Project Solution

The Alberhil-System—ProjectASP would be constructed in Riverside County and includes the following
components:

Construction of a new 1,120 MVA 500/115 kV substation to increase the electrical service capacity to
the area presentlycurrently served by the Valley South 115 kV system. Two transformers were
installed, one of which is a spare.

Construction of two new 500 kV transmission line segments to connect the new substation to SCE’s
existing Serrano—Valley 500 kV transmission line.

Construction of new 115 kV subtransmission lines and modifications to existing 115 kV
subtransmission lines to transfer five existing 115/12 kV distribution substations (lvyglen, Fogarty,
Elsinore, Skylark, and Newcomb) presenthycurrently served by the Valley South 115 kV System to the
Alberhill 115 kV Systemsystem.

Installation of telecommunications improvements to connect the new facilities to SCE’s
telecommunications network.

Figure 4-1 presents an overview of the project layout and schematic.
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Figure 4-1. Alberhill System Project and Resulting Valley North and South Systems:

4.3.2 System Performance under Normal Conditions (N-0)

Findings from the system analysis under N-O conditions are presented in Table 4-8 for the Effective PV
Forecast, Table 4-9 for the Spatial Base Forecast, and Table 4-10 for the PVWatts Forecast.
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Table 4-8. Alberhill N-0 System Performance (Effective PV Forecast)

EENS CAID! Losses
Year
(MWh) (hr} (MWh)

2022 0 0 40,621
2028 0 0 0 42,671
2033 0 0 0 44,380
2038 0 o 46,089
2043 0 \tr\ 47,797

—

W 3 1.9 0.021 0.010 2 2 w

Year Losses
(MWh) (MWh)

2022 0 0 40,621
2028 0 0 0 42,671
2033 0 0 0 44,380
2038 0 0 0 46,089
2043 0 0 0 47,797
2048 3 2 2 49,506

Table 4-9. Alberhill N-0 System Performance (Spatial Base Forecast)

EENS CAIDI | Losses
ear
(MW’h} (M {hr, (MWh)

2021 0 40,954.00
2022 0 0 w 0 // 0 0 41,590.29
2028 0 0 0 \\/‘ﬁ 0 0 43,417.04
2033 0 0 /D/ . OKR 0 0 44,939.32
2038 1 . /1/ 0.004 0.002 \ 0 46,461.61

-
— / 8 0582 0.097 6 TTe 4798389
93

2048 - 14 5.141 0321 10 16 4950618

Year Losses
(MWh) (Mwh)

2021 40,954
2022 0 0 0 41,590
2028 0 0 0 43,417
CONFIDENTIAL/PROPRIETARY © 206192021 QUANTA TECHNOLOGY, LLC G-2, Page 247




QUANTA
C\b TECHNOLOGY

2033
2038
2043
2048

Table 4-10. Alberhill N-0 System Performance (PVWatts Forecast)

Year SAIDI PFD | cAIDI Losses
(hr) (hr} (hr) (MWh)
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0 0 0 44,939
1 1 1 46,462
28 8 6 47,984
93 14 10 49,506

2022 40,621
2028 42,671
2033 42,310
2038 43,725
2043 45,140
2048 465
CEAEE
(MWh) (MWh)
2022 0 0 40,621
2028 0 0 0 42,671
2033 0 0 0 42,310
2038 0 0 0 43,725
2043 0 0 0 45,140
2048 0 0 0 46,555
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4.3.3 System Performance under Normal Conditions (N-1)

Findings from the system analysis under N-1 conditions are presented in Table 4-11 for the Effective PV
Forecast, Table 4-12 for the Spatial Base Forecast, and Table 4-13 for the PVWatts Forecast.

Table 4-11. Alberhill N-1 System Performance (Effective PV Forecast)

EENS
(MWwh)
\

Deficit | Deficit Deficit
Flex-1 Flex-2-1 Flex-2-2

2022 0 0 0
2028 0 0 0

2033 0 0 0

2038 21 8 071

2043 /f{ 234

/z( 9.06

Deficit Deficit Deficit
Year Flex-1 Flex-2-1 Flex-2-2

(MWh) (MWh) (MWh)
2022 0 0 22,815 1163 0
2028 0 0 49,088 1516 0
2033 0 0 70,982 1947 0
2038 21 8 4 92,876 2452 0
2043 84 17 8 114,770 2954 1
2048 202 24 14 136,664 3345 4

Table 4-12. Alberhill N-1 System Performance (Spatial Base Forecast)

Deficit Deficit Deficit
Year Flex-1 Flex-2-1 Flex-2-2

(MWh)

2001 o 0 0 5
2022 0 0 0 0 0
2028 0 0 0 0/ 0
2033 33 11 042 0.8 5

15
34
56

2038 163 2 63 041

2043 530 3 4527 135
2048 1,080 43 15200  2.69

LAR Deficit Deficit Deficit
Year MWh Flex-1 Flex-2-1 Flex-2-2
( ) (MWh) (MWh) (MWh)
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2021 0 0 22,815 1,229 -
2022 0 0 31,087 1,363 =
2028 0 0 80,717 1,999 =
2033 33 11 5 122,076 2,593 =
2038 163 22 12 163,435 3,249 3
2043 530 34 6 204,794 3,896 11
2048 1,080 43 43 246,153 4,494 27

Table 4-13. Alberhill N-1 System Performance (PVWatts Forecast)

Deficit Deficit

Year Flex-2-1 Fiex-2-2

(MWh)
2022 0 0 0
2028 0 0 0
2033 0 0 0

2038 o0 0 0
2043 7 / 0.03 0.02 2 0 13,876 0 2

2048 30 10 0.38 0.08 5 0 15,352 N 5

LAR Deficit Deficit Deficit
Year (MWh) Flex-1 Flex-2-1 Flex-2-2
(MWh) (MWh) (MWh)

2022 0 0 0 22,815 1,163 0
2028 0 0 0 28,718 1,516 0
2033 0 0 0 33,638 1,526 0
2038 0 0 0 38,557 1,899 0
2043 7 4 2 43,476 2,272 0
2048 30 10 5 48,395 2,559 0

In analyzing the ASP, the following constraints (Table 4-14) were found to be binding under N-0 and N-1
conditions. These are the key elements that contribute to the EENSLAR among other reliability metrics
under study (reported from need year and beyond).

In Table 4-14, only thermal violations associated with each constraint are reported.
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Table 4-14. List of ASP Project Thermal Constraints

Overloaded Spatial Base Effective PV

Outage Category | Outage Definition

Element Year of Overload
Alberhill-Fogarty N-0 N/A (base case) 2038 2046 -
Auld — Moraga #1 N-0 N/A (base case) 2048
valley E.FG —Sun N-0 N/A (base case) 2048

City
Alberhill-Fogarty N-1 Alberhill-Skylark 2033 2038 2043
Alberhill-Skylark N-1 Alberhill-Fogarty 2038 2043 -
Auld-Moraga #1 N-1 valley EFG- 2038 2048 ;
Newcomb-Tenaja
Alberhill-
Alberhill-Fogarty N-1 Newcomb-Valley 2048 - -
EFG

4.3.4 Evaluation of Benefits

The established performance metrics were compared between the baseline and the ASP to quantify the
overall benefits accrued over a 30-year study horizon. The benefits are quantified as the difference
between the baseline and the ASP for each of the metrics.

The eumutativevatueaccumulative values of benefits aceumulated-over the 30-year horizon are presented
in Table 4-15 belew-for alithe three forecasts.
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Table 4-15. Cumulative Benefits — Alberhill System Project

Cumulative Benefits over
30-year horizon (until 2048)

PVWatts Forecast

Cumulative Benefits over
30-year horizon (until 2048)

Effective PV Forecast

Cumulative Benefits ove
30-year horizon
(until 2048)
Spatial Base Forecast

N0 Losses (MWh) . 275,699.00 277,608.08_~ 362,675.60
N-1 EENS (MWh) TS 628190 20,649:30 66,741.95
N-1 IP (MW) “428.40 60115 953.65
N-1 SAIDI (hr) 584.15-_ 7 13m27 10,083.74
N-1 SAIF] 1024 16.27 4865
N-1 PED (hr) 130000 1,907.00 3,276.50
N-1 Flex-1 (MWh) 515,204,08 TN 77738652 1,410,772.49
N-1 Flex-2-1 (MWh) 5,287,485.78 5,426,238.65 5,837,736.21
N-1 Flex-2-2 (MWh) ~2,365,56184 2,872,775.50 3,799,083.71
N0 EENS(MWh) _~  22,750.50 56,574.70 140,565.53
N0 P (M)~ 2,713.40 405260 6,°212.65
N0 SAIDI () 445.38 3,267.57 TN 14,793.79
N-0 SAIF 16.61 60.20 14870
NO_~  PFD(hr) 410.50 811.00 1,558.87._

Category

Component

Cumulative Benefits
over 30-year Horizon
(until 2048)

PVWatts Forecast

Cumulative Benefits
over 30-year Horizon
(until 2048)

Effective PV Forecast

Cumulative Benefits
over 30-year Horizon
(until 2048)

Spatial Base Forecast

N-0 Losses (MWh) 275,699 277,608 362,676
N-1 LAR (MWh) 6,282 20,339 66,742
N-1 IP (MW) 428 601 954
N-1 PFD (hr) 1,300 1,907 3,277
N-1 Flex-1 LAR (MWh) 3,901,429 5,688,618 23,517,096
N-1 Flex-2-1 LAR (MWh) 3,657,700 3,779,849 4,101,527
N-1 Flex-2-2 LAR (MWh) 87,801 106,937 141,992
N-0 LAR (MWh) 22,751 56,575 140,566
N-0 IP (MW) 2,713 4,053 6,213
N-0 PFD (hr) 411 811 1,559

The analysis demonstrates the range of benefits accrued over the near-term and long-term
herizenhorizons by the ASP. The robustness of the project is justified through benefits accrued across all
forecast sensitivities. The results for each category of benefits demonstrate the merits of the ASP to
complement the increasing reliability, capacity, flexibility, and resilieneyresilience needs in the Valley
South service area.
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5 Key Highlights of System Performance

The key highlights of system performance are as follows:

With the ASP in service, overloading on the Valley South System transformers is avoided over the
study horizon. This trend is observable across all considered forecasts. EENS-ef-3 MWh of LAR is
recorded under N-0 condition (Effective PV Forecast) in the year 2048 due to an observed overload of
the Alberhill—Fogarty 115 kV line. Across all sensitivities, the benefits range between 22.7 teand 140.5
GWh of avoided EENSLAR.

Considerable reduction in N-1 overloads areis observed in the near-term and long-term horizons for
all forecasts. With the ASP in service, the N-1 EENS-benefits in the system range from 6.2 to 66.7 GWh
through all forecasts. In the Effective PV Forecast by the year 2038, overloads due to N-1 events are
observed on the Alberhill—Fogarty 115 kV line, the Alberhill—Skylark 115 kV line, and the Auld—
Moraga 115 kV line.

The project provides significant flexibility to address planned, unplanned, andor emergency outages
throughout the system while also providing significant benefits to address needs under high-impact;
low-prebabiity{HILP} events that occur in the Valley South System. The ASP addresses the full range
of flexibility needs identified by the baseline system across all forecast sensitivities.

Following a HILP event, the ASP is-able-tecan recover approximately 400 MW of load in Valley South
leveraging capabilities of its system tie-lines.

Overall, the ASP demonstrated robustness to address the needs identified in the Valley South System
service territory. The project design offers several advantages that can also overcome the variability
and uncertainty associated with the load wneertainties:forecast. The available flexibility through
system tie-lines prevideprovides relief to system operations under N-1, N-2, and HILP events that
affect the region.
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5 SCREENING AND RELIABILITY ASSESSMENT OF ALTERNATIVES

5.1 Introduction

The objective of this analysis is to identityidentify and screen potential alternatives that meet the project
objectives detailed in Section 1.2. Each of these alternatives areis evaluated using the criteria established
in Section 3.2.4.

The considered alternatives are evaluated for their capability to address system capacity and reliability
needs. The alternatives are categorized as Minimal Investment Alternatives, Conventional, Non-Wire
Alternatives (NWAY}), and Hybrid solutions.

Minimal Investment Alternatives can also be referred to as a “do nothing” scenario in which no large
project is implemented to address the needs of the system. These include spare equipment investments,
re-rating or equipment upgrades, component hardening, vegetation management, undergrounding T&D,
reinforcement of poles and towers, and emergency operations like load shedding relays. Conventional
solutions include alternative substation or transmission line configurations. N\WA’sNWAs include energy
storage, demand response, energy efficiency programs, distributed—energy—resourcesDERs, and other
smart grid investments like smart meters. Hybrid solutions are a combination of Conventional and Ner-
Wire-Alternatives:NWAs.

The solution alternatives are organized into four primary categories, as outlined in Figure 5-1.

* Re-rating or equipment upgrades and substation

* Load Shedding Relays Iti)rl:ielg-tc(;ur::ig:gotrii?\-g

systems

e Spare equipment investments w ( ® Transmission line

1. Minimal & 2. Conventional J
VEstmEnt Alternatives
Alternatives
3. Non-Wire 4. Hybrid
( Alternatives Alternatives ~N

* Energy storage
e Demand response 1,2,and 3
¢ Energy efficiency programs

e Local generation like DER

\ gl ,

| Figure 5-1. Categorization of considered-alternatives.Considered Alternatives

e Combinations of
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| The highlights of the procedure used to identify potential alternative projects are presented-as follows::

| e Use reliability analysis results with no project in service and available reports detailing the layout of
the Valley South System to establish Minimum Investment Alternatives to mitigate and meet the
objectives.

e Anexhaustive search (brute force) approach was used to establish system tie-lines between the Valley
South System and neighboring systems. Tie-lines performance werewas evaluated under the most
constraining conditions identified from the “Ne—Rrejeetno project” scenario results. Figure 5-2
proevides-a-deseription-efdescribes the Valley South System relative to neighboring electrical systems.

o Seek guidance from the EENSLAR metrics to provide the viability of alternatives. For example, the
identified MWh need is significanthy-large and predominantly occurs during off-peak hours of the day
thatwhen PV-DER type solutions might not be available.

(o Y

Jl City of Riverside Muni |

e
Mira Loma 66 kV
: Valley North 115 kv

£
o,

4,
"9

Anza Coop
Valley South 115 kv ! Service Territory |

= 5 X TR
-

—_— - : 2.
e r - ]
-~ o = i o

~20 miles

San Diego Gas & Electric Territory

= i l. 76§ ‘\\
Figure 5-2. Valley System and neighbering-electrical-systemsNeighboring Electrical Systems
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5.2  Project Screening and Selection

The initial screening process resulted in a total of 17 alternatives. These included all categories of options
outlined in Figure 5-1. The 17 alternatives were preliminarily screened through a fatal flaw analysis driven
by the overall project objectives. Through this process, four alternatives were dropped from further
consideration. The dropped alternatives included 1-) utilization of spare transformer for the Valley South
System, 2-) upgrading transformer ratings, 3-) investing in load shedding relays, and 4-) installation of two
additional 500/115kV transformer banks. Upon further inspection and analysis, these four alternatives
were determined to not satisfy all project objective needs or were not feasible from an implementation
or constructability perspective.

The final list of 13 alternatives included a combination of conventional, non-wire, and hybrid solutions.

These alternatives are presented below. Further details pertinentpertaining to the scope, design, and

project performance are described in the upcoming sections—efthis—chapter-. Note that the ASP and

project alternatives are identified using an alphabetic character, A through M, which is used throughout
| this report to refer to each alternative.

Conventional Alternatives

The considered conventional transmission alternatives are detailed below.

Alberhill System Project

San Diego Gas & Electric Project
SCE Orange County Project
Menifee Project

Mira Loma Project

Valley South to Valley North Project

G mMmmMmoOwP>

Valley South to Valley North to Vista Project

Non-Wire Alternatives

The following non-wire alternatives have been considered:

H. Centralized BESS in Valley South Project

Hybrid Solutions

The following hybrid solutions that involve a combination of conventional and hybrid solutions have
been considered in this analysis:

Valley South to Valley North and Distributed BESS in Valley South Project
San Diego Gas & Electric and Centralized BESS in Valley South (Alternatives B + H)
Mira Loma and Centralized BESS in Valley South (Alternatives E + H)

Valley South to Valley North and Centralized BESS in Valley South and Valley North
(Alternatives F + H)

M. Valley South to Valley North to Vista and Centralized BESS in Valley South (Alternatives G + H)
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5.3 Detailed Project Analysis

In the detailed project analysis, the reliability assessment framework was applied to all 13 considered
alternatives. The performance and benefits of each alternative were computed in comparison to the
baseline scenario (i.e., no project in service) following the methodology detailed in Section 3.2. The results
of the baseline scenario are presented in Section 4.2 and the ASP (Alternative A) in Section 4.3. The
performance of each alternative is presented for the range of load forecast sensitivities (PVWatts,
Effective PV, and Spatial Base).

5.3.1 San Diego Gas & Electric (Project B)

The original premise for this project is to construct a new 230/115 kV substation that provides power
byvia the San Diego Gas & Electric Systemsystem and to transfer some of SCE’s distribution substations to
this new 230/115 kV system. This project has been evaluated under the need year®; 2021/2022
(depending on the need year from forecast used for the study), 2028, 2033, 2038, 2043, and 2048. Each
of the reliability metrics established byin Section 3.2.4 havehas been calculated using the study
methodology outlined byin Section 3.2.3.

5.3.1.1 Description of Project Solution

The proposed project would transfer SCE’s Pechanga and Pauba 115/12 kV distribution substations to a

new 230/115 kV transmission substation provided service from the SDG&E electric system. The proposed

project would include the following components:

Point

1. The point of interconnection would be a new 230/115 kV substation between the SCE-owned
Pechanga Substation and SDG&E-owned Talega-Escondido 230 kV transmission line to the south. Two
230/115 kV transformers (one load-serving and one spare).

2. New double-circuit 230 kV transmission line looping the new substation into SDG&E’s Talega-
Escondido 230 kV transmission line.

3. New 115 kV line construction to allow the transfer of Pechanga and Pauba Substations from Valley
South to new 230/115 kV substation.

4. Create system tie-lines between the new 230/115 kV system and the Valley South System through
normally-open circuit breakers at SCE’s Triton and Moraga Substations to provide operational
flexibility and to accommodate potential future additional load transfers.

5. Rebuild of existing Pechanga Substation and/or expansion of existing property at Pechanga Substation
to accommodate required new 115 kV switch rack positions.

Figure 5-3 presents a high-level representation of the proposed configuration.
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Figure 5-3. SDG&E Project Scope

5.3.1.2 System Performance under Normal eenditionsConditions (N-0)

Findings from the system analysis under N-O conditions are presented in Table 5-1 for the Effective PV
Forecast, Table 5-2 for the Spatial Base Forecast, and Table 5-3 for the PVWatts Forecast.

Table 5-1. SDG&E N-0 System Performance (Effective PV Forecast)

EENS P SAIDI PFD CAID! Losses
Year
(MWh) | (MW) (hr) (hr) (hr) (MWh)
2022 0 0 0 o _—o

0 44,182

2028 0 0 0 0 0 46,553

2033 0 0 0 0 48,529

2038 0 0.000 0.000 0 50,505

2043 0.284 0.071 52,481

2 244 63 1.482 0.212 7 7 457
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Year Losses
(MWh) (MWh)

2022 0 0 44,182
2028 0 0 0 46,553
2033 0 0 0 48,529
2038 0 0 0 50,505
2043 82 31 4 52,481
2048 244 63 7 54,457

Table 5-2. SDG&E N-0 System Performance (Spatial Base Forecast)

2022
2028
2033
2038
2043
2

Y EENS
! (Mwm (MW) (hr} (hr)
0

CAIDI

Losses
(MWh)

44,182.40

0 \ /D/ 0 0 44,715.01

0 0 0 46,963.17

0 0 / \\\0 0 48,836.64
199 A 1.040 0.173 6\ 0 50,710.11
112 6.832 0.569 12 N 52,583.58

1,499 152 36.481 1.303 28 28 m

Year Losses
(MWh) (MwWh)

2021 0 0 44,182
2022 0 0 0 44,715
2028 0 0 0 46,963
2033 0 0 0 48,837
2038 199 56 6 50,710
2043 655 112 12 52,584
2048 1,499 152 28 54,457
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Table 5-3. SDG&E N-0 System Performance (PVWatts Forecast)

EENS CAIDI lneses
(MWh) (hr) (MWh)

44,182

2028 0 0 \tr\_ / 0 0 46,553
2033 0 o \o\ 0 0 45,310
2038 0 /n/ 0 0 -\G\_H 0 46,470
2043 /9/ 0 0 0 0 \ 47,630

2048 R 3 0.003 0.003 1 1 M
EEAEE

(MWh) (MWh)
2022 0 0 44,182
2028 0 0 0 46,553
2033 0 0 0 45,310
2038 0 0 0 46,470
2043 0 0 0 47,630
2048 3 3 1 48,791

5.3.1.3 System Performance under Normal Conditions (N-1)

Findings from the system analysis under N-1 conditions are presented in Table 5-4 for the Effective PV
Forecast, Table 5-5 for the Spatial Base Forecast, and Table 5-6 for the PVWatts Forecast.

Table 5-4. SDG&E N-1 System Performance (Effective PV Forecast)

Deficit Deficit Deficit
Year Flex-1 Flex-2-1 Fiex-2-2
(MWh) (MWh) (MWh)
"‘m.“‘ o
2022 0 0 0 \ 0

-
1,68 57,104 12,006 0

2028 0 0 8,859 63,631 17,792 0
2033 0 \I‘EK 70,782 25,448 0
2038 0 20,824 \s,sg 35,134 0
2043 0 26,806 85,866 Nmz 0

2048 0 o0 0 0 0 32,789 91,166 sa,ﬁ\x 0

LAR Deficit Deficit Deficit
Year T Flex-1 Flex-2-1 Flex-2-2
( ) (MWh) (MWh) (MWh)
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20,830
52,762
79,372
105,982
132,591

o O o o o o
O O o o o o

159,201

15,152
17,895
21,123
24,949
28,757
31,740

431

639

932
1,282
1,672
1,990

Table 5-5. SDG&E N-1 System Performance (Spatial Base Forecast)

Deficit

Flex-2-1

98,133

Deficit
Fiex-2-2
(MWh)

2043 30 515
2048 96 105,137 79’230\“‘*& 24
Deficit Deficit Deficit
Year Flex-1 Flex-2-1 Flex-2-2
(MwWh) (Mwh) (Mwh)
2021 0 0 0 20,830 15,677 468
2022 0 0 0 40,890 16,727 545
2028 0 0 0 161,248 21,517 958
2033 0 0 0 261,546 26,018 1,380
2038 0 0 0 361,845 31,008 1,889
2043 30 7 4 462,143 35,874 2,413
2048 196 18 8 562,442 40,207 2,937
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EENS Deficit Deficit Deficit
Year Flex-1 Flex-2-1 Flex-2-2
(MWh) (Mwh) | (Mwh) (MWh)
0 0 0o ~eo_ o

2022
2028 0
2033 0
2038 0
2043

2048 0

2022
2028
2033
2038
2043
2048

0
—

o O O o o o
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1,680 57,104 12,006 0
T

0 63,631 17,792 0

0 /o/ 0 ; 63,808 17,964 0

. LAR
ear
(MWh)

o O O o o o

0 0 13,100 \r&ug 24,567 0
0 0 16660 75927 31653 0

0 0 20,238 80,218 37'223x'“x\ 0
Deficit Deficit Deficit
Flex-1 Flex-2-1 Flex-2-2
(MWh) (MWh) (MWh)
0 20,830 15,152 428
0 36,859 17,895 636
0 50,217 17,467 605
0 63,575 20,763 896
0 76,933 23,589 1,146
0 90,291 25,756 1,352

In analyzing the SDG&E project, the following constraints (Table 5-7) were found to be binding under N-0

and N-1 conditions. These are the key elements that contribute to the EENSLAR among other reliability

metrics under study (reported from need year and beyond).

In Table 5-7, only thermal violations associated with each constraint are reported.
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Table 5-7. List of SDG&E Project Thermal Constraints

Overloaded Spatial Base Effective PV
Outage Category | Outage Definition
Element Year of Overload

Valley South N-O N/A (basecase}-base 5034 2040 2048
Transformer case)

Valley EFG-Tap 39 N-1 Nexsg;ybi&ark 2048 - -
Tap 39-Elsinore N-1 Nexigzbify;ark 2043 ) )
Moragl'lTap 150 N-1 Skylark-Tenaja 2048 - -
Skylark-Tap 22 N-1 El::c')':"fg:arty 2043 ; -

Valley EFG-Tap 22 N-1 VS!;VC(E;Gb' 2043 - -

5.3.1.4 Evaluation of Benefits

The established performance metrics were compared between the baseline and the SDG&E Project to
qguantify the overall benefits accrued over a 30-year study horizon. The benefits are quantified as the
difference between baseline and SDG&E for each of the metrics.

The eumutative-valieaccumulative values of benefits aceumutated-over the 30-year horizon are presented
in Table 5-8 belew-for alithe three forecasts.
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Table 5-8. Cumulative Benefits — San Diego Gas & Electric

Category Component

N-0 Losses (MWh)

N-1 EENS {Mwi\ﬁ\.\
N-1 IP (MW)

N-1 SAIDI (hr)

N-1 SAIFI

N-1 PFD (hr)

N-1 Flex-1 (MWh)
N1 Flex-2-1(MWh)
N1 Flex-22 (Mwh]

N-O0 EEWW?‘U

N-0 // IP (MW)

/Nco/ SAIDI (hr)
=
- NO SAIFI
N-0 PFD (hr)

Category

Component

N-0 Losses (MWh)
N-1 LAR (MWh)
N-1 IP (MW)
N-1 PFD (hr)
N-1 Flex-1 (MWh)
N-1 Flex-2-1 (MWh)
N-1 Flex-2-2 (MWh)
N-0 LAR (MWh)
N-0 IP (MW)
N-0 PFD (hr)

Cumulative Benefits

over

30-year horizon (until

2048)
PVWatts Forecast

200,878.85

6,374.80

1,320.00/ \ 1,999.00

29{72.17
3,750,849.98
1,747,226.49

22,747.50

2,710.40
445.38
16.61
409.50

Cumulative Benefits
over 30-year horizon

(until 2048)
PVWatts Forecast

200,879
6,375
467
1,320
3,362,638
3,167,267
65,442
22,748
2,710
410

Cumulative Benefits

30-year horizon

Cumulative Benefits
over over
30-year horizon (untii
(until 2048) 2048)

Effective PV Spatial Base Forecast

214,200.02 /49,115.75
2168380 7268755
780,05 : 1,320.75
379.19 10,716.14

18.89 64.67

3,431.50

312,015.50 579,269.57

3,975,283.83

3,735,45&?93\
-~

2,043,804.58 . 2,581,138.88

55,563.10 -\‘133,226.50

3,725.50 4,9?:90\

3,262.81 14,661.31 \
59.33 142.42
775.00 1,443.50

Cumulative Benefits
over 30-year horizon

Cumulative Benefits
over 30-year horizon

(until 2048) (until 2048)
Effective PV Forecast Spatial Base Forecast
214,200 249,117
21,684 72,688
780 1,321
1,999 3,432
5,411,173 19,116,843
3,217,646 3,402,545
76,509 97,230
55,563 132,227
3,726 4,978
775 1,444

The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by
the SDG&E Project. In particular, the range of benefits areis substantial in the N-1 category. However, it is
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observed that the solution does not completely address the N-0 overload condition on the Valley South
System transformers. The project also provides overall loss reduction primarily because it displaces loads
at the southern border of the Valley South System service territory, thereby reducing the need for power

| to travel a longer distaneesdistance from the source to delivery. Also, the flexibility benefits offered by
the solution are limited in comparison to the ASP.

5.3.1.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

1. With the project in service, overloading on the Valley South System transformers is avoided only in
the near- and mid-term horizon. This trend is observable across all forecast sensitivities. Under N-0,
EENS-9£240 MWh of LAR is recorded in the Effective PV ferecastForecast for 2048 and 1,500 MWh
under the Spatial Base Forecast. Across all sensitivities, the benefits range from 22.7 to 132.2 GWh of
avoided EENS-LAR.

2. With the SDG&E Project in service, the N-1 EENS-benefits in the system range from 6.3 to 72.6 GWh
through all forecasts. The design of the SDG&E Project displaces two relatively large load centers
located at the southern border of the Valley South System. By the nature of radial networks, all flows
were originally moving in the direction of these loads. With load transfer and circuit reconfiguration,
significant benefits are gained under N-1 outage conditions in the Valley South System. In the Spatial
Base fereeastForecast, by the year 2043, overloads due to N-1 events are observed in the system.

3. The project provides considerable flexibility to address planned, unplanned, or emergency outages in
the system while also providing benefits to address needs under high-impacttow-prebabiity{the
HILP} events that occur in the Valley South System. However, these benefits are not as significant in
comparison to the ASP.

4. Following a HILP event, the SDG&E Project is-able-tecan recover approximately 280 MW of load from
the Valley South System, beyond the permanent transfers leveraging capabilities of its tie-lines.

5. Overall, SDG&E did not demonstrate comparable levels of performance to ASP in addressing the

needs identified in the Valley South System service territory. The project design offers several

| advantages that are mostly realized in the near-term horizon and under the lower range of forecast
sensitivities.

5.3.2 SCE Orange County (Project C)

The SCE Orange County Project was evaluated under the need year?®; 2021/2022 (depending on the need
year from the forecast used for the study), 2028, 2033, 2038, 2043, and 2048. Each of the reliability
metrics established byin Section 3.2.4 havehas been calculated using the study methodology outlined byin
Section 3.2.3.

5.3.2.1 Description of Project Solution

The proposed project would include the following components:
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1. The point of interconnection is a new substation with 220/115 kV transformation, southwest of SCE’s
Tenaja and Stadler Substations in the Valley South System.

2. Looping the San Onofre—Viejo 220 kV line ia-to the new 220/115 kV substation. This configuration
would include the construction of the new 230 kV double-circuit transmission line.

3. The proposed solution would transfer SCE’s Tenaja and Stadler 115/12 kV SubstatienSubstations to
the new 220/115 kV system through the construction of new 115 kV lines.

4. Normally-open circuit breakers at Skylark and Stadler Substations would create system tie-lines
providing operational flexibility to accommodate future load transfers.

Figure 5-4 presents a high-level representation of the proposed configuration.
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| Figure 5-4. SCE Orange County Project Scope
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Findings from the system analysis under N-O conditions are presented in Table 5-9 for the Effective PV
Forecast, Table 5-10 for the Spatial Base Forecast, and Table 5-11 for the PVWatts Forecast.

Table 5-9. SCE Orange County N-0 System Performance (Effective PV Forecast)

i

SCE
Orange
County

\
;-

\

g 2028 0 \0 / 0 0
‘;,‘: 2033 0 0 /ﬂa\ 0
§ 2038 /I( 0.000 0
5

65 3.588 0.256 7

(o]
w
(%]

2022 0 0
2028 0 0 0
2033 0 0 0
2038 0 0 0
2043 72 31 4
2048 232 65 7

Veor CAIDI Losses
(hr) (hr) (MWh)

31 0.639 0.080 \1\

43,189
0 45,593
0 47,596
0 49,599
8 51,602

\n\_. 53,605

Year Losses
(MWh) (MWh)

43,189
45,593
47,596
49,599
51,602
53,605

Table 5-10. SCE Orange County N-0 System Performance (Spatial Base Forecast)

CAIDI Losses

(hr) {MWh)

2021 43,573.71
> 2022 hﬂ 0 = //D 0 44,329.83
g 2028 0 0 0 41,444.40
[+1]
E’ 2033 2 0 0 45,671.60
o
g 2038 183 55 1.013 0.203 K 5 49,898.80
@ }3/ 536 111 6.523 0.593 11 \’Nmzagg
-~ 2048 1,426 159 42,554 1.576 27 27 —
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Year Losses
(MWh) (MWh)

2021 0 0 43,574

2022 0 0 0 44,330

s 2028 0 0 0 41,444
Orange 2033 0 0 0 45,672
County 5038 183 55 5 49,899
2043 536 111 11 54,126

2048 1,426 159 27 58,353

Table 5-11. SCE Orange County N-0 System Performance (PVWatts Forecast)

Year EENS CAID! Losses
(MWh) (hr) (MWh)

2022 43,189

by
€ 2028 0 0 \ﬂ\(/ 0 0 45,593
]
3 2033 0 0 \9\ 0 0 45,187
) — 4
| =4
g 2038 o % 0 0 \9\ 0 46,343
o] 2043 / 0 0 0 0 \9\ 48,500
wy T
,zms/ 0 0 0 0 0 0 50,156
Year Losses
MWh (MWh)
2022 0 0 43,189
2028 0 0 0 45,593
SCE 2033 0 0 0 45,187
Orange
County 2038 0 0 0 46,843
2043 0 0 0 48,500
2048 0 0 0 50,156
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5.3.2.3 System Performance under Normal Conditions (N-1)

Findings from the system analysis under N-1 conditions are presented in Table 5-12 for the Effective PV
Forecast, Table 5-13 for the Spatial Base Forecast, and Table 5-14 for the PVWatts Forecast.

3
o
o
&
=
©
S
o
s
O
@

Table 5-12. SCE Orange County N-1 System Performance (Effective PV Forecast)

Deficit | Deficit | Defidt
EENS L Flex-1 Flex-2-1 Flex-2-2
(Mwh) | (MW) (Mwh) | (Mwh) (MWh)
0 0 ﬁo\o 00

2022 i 0 /865/ 54,765 9,568 0
2028 125 2.5 0.06 a%><s/ 2,486 61,060 14,527 5
=

"\\
2033 353 33 ozz/nﬁa 2 \% 67,960 21,155 5
2038 1299 “_ 16 015 7 5,237 \sts 29,763 11
2043 3% 5.51 0.37 14 6,613 &,M 38,800 15

2%8//5782 36.3 16.98 0.68 28 7,989 87,813 4\6,21€K\ 25

LAR Deficit Deficit Deficit

(MWh) Flex-1 Flex-2-1 Flex-2-2

(mwh) | (Mwh) | (Mwn)

2022 0 0 0 5588 14,219 347

2028 13 3 5 156,480 16,791 522

SCE 2033 35 3 2 240,308 19,823 774
Orange

County 2038 130 14 7 324,136 23,407 1,085

2043 313 26 14 407,965 27,650 1,483

2048 578 36 28 491,793 29,833 1,714

Table 5-13. SCE Orange County N-1 System Performance (Spatial Base Forecast)

1 R Deficit | Deficit Deficit
Year EEN pars Flex-1 Flex-2-1 Flex-2-2
(MWh) (hr) (Mwh) | (Mwh) | (Mwh)
S 3

5 2o 0 0 2 %4 56008 10,473 2

€ 2022 10 3 0 i) ~ 1506 58,427 12,328 a

3 |

S 2028 33 5 0 o a4 s 68,769 22,013

m -’

22033 v | 2T o 8 7,143 77,581 32,256 13

§ 238 4w 3 1 1 2 9,706 8360 44365 2

B 2083 10 46 w13 ¥ 12,268 %, Ts7027 35
2048 2275 74 14610 263 56 14,831 101,550 69,422 ~~_ 56

Year LAR Deficit Deficit Deficit
(MWh) Flex-1 Flex-2-1 | Flex-2-2
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2021
2022
2028
2033
2038
2043
2048

10
38
176
497
1,179
2,275
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3
5
17
32
46
74

2
2
4
8
24
37
56

55,886
99,498
361,174
579,237
797,300
1,015,363
1,233,426

14,711
15,692
20,192
24,412
29,138
33,790
37,969

375

438

798
1,169
1,633
2,108
2,570

Table 5-14. SCE Orange County N-1 System Performance (PVWatts Forecast)

/

EENS
Year
(MWh)
2022 0
e
s 2028 125
(=]
© 2033 15
z
g 2038 316
§ 2043 94/ 9.9

2048 159 1

SCE
Orange
County

16

2022
2028
2033
2038
2043
2048

024
1.30
2.18

13
15
32
95
159

0.03
0.10
0.18

Y

0
3
3
3

10
16

0.05 001 >.5(
OVD/

21
23

10
21
23

Deficit

Flex-1

(MWh)

es

2,486

3,262
4,021
4,779

Deficit
Flex-1
(MWh)
63,777
103,236
142,695
182,154
221,613
261,072

Deficit
Flex-2-1
{MWh)
54,765
61,060

61,231

e

72,923
77,088

Deficit
Flex-2-1
(MWh)
14,219
16,791
16,863
19,485
22,133
24,165

9,568
14,527

14,673

20,377

\\2@24

Deficit
Flex-2-2
(MWh)
344
519
523
735
968
1,146

12

31,542\,“ 12

In analyzing the SCE Orange County Project, the following constraints (Table 5-15) were found to be
binding under N--0 and N-1 conditions. These are the key elements that contribute to the EENSLAR among
other reliability metrics under study (reported from need year and beyond).

In Table 5-15, only thermal violations associated with each constraint are reported.
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Table 5-15. List of SCE Orange County Project Thermal Constraints

Outage Spatial Base Effective PV
Overloaded Element Outage Definition
Category Year of Overload

Valley South Transformer N/A (base case) 2034 2040 -
Auld-Moraga #2 N-1 Auld-Moraga #1 2043 - -
Auld-Moraga #1 N-1 Auld-Moraga #2 2033 2038 2048
Valley EFG-Triton N-1 Moraga-Pechanga 2043 - -

Valley EFG-Sun City N-1 Valley EFG -Auld #1 2043 - -
Valley EFG-Auld #1 N-1 Valley EFG -Sun City 2048 - -
Valley EFG-Auld #1 N-1 Valley EFG -Auld #2 2043 - -
Valley EFG-Sun City N-1 Valley EFG -Auld #2 2043 - -
Auld-Moraga #1 N-1 Valley EFG - Triton 2043 2048 -
Moraga-Pechanga N-1 Valley EFG - Triton 2028 2033 2038

5.3.2.4 Evaluation of Benefits

The established performance metrics were compared between baseline and SCE Orange County Project
to quantify the overall benefits accrued over a 30-year study. The benefits are quantified as the difference
between the baseline and the ASP for each of the metrics.

The cumulative value of the benefits aceurmutated-over the 30-year horizon areis presented in Table 5-16
belew-for allthe three forecasts.
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Table 5-16. Cumulative Benefits — SCE Orange County

e Cumulative Benefits Cumulative Benefits Cur:ft‘llative 2
S e T 3$n u: O\:*er
30-year horizon 30-year horizon el
Category Component Y : y ; (until 2048)
(until 2048) (until 2048) z
foctt Spatiai Base
PVWatts Forecast Effective PV T

-
LOSSGS'[ 193,424.47 187,601.40 / 203,637.40
N-1 EENS {MWh) \ 5,163.50 17,52}20/ 57,040.45

N-1 IP (MW) \!36 50 A? 15 660.65
N-1 SAIDI (hr) 57\28\ / 1,291.03 9,973.44

N-1 SAIFI 9.13 >< 14.00 46.39
N-1 PED (hr) 105500 . 178500 2922550
N4 Flexl(MWh) 436349.40 \658,\231 80 1,189,234.45
N1 Flex2-1(MWh) / 3,824,376.05 386381770 4,062,666.89
N1 Flex2-2 (M¥h) 1,852,440.22 207250974 . 2,753,519
NO  EENS(MWh) 22,750.50 55,560.40 433,064.00
No_~ P (MW) 2,713.40 3,724.30 4,986:10
Ao SAIDI (hr) 445.38 3,253.98 1464432

" No SAIFI 16.61 59.09 141.29

N-0 PED (hr) 410.50 776.00 1,456.00

Cumulative Benefits over Cumulative Benefits over Cumulative Benefits over

30-year Horizon 30-year Horizon 30-year Horizon
LI Pl (until 2048) (until 2048) (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast
N-0 Losses (MWh) 193,424 187,601 203,637
N-1 LAR (MWh) 5,164 17,520 57,040
N-1 IP (MW) 337 447 661
N-1 PFD (hr) 1,055 1,785 2,923
N-1 Flex-1 (MWh) 583,840 447,937 9,232,289
N-1 Flex-2-1 (MWh) 3,200,515 3,255,754 3,449,007
N-1 Flex-2-2 (MWh) 69,270 81,316 103,655
N-0 LAR (MWh) 22,751 55,560 133,064
N-0 IP (MW) 2,713 3,724 4,986
N-0 PFD (hr) 411 776 1,456
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The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by
the SCE Orange County Project. In particular, the range of benefits areis substantial in the N-1 category
and tessloss reduction. The prejeetsproject's contribution to loss reduction is primarily because it
displaces loads at the southern border of the Valley South System service territory, thereby reducing the
need for power to traversetravel a longer distaneesdistance from the source to deliver-point of delivery.
Additionally, this project displaces loading on subtransmission lines with a significant contribution to
overall system losses (namely, Tap 22-—Skylark and Skylark-—Tenaja) in the Valley South System. However,
it is observed that the solution does not completely address the N-0 overload condition on the Valley
South System transformers. Also, the flexibility benefits offered by the solution are limited in comparison
to the ASP.

5.3.2.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

1. With the project in service, overloading on the Valley South System transformer is avoided only in the
near- and mid-term horizon. Under N-0, EENS-e£230 MWh of LAR is recorded in the Effective PV
foreeastForecast for 2048 and 1,400 MWh under Spatial Base Forecast for 2048. Across all
sensitivities, the benefits range betweenfrom 22.7 to 133 GWh of avoided EENSLAR.

2. Considerable reduction in N-1 overloads areis observed in the near-term and long-term horizons for
all forecasts. With SCE Orange County Project in service, the N-1 EENSLAR benefits in the system range
from 5.1 to 57 GWh through all forecasts.

3. The project provides reasonable flexibility to address planned, unplanned, or emergency outages in
the system while also providing benefits to address needs under high-impacttow-prebabilitythe HILP
events that occur in the Valley South System. However, these benefits are not as significant in
comparison to the ASP.

4. Under peak loading conditions, the SCE Orange County Project would be able to approximately serve
280 MW of load from Valley South, beyond the permanent transfers leveraging capabilities of its tie-
lines.

5. Overall, the SCE Orange County project did not demonstrate comparable levels of performance to ASP
in addressing the needs identified in the Valley South System service territory. The project design
offers several advantages that are mostly realized in the near- or mid-term horizon and under the
lower range of forecast sensitivities.

5.3.3 Menifee (Project D)

The Menifee Project would construct a new substation located approximately 0.5 miles west of Valley
Substation. SeepeThe scope would include 500/115 kV transformation and associated 500 and 115 kV
switch racks. Power would be supplied by looping in SCE’s existing Serrano-—Valley 500 kV line. SCE’s
existing Newcomb and Sun City distribution substations would be transferred to this new system providing
relief on the Valley South System transformers. The project has been evaluated under the need year®;
2021/2022 (depending on the need year from forecast used for the study), 2028, 2033, 2038, 2043, and
2048. Each of the reliability metrics established byin Section 3.2.4 havehas been calculated using the study
methodology outlined byin Section 3.2.3.
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5.3.3.1 Description of Project Solution

The proposed project would include the following components:

1. The point of interconnection would be a new substation with two 500/115 kV transformers (including
the spare) and associated facilities located approximately 0.5 miles west of Valley Substation. It would
be provided power by looping in SCE’s existing Serrano-—Valley 500 kV line.

2. The proposed solution would transfer the loads at Newcomb and Sun City Substations in the Valley
South System.

3. The 115 kV lines currently serving Newcomb and Sun City substations would be transferred to the
new system involving a combination of new 115 kV lines and circuit reconfiguration.

4. Createstwo system ties between the new system and the Valley South System through an open circuit
breaker at Sun City and Valley Substations to provide operational flexibility.

5. Reconductor existing Auld—Sun City 115 kV line which would become the Valley—Auld-—Sun City
115- kV line.

6. Reconductor approximately 7.7 miles of existing Auld—Moraga 115 kV line to 954 ACSR conductors.

Figure 5-5 presents a high-level representation of the proposed configuration.

Menifee

Ta Serranc Suhstation

Mew 500/115 Suhstation valley substation
|EFG Bus}

hepglen

i
Fogarty iy
Newcamb  p—— |

i

Elsinare J

Skylark

LEGEND
Transmission Substation

Distribution Substation Tenaja
Customer Substation
Existing 500 k'V Line
Poerw 500 KV Line

Exlsting 115 k¥ Line:

Mew 115 kY Line Stadler -

Recanductor 115 kV Ling
Faway Tap

SEREREN |

Marmally Open Circuit
O Breaker (systam-Tie}

Maraga

Schematic Representation. Not to scale.

Figure 5-5. Menifee project-scope-Project Scope
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5.3.3.2 System Performance under Normal eenditionsConditions (N-0)

Findings from the system analysis under N-O conditions are presented in Table 5-17 for the Effective PV
Forecast, Table 5-18 for the Spatial Base Forecast, and Table 5-19 for the PVWatts Forecast.

Table 5-17. Menifee N-0 System Performance (Effective PV Forecast)

Year CAID! Losses
{h r) (MWh)

0 0
2028 0 0 <
2033 0 0 0
2038 0 /e/

2043 /3/ 3 0.000 0.004
W 114 39 1.008 0.126

=]

Year Losses
(MWh) (MWh)

2022

2028 0
2033 0
2038 0
2043 3
2048 114 39

w O O o o

Table 5-18. Menifee N-0 System Performance (Spatial Base Forecast)

& B O O O O

48,898
51,308
53,316
55,324
57,332
59,341

48,898
51,308
53,316
55,324
57,332

s

Veur CAIDI Losses
(hr) {hr} (MWh)

2021 0
2022 0 0 \e\

2028 0 0 0 0
2033 0 o _— o 0

2038 73 ﬁ 0.482 0.080
2043 417 83 7.82 0.460

2048 985 130 34.775 1.087

o a&/O0 O O

0
0
0
6
1

32

Year LAR Losses
(MWh) (MWh)

49,287
50,035
53,305
56,030
58,754
61,479

'ﬁ;m
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2021 0 0 0 49,287
2022 0 0 0 50,035
2028 0 0 0 53,305
2033 0 0 0 56,030
2038 73 29 4 58,754
2043 417 83 8 61,479
2048 985 130 14 64,204

Table 5-19. Menifee N-0 System Performance (PVWatts Forecast)

Year CAIDI Losses
(ki) (MWh

2022 48,898
2028 .- 51,308
2033 50,553
2038 52,316
2043 54,079

/
2048 0 0 0 0 0 0 \sssss\

Year Losses
(MWh) (MWh)

2022 0 0 48,898
2028 0 0 0 51,308
2033 0 0 0 50,553
2038 0 0 0 52,316
2043 0 0 0 54,079
2048 0 0 0 55,855
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5.3.3.3 System Performance under Normal Conditions (N-1)

Findings from the system analysis under N-1 conditions are presented in Table 5-20 for the Effective PV
Forecast, Table 5-21 for the Spatial Base Forecast, and Table 5-22 for the PVWatts Forecast.

Table 5-20. SCE Menifee N-1 System Performance (Effective PV Forecast)

" Deficit | Defidt | Deficit |
Year EENS SAIEN Flex-1 Flex-2-1 Flex-2-2
(MWh) {hr) _ (MWh) (MWh) (MWh)
e -

2022 5 3 0.00 3,549 71,622 15,864 2
2028 64 14.7 0.57 0.07 >-</ 11,342 78,874 22,946 8
2033 196 28 4.09 /8‘22/ 19 17, 86,454 32,011 19
2038 617 38.1/25/38/ 0.66 39 23,898 RM 43,191 39
2043 1,408/41 90.83 146 65 30,194 101,475 \54.7\27 62
2048 //ﬂBD 87 213.16 2.49 92 36,649 106,662 64,235\\\-& 86
m Deficit Deficit Deficit
Year (MWh) Flex-1 Flex-2-1 Flex-2-2
(MWh) (MWh) (MWh)
2022 0 0 0 21,339 40,625 574
2028 0 0 0 54,051 46,206 848
2033 4 2 2 81,311 52,058 1,168
2038 103 14 19 108,570 58,178 1,596
2043 472 22 67 135,830 63,655 2,038
2048 1040 38 155 163,090 67,659 2,384

Table 5-21. Menifee N-1 System Performance (Spatial Base Forecast)

: Deficit | Deficit Deficit
Flex-1 Flex-2-1 Flex-2-2
(mwh) | vwh) | (mwnh)

2021 16 6 0 4, 7/ 73,084 17,164 4

2022 35 11 0 6,453 75,891 19,844 5
2028 226 28 6 0/ 23 \ls.g7 87,318 33,148 23
2033 789 42 36// 1 44 30,605\ 96,438 46,386 43
80// 176 2 86 41,583 105, 61,842 81
2= 78 557.37 4.54 129 52,562 113,47:\&]@ 123

145 34.77 1.09 178 63,540 120,333 93,441 X 32

Year LAR Deficit Deficit Deficit
(MWh) Flex-1 Flex-2-1 Flex-2-2
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2021 0 21,339 25,088 616
2022 0 0 0 54,465 26,706 715
2028 4 2 2 253,225 33,690 1,202
2033 156 18 22 418,858 39,569 1,710
2038 722 37 70 584,491 45,496 2,286

2043 1,968 56 163 750,124 50,845 2,902
2048 3,737 68 272 915,757 55,391 3,458

Table 5-22. Menifee N-1 System Performance (PVWatts Forecast)

i Deficit Deficit Deficit f
Year Flex-1 | Flex-2-1 | Flex-2-2 | caIDI
(MWh} (Mwh) | (MWh)

2022 5.8 0. 016 XODS 3 808 71,622 15,864 3
/
2028 57.9 14.5 0.423 &@(M 8 11,342 78,874 22,946 8
2033 61.1 15.1 0‘446/%56 \8\\ 732 79,065 23,155 8
2038 167.5 25.9 /2595 0.153 17 15,334 H\ss,g1 30,979 17
ey
2043 430.1 /35/5 11.513 0.396 30 18,936 91,6?7\3\9,179 29
2048 33.1 40.9 28.006 0.678 44 22,538 95,938 45,55?\‘55 41
Deficit Deficit Deficit
Year Flex-1 Flex-2-1 Flex-2-2
(MWh) (MWh) (MWh)
2022 0 0 21,339 24,267 571
2028 0 0 46,835 28,475 843
2033 0 0 68,082 28,590 850
2038 0.4 0.4 89,330 32,641 1,122
2043 47 10 11 110,577 36,471 1,426
2048 138 17 22 131,824 39,242 1,679

In analyzing the Menifee project, the following constraints (Table 5-23) were found to be binding under
N-0 and N-1 conditions. These are the key elements that contribute to the EENSLAR among other reliability
metrics under study (reported from need year and beyond).

In Table 5-23, only thermal violations associated with each constraint are reported.
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Table 5-23. List of Menifee Project Thermal Constraints

Overloaded Outage Outage Spatial Base | Effective PV PVWatts
Year of Overload

\\{;ﬂev South N-0 N/A (base case) 2036 2043 - / '
nsformer

Element Category Definition

Auld-Mo #1 N-0 N/A (base case) 2037 2045 /
=

galey E;‘;’Tap 39\\ N-0 N/A (base case) 2042 / =
Auld-Moraga #2 \x{ Auld-Moraga #1 2033 2038 2043
Auld-Moraga #1 N-1 Auld-Moraga #2 2021/ 2022 2022

Valley EFG-

Valley EFG-Tap 39 N-1 Newcemb-Skylark /@ 2048 -

Tap 39-Elsinore N-1 Valley EESs 2033 ZBE 2043
Newcomb-Skyla
Auld-Moraga #1 N-1 Skylark-Tenaja NOSS 2043 -
Morasa“-;raﬂ = N-1 / Skylark-Tenaja 2@ 2048 -
™~

Valley EFG-Elsinore-
Skylark-Tap 22 #1 N-1 Fogarty 2033 \2838\ 2043

- 2 \
Valley EFG?V{ N-1 Valley EEG Hilnote 2048 : \
Fogarty
el E;f it N-1 Moraga-Pechanga 2043 - \

b
ek Valley-Auld #3 N-1 Valley EFG-Auld #1 2048 - - S
Auld-Moraga #1 N-1 Valley EFG - Triton 2033 2043 -
Moraga-Pechanga N-1 Valley EFG - Triton 2028 2033 2038
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Spatial Base | Effective PV
Overloaded Element Outage OL.Jta.\g_e
Category Definition Year of Overload

Valley South Transformer N-0 N/A (base case) 2036 2043 -
Valley EFG-Tap 39 #1 N-0 N/A (base case) 2042 - -
Auld-Moraga #2 N-1 Auld-Moraga #1 2033 2038 2043
Valley EFG-
Valley EFG-Tap 39 N-1 T e 2043 2048 -
. Valley EFG-
Tap 39-Elsinore N-1 e Sk i 2033 2038 2043
Moraga-Tap 150 #1 N-1 Skylark-Tenaja 2043 2048 -
Skylark-Tap 22 #1 N-1 valley EFG- 2033 2038 2043
Elsinore-Fogarty
Valley EFG-
Valley EFG-Tap 22 N-1 [ e 2048 - -
. Moraga-
Valley EFG-Triton #1 N-1 2043 - -
Pechanga
Valley-Auld #3 N-1 el EEG'A“'“' 2048 ; -
Moraga-Pechanga N-1 Valley EFG - 2028 2033 2038
Triton

5.3.3.4 Evaluation of Benefits

The established performance metrics were compared between the baseline and the Menifee Project to
quantify the overall benefits accrued over a 30-year study horizon. The benefits are quantified as the
difference between the baseline and the ASP for each of the metrics.

The eumutativeaccumulative value of the benefits aceurmutated-over the 30-year horizon areis presented
in Table 5-24 belew-for alithe three forecasts.
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N-0 Losséhm]

N-1 EENS {MWh]\'\
N-1 IP (MW)

N-1 SAIDI (hr)

N-1 SAIFI

N-1 PFD (hr)

N-1 Flex-1 (MWh)

N1 Flex-2-1(MWh)
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Table 5-24. Cumulative Benefits — Menifee

Component

N-1 FIex-Z-Z/(M‘Vﬁ';]

N-0 ;EN?{MWM

N-'V T pMw)
o SAIDI (hr)

N-0

SAIFI

N-O0 PFD (hr)

Cumulative Benefits

over
30-year horizon

(until 2048)
PVWatts Forecast

41,267.70
600.25
-118.05

3,335,750.17
1,585,237.85
22,750.50
2,713.40
445.38
16.61
410.50

Cumulative Benefits over
30-year Horizon

Cumulative Benefits

over
30-year horizon

(until 2048)
Effective PV

REPORT (V2)

Cumulative
Benefits over
30-year horizon
(until 2048)

Spatiai Base
Forecast

pr
33,102.00 / 41,919.84

2,963,
/1?,4. 10

134.91

3,368, é\z*mg

1,848,420.75 \ L

56,228.50
3,929.80
3,264.59
59.83
800.00

Cumulative Benefits over
30-year Horizon

12,978.35
-205.55
6,816.96
24.19
1,555.00
461,612.05
3,542,647.48
2,322,663.11

5,608.80

5, 3%?90\

1466429

144.11
1,519.00

Cumulative Benefits over
30-year Horizon

Category | - Component (until 2048) (until 2048) (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast

N-0 Losses (MWh) 41,268 33,102 41,920

N-1 LAR (MWh) 5,724 15,368 47,913

N-1 IP (MW) 366 453 636

N-1 PED (hr) 1,196 1,098 1,370

N-1 Flex-1 (MWh) 2,795,076 5,351,804 14,163,311

N-1 Flex-2-1 (MWh) 2,860,352 2,368,156 3,029,498

N-1 Flex-2-2 (MWh) 59,402 69,175 87,588

N-0 LAR (MWh) 22,751 56,229 135,609

N-0 IP (MW) 2,713 3,930 5,371

N-0 PFD (hr) 411 800 1,519
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The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by
the Menifee Project. Fhe-By design, the project by-desiga-includes a permanent transfer of relatively large
load centers in the Valley South System during the initial years. This provides significant N-O system relief,
but at the expense of limited operational flexibility. However, it is observed that the solution does not
completely address the N-0 overload condition on the Valley South System transformers.—Fhe-selution

5.3.3.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

1. With the project in service, overloading on the Valley South System transformers is avoided only in
the near-term horizon. Under N-0, EENSef 115114 MWh of LAR is recorded in the Effective PV
Forecast for 2048, and ;880985 MWh is recorded in the Spatial Base Forecast. Across all sensitivities,
the benefits range betweenfrom 22.7 to 135.6 GWh of avoided EENSLAR.

2. N-1overloads are observable in the rearmid-term and long-term horizons for all forecasts. With the
project in service, the N-1 EENSLAR benefits in the system range from 8:65.7 to 42948 GWh through
all forecast sensitivities.

3. The project provides limited flexibility to address planned, unplanned, or emergency outages in the
system and high-impacttowprobabilityHILP events that occur in the Valley SystemSouth system.

4. Following a HILP event, the Menifee Project is-able-tecan serve a total of approximately-a-tetal-ef 160
MW of load in Valley South, beyond the permanent transfers leveraging capabilities of its tie-lines.

5. Overall, Menifee did not demonstrate comparable levels of performance to ASP in addressing the
needs identified in the Valley South System service territory. The project offers limited advantages in
addressing the short-term and long-term needs of the system.

5.3.4 Mira Loma (Project E)

The objective of this alternative is to take advantage of the Mira Loma Systemsystem to provide a new
source of supply into the Valley South service area. The project has been evaluated under the need year®;
2021/2022 (depending on the need year from forecast used for the study), 2028, 2033, 2038, 2043, and
2048. Each of the reliability metrics established byin Section 3.2.4 havehas been calculated using the study
methodology outlined byin Section 3.2.3.

5.3.4.1 Description of Project Solution

1. Construct a new 220/115 kV substation with two transformers (including a spare) and associated
facilities. The substation would be located near SCE’s existing Mira Loma Substation and would be
provided power by looping in an existing 220 kV line. The proposed project would construct new
double-circuit 115 kV subtransmission lines from the new 220/115 kV substation to lvyglen Substation
in the Valley South System.
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2. Transfer load at lvyglen and Fogarty Substations from the Valley South System to the new 220/115 kV
system created.

3. Creates two system tie-lines between Valley South and the new system at Valley Substation and
Fogarty Substation, respectively.

4. The proposed project would construct new double-circuit 115 kV subtransmission lines from the new
220/115 kV substation to Ivyglen Substation in the Valley South System.
5. Reconductor approximately 7.7 miles of existing Auld-Moraga 115 kV line to 954 ACSR conductors.

Figure 5-6 presents a high-level representation of the proposed configuration.

To Chino Suhstation

Phmw 220/115 kW Sub I i Loma
Valley Substation
|EFG Bus|
tuyglen
Py
1 az
Fogarty [ Sun City
Newscmb —
]
Efsinore. = |
—e
swylark E—

Euisting 220 kW Line

———  MNew 230 kV Line
— Existing 115 kV Line
T Mew 15k iine stacler f— EmE— it E—— Fauba

) 3way Tap stent

Mormally Open Circult =]

O mreaker system-Tie)
EEET— R S
Moraga |
Pechanga

Schematic Representation. Mot to scale.

| Figure 5-6. Tie-line to Mira Loma Project Scope
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5.3.4.2 System Performance under Normal eenditionsConditions (N-0)

Findings from the system analysis under N-O conditions are presented in Table 5-25 for the Effective PV

Forecast, Table 5-26 for the Spatial Base Forecast, and Table 5-27 for the PVWatts Forecast.

Table 5-25. Mira Loma N-0 System Performance (Effective PV Forecast)

CAID!
Year
2022 0 0 T~ 0 o _—o 0
0 0 Gl 0 0 0
/95{ 0.0 4 7
9

2028
2033
2038
2043

W 1,9

82 30.7
14 /M/ ] 2.808 0312
[ 138 17.630 0.801 22
05 184 56.774 1.892 30 30

Year LAR Losses
(MWh) (Mwh)
0 0

2022 0 48,453
2028 0 0 0 50,945
2033 82 31 4 53,021
2038 314 84 9 55,097
2043 807 138 22 57,173
2048 1,905 184 30 59,250

Losses

(MWh)

48,453
50,945
53,021
55,097

57,173

==
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Table 5-26. Mira Loma N-0 System Performance (Spatial Base Forecast)

Y EENS CAIDI LOSSES
= (MWh) (hr) {hr} (MWh)

2021
2022
2028
2033
2038
2043

Table 5-27. Mira Loma N-0 System Performance (PVWatts Forecast)

0
106
607

1,449
382

4,994

104 //10‘225 0‘503\ 12 17
172 41.743 1.439 k 29
238 164.624 3.360 45 &

294 441.584 4.962 69 89

Year Losses
(MWh) (MWh)

2021
2022
2028
2033
2038
2043
2048

48,849

0 0 0 49,618
106 38 4 42,629
607 104 12 48,041
1,449 172 29 53,453
3,365 238 45 58,864
4,958 294 81 64,276

o CAIDI
(ki)

2022 0

2028 0 0 h / 0 0

2033 0 0 //o/ NH 0 0

2038 58 /24/ 0 0 \ 4

2043 }a/ 69 1.896 0.271 7

==
2048 52 184 56.774 1.892 30 30

Year Losses
(MWh) (MWh)

2022

48,453

48,849
49,618
42,629
48,041
53,453
58,864

»

Losses

(MWh)

48,453
50,945
53,021

55,097

\ 57,173

Tseas
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2028 0
2033 0
2038 58
2043 273
2048 526

24

69

184

N A~ O O

5.3.4.3 System Performance under Normal Conditions (N-1)

50,945
53,021
55,097
57,173
59,250

Findings from the system analysis under N-1 conditions are presented in Table 5-28 for the Effective PV
Forecast, Table 5-29 for the Spatial Base Forecast, and Table 5-30 for the PVWatts Forecast.

Table 5-28. Mira Loma N-1 System Performance (Effective PV Forecast)

Deficit §

=12 [ EEE=
Year Flex-1 Flex-2-1 | Flex-2-2
(hr) | (mwh) | (vwh) | (mwh)
2022 , 139,483 18,208 0
2028 29 10 0.15 0. OM' 6,493 147,439 25,978 5
2033 149 22 %/ \[NE\ 155,755 35,786 16
2038 416 V/ 10.83 0.43 13,680 M 47,823 25
2043 1,12/44 42.76 1.10 48 17,274 172,235 \GQ&IG 39
Zm,/ﬁog 53 112.29 191 76 20,868 177,925 70,501\\‘\“‘.“ 59
m Deficit Deficit Deficit
(MWh) Flex-1 | Flex-2-1 | Flex-2-2
(Mwh) | (Mwh) | (MWh)
2022 0 0 39,336 82,321 654
2028 99,638 87,598 949
2033 18 149,889 93,115 1,306
2038 94 15 27 200,140 98,884 1,777
2043 493 30 66 250,391 104,047 2,232
2048 1,151 40 127 300,643 107,821 2,624
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Table 5-29. Mira Loma N-1 System Performance (Spatial Base Forecast)

Year Flex-1

1 1

Deficit

(MWh)

Deficit

Flex-2-1
(MWh)

Deficit
Flex-2-2
(MWh)

2021 0 \0\ 2 W 141,086 19,647 2
2022 11 4 0 0 = 4,990 144,166 22,589 4
2028 146 22 2 % 156,703 37,006 12
2033 694 36 V 1 37 23,667 \\155,708 51,240 37
2038 1,715 92 2 67 32,156 176?.;53\% 67,935 56
2043 }/ 63 335.59 3.76 107 40,646 185,405 \w 89
2048 7,216 120 855.62 6.42 153 49,136 192,924 101,463\‘“-&133
m m Deficit Deficit Deficit
(MWh) Flex-1 Flex-2-1 | Flex-2-2
(MWh) (MWh) (MWh)
2021 0 0 0 39,336 83,384 708
2022 91,765 85,427 828
2028 12 4 7 406,336 93,744 1,345
2033 253 19 39 668,479 100,380 1,885
2038 822 36 114 930,622 106,913 2,513
2043 2427 57 246 1,192,765 112,783 3,150
2048 4599 77 442 1,454,907 117,771 3,772

Table 5-30. Mira Loma N-1 System Performance (PVWatts Forecast)

Deficit

Flex-1

Deficit
Flex-2-1

Deficit i
Flex-2-2

(MWh) | (MWh) | (MWh)
2022 0 0 0 \D D/ 2,180 139,483 18,207 0
2028 29 10 5 6,493 147,439 25,978 5
2033 27 11 L . 5 964 147,648 26,202 5
2038 92 20 i 10 7,539 875 34,677 10
— —
2043 297 //34 6.11 0.30 24 9,213 161,485 3,499 20
2048 ﬁSS 102 5.22 0.52 10 10,888 166,160 50,404 10

Deficit
Flex-1

(MWh)
39,336

Year LAR
(MWh)
0 0 0

2022

Deficit
Flex-2-1
(MWh)

82,321

Deficit
Flex-2-2
(MWh)

650
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0 93,650 87,598
138,912 87,737
184,174 92,531

16 229,436 96,915

29 274,697 100,017

944
951
1,259
1,601
1,852

In analyzing the Mira Loma Project, the following constraints (Table 5-31) were found to be binding under
N-0 and N-1 conditions. These are the key elements that contribute to the EENSLAR among other reliability
metrics under study (reported from need year and beyond).

In Table 5-31, only thermal violations associated with each constraint are reported.

Table 5-31. List of Mira Loma Project Thermal Constraints

Overloaded
Element

Outage
Category

Outage Definition

Spatial Effective

Year of Overload o’

Vgheysouth N-0 N/A{bass case) 2026 2031 /1936/
Transformer
Valley EFG-SMQity N-0 N/A (base case) 2044 - // 2
Valley EFG-Tap 39 %1 _ N-0 N/A (base case) 2044 = =
Auld-Moraga#1 . N-0 N/A (base case) 2039 7 - -
Tap 39-Elsinore #1 -0 N/A (base case) 2044 i B =
Auld-Moraga #2 N-1_  Auld-Moraga #1 2032 2038 2048
Auld-Moraga #1 N-1 \'\A\L\Jld-Moraga #2 //2021 2023 2023
Valley EFG-Tap 39 #1 N-1 \;Zlmg;smar 2032 2038 2043
Tap 39-Elsinore #1 N-1 ;Z':f" E:b-s)km 2032 2038 2043
Skylark-Tap 22 #1 N //:jzszG'Elsmm' \288 2033 2038
Valley EFG-Triton #1 Ij,-i/ Moraga-Pechanga 2038\ 2043 -
Valley EFG-Sun City " N-1 Valley EFG-Auld #1 2038 . 2043 :
Valley EFG-Auld #1 _// N-1 Valley EFG-Sun City 2038 584\5 -
Valley EFG-Tapqﬂl N-1 ValleyEhGx 2038 2043 :
2 Newcomb B
Valley EFG-Auld #1 N-1 Valley EFG -Auld #2 2038 2043 S
Valley EFG-Sun City N-1 Valley EFG-Auld #2 2038 2043 -8
" Auld-Moraga #1 N-1 Pauba-Triton 2048 - -
Auld-Moraga #1 N-1 Valley EFG - Triton 2028 2033 2038
Moraga-Pechanga N-1 Valley EFG - Triton 2028 2033 2038
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Spatial Base | Effective PV

Year of Overload

Outage

Category Outage Definition

Overloaded Element

Valley South Transformer N/A (base case) 2026 2031 2036

Valley EFG-Sun City N-0 N/A (base case) 2044 - =

Valley EFG-Tap 39 #1 N-0 N/A (base case) 2044 - -

Tap 39-Elsinore #1 N-0 N/A (base case) 2044 - -

Auld-Moraga #2 N-1 Auld-Moraga #1 2032 2038 2048
Valley EFG-

Valley EFG-Tap 39 #1 N-1 I 2032 2038 2043

. Valley EFG-

Tap 39-Elsinore #1 N-1 s 2032 2038 2043

Skylark-Tap 22 #1 N-1 VRIS AR 2028 2033 2038
Fogarty

Valley EFG-Triton #1 N-1 Moraga-Pechanga 2038 2043 -

Valley EFG-Sun City N-1 Valley EFG-Auld #1 2038 2043 -

Valley EFG-Auld #1 N-1 Valley EFG-Sun City 2038 2045 -

Valley EFG-Tap 22#1 N-1 Velly G- 2038 2043 ;
Newcomb

Valley EFG-Auld #1 N-1 Valley EFG-Auld #2 2038 2043 -

Valley EFG-Sun City N-1 Valley EFG-Auld #2 2038 2043 -

Moraga-Pechanga N-1 Valley EFG-Triton 2028 2033 2038

5.3.4.4 Evaluation of Benefits

The established performance metrics were compared between the baseline and the Mira Loma Project to
quantify the overall benefits accrued over the 30-year study horizon. The benefits are quantified as the
difference between the baseline and Mira Loma for each of the metrics.

The eurmutativeaccumulative value of the benefits aceurmutated-over the 30-year horizon areis presented
in Table 5-32 below-for all three forecasts.
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Table 5-32. Cumulative Benefits — Mira Loma

Cumulative
Benefits over
30-year horizon

Cumulative Benefits Cumulative Benefits
over over
30-year horizon (until 30-year horizon (until
2048) 2048)
PVWatts Forecast Effective PV

Component

{until 2048)

Spatial Base
Forecast

N-0 o s (MWh) 48,851.33 4W 47,003.50
N-1 EENS{MWM\ 2,573.83 C /7,195.25 18,318.70
N-1 PMW) 4165 - 98.45 129.45

N-1 SAIDI (hr) \\_ 53321~ 76427 5,908.99

N-1 SAIFI >&é 4.71 14.95
N-1 PFD (hr) / 1,084.CN 1,308.50 1,869.00

N-1 Flex-1 (MWh) / ' 327,945.64 \\ 466,197.68 676,792.59
N-1 Flex-2-1 {Ms 1,472,688.43 \\1\489,270.72 1,569,278.78
N-1 Flex-2< {iVIWh] 1,490,804.78 1,7:’»5, 9.08 2,174,923.33
N-0 /EEN S (MWh) 18,949.53 42,092.1 FN 85,890.15
N-0 / ( IP (MW) 1,720.20 2,269.70 \\\ 2,648.50
N/D/' SAIDI (hr) 264.65 2,993.28 51}40\6\.82

/N-O SAIFI 9.35 48.67 107.5.=N.

N-O0 PFD (hr) 269.50 553.50 922.00 i

Cumulative Benefits Cumulative Benefits Cumulative Benefits
Category J—— over 30-y.ear Horizon over 30-y.ear Horizon over 30-y.ear Horizon
(until 2048) (until 2048) (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast
N-0 Losses (MWh) 48,851 40,333 47,004
N-1 LAR (MWh) 2,548 15,237 42,681
N-1 IP (MW) 42 421 603
N-1 PFD (hr) 1,011 1,125 214
N-1 Flex-1 (MWh) 623,316 3,251,880 6,363,238
N-1 Flex-2-1 (MWh) 1,252,410 1,263,410 1,326,687
N-1 Flex-2-2 (MWh) 55,850 64,919 82,069
N-0 LAR (MWh) 18,924 50,134 110,252
N-0 IP (MW) 1,720 2,270 2,721
N-0 PFD (hr) 362 554 935
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The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by

the Mira Loma Project. Although the project demonstrates N-O benefits in the short-term horizon, the

project does not completely address the N-0 overload condition on the Valley South System transformers.
‘ In the Spatial Base ferecastForecast, the project fails to satisfy needs in the short-term horizon as well,

resulting in 106 MWh of EENSLAR by 2028. The availability of system tie-lines does provide incremental

flexibility to support emergency and maintenance conditions in the system. However, these benefits are
| limited in comparison to other solutions like the-ASP.

5.3.4.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

1. Withthe projectin service, limited relief is available to overload conditions on the Valley South System
transformers. Under N-0, EENS-6f1,905 MWh of LAR is recorded under the Effective PV Forecast for
2048. Similarly, EENSthe LAR of 5,000 MWh is recorded in the Spatial Base Forecast. Across all
sensitivities, the benefits range betweenfrom 18.9 to 85-8110 GWh of avoided EENSLAR.

2. N-1 overloads are observable in the near-term and long-term horizons for all forecasts. With the
project in service, the N-1 EENS-benefits in the system range from 2.5 to 48-342.6 GWh through all
forecasts.

3. The project offers limited flexibility to address planned, unplanned, or emergency outages in the

system and high-impacttowprobability-HILP events that occur in the Valley SystemSouth system.
4. Following a HILP event, Mira Loma is-ablecan recover approximately 110 MW of load in Valley South,
beyond the permanent transfers leveraging capabilities of its tie-lines.

| 5. Overall, Mira Loma did not demonstrate comparable levels of performance to the ASP in addressing
the needs identified in the Valley South System service territory. The project offers limited advantages
| in addressing the short-term and long-term needs of the system.

5.3.5 Valley South to Valley North project (Project F)

The objective of this project is to transfer Newcomb and Sun City Substations from the Valley South
| Systemsystem to the Valley North System. Under normal conditions, the Valley North System does not

approach its transformer rated capacity until 2045 in the Spatial Base Forecast. In all other forecasts, the

loading does not exceed transformer capacity. Initial screening studies demonstrated that the load

transfer would result in minimal line overloads (N-O and N-1) in the Valley North system, however,

transformer loading would be at risk of exceeding rated capacity. Due to this, only the EENSLAR (N-0)

reliability metric was amended to include monitoring loading of the Valley North transformers. Potential
| N-1 impacts on the Valley North system have not been considered in the metrics.

The project was considered to leverage the capabilities of tie-lines to move loads between the Valley
South System and the Valley North System. However, this transfer would not satisfy the short-term and
long-term objectives of the projects. No incremental benefits are provided to the Valley South System in
this configuration; because no additional load can be transferred to Valley North during emergency or
maintenance conditions in the network. The project has been evaluated under the need year®;
2021/2022 (depending on the need year from forecast used for the study), 2028, 2033, 2038, 2043, and
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2048. Each of the reliability metrics established byin Section 3.2.4 havehas been calculated using the study
methodology outlined byin Section 3.2.3.

5.3.5.1 Description of Project Solution

The proposed project would include the following components:

1. The proposed project would transfer the loads at Newcomb and Sun City Substations from the Valley
South System to the Valley North System through the construction of new 115 kV lines.

2. Normally--open circuit breakers at the Valley South bus and-at Sun City Substation are maintained as
system tie-lines between Valley North and Valley South for transfer flexibility.

| 3. Reconductor existing Auld-—Sun City 115 kV line which would become the Valley-——Auld-—Sun City 115
kV line.

| 4. Reconductor approximately 7.7 miles of existing Auld—Moraga 115 kV line to 954 ACSR conductors.

Figure 5-7 presents a high-level representation of the proposed configuration.

Valley South to Valley

North
Valley Suhstation [ABC Bus|

valley Suhstation (576G Sus)

eyglen

Fagarty T
Newcam b

Elsinare

Skeylark

LEGEND
Transmissizn Substation

Dastribution Substatian
Customer Substation

Existing 500 k¥ Ling

Pew 500 kW Line

Exlzting 115 kY Line

Mew 115 k¥ Line Stadler

ool I[N

fearm.
eal

Schematic Representation. Not to scale.

Figure 5-7. Tie-lines between Valley South and Valley North preject-secepe-Project Scope
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5.3.5.2 System Performance under Normal eenditionsConditions (N-0)

Findings from the system analysis under N-O conditions are presented in Table 5-33 for the Effective PV
Forecast, Table 5-34 for the Spatial Base Forecast, and Table 5-35 for the PVWatts Forecast.

Table 5-33. Valley South to Valley North N-0 System Performance (Effective PV Forecast)—

Year CAID! Losses
(h r) (MWh)

49,328

2028 0 0 o\ 0 0 0 51,777

2033 0 0 /cr( 0.0 0 0 53,817

2038 136 /«1—4/ 2.891 0.160 18 55,858
2043 }J}/ 44 17.299 0.914 20 57,898
W 2,680 192 141.685 2.197 55 64 \SS.SQ

Year Losses
(MWh) (Mwh)

2022 0 49,328
2028 0 0 0 51,777
2033 0 0 0 53,817
2038 136 14 4 55,858
2043 779 44 20 57,898
2048 2,680 192 55 59,939
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Table 5-34. Valley South to Valley North N-0 System Performance (Spatial Base Forecast)—

mmm-

(MWh) (hr) {hr} (Mwh)
2021 49,723
2022 0 0 — 0 50,479
2028 0 0 M 0 0 53,801

2033 305 56— 4652 0607 13 8 56,568
2038 2068 173 140694 2875 R 49 59,336

o

2043 ;146 310 876.910 9.434 104 9 62,104
16,818 433 2,797.272 13.803 165 203 5
B

(MWh) (MWh)
2021 49,723
2022 0 0 0 50,479
2028 0 0 0 53,801
2033 305 56 13 56,568
2038 2,468 173 56 59,336
2043 8,146 310 104 62,104
2048 16,818 433 165 64,872

Table 5-35. Valley South to Valley North N-0 System Performance (PVWatts Forecast)—

Year CAIDI Losses
(ki) (MWh)
2022 0 49,328

2028 0 0 h / 0 0 50,960
2033 0 0 /9/ o= e 0 51,342

2038 0 /D/ 0 0 \ 0 53,028

2043 / a9 0.706 0.118 6 \ 54,713
==
2048 750 202 17.871 0.941 19 19 v
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0
0
0

94

750

0 0
0 0
0 0
0 0
49 6
202 19

5.3.5.3 System Performance under Normal Conditions (N-1)

49,328
50,960
51,342
53,028
54,713
56,399

Findings from the system analysis under N-1 conditions are presented in Table 5-36 for the Effective PV
Forecast, Table 5-37 for the Spatial Base Forecast, and Table 5-38 for the PVWatts Forecast.

Table 5-36. Valley South to Valley North N-1 System Performance (Effective PV Forecast)

CONFIDENTIAL/PROPRIETARY

Deficit Deficit Deficit
Year Flex-1 Flex-2-1 Flex-2-2
H (hr} (MWh) (MWh) (MWh)
2022 6 3 \ﬁ\ /EBB/ 192,865 15,864 3
2028 58 15 0.0 11,342 201,538 22,946 8
2033 192 28 18.68 /8"1/ \670\ 210,603 32,011 106
2038 610 33 //2/.12 0.56 39 23,898 M 43,191 37
2043 1,416 /50 71.97 131 62 30,176 228,568 | 55
2048,4 87 18025 232 89 36,454 234,771 64235 78
M Deficit Deficit Deficit
(MWh) Flex-1 Flex-2-1 Flex-2-2
(MWh) (MWh) (MWh)
2022 0 0 21,339 127,935 574
2028 54,051 133,688 848
2033 4 2 2 81,311 139,702 1,168
2038 103 14 19 108,570 145,991 1,596
2043 472 27 67 135,830 151,619 2,038
2048 1040 38 155 163,090 155,733 2,384
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Table 5-37. Valley South to Valley North N-1 System Performance (Spatial Base Forecast)

12 6

Year

2021

2022 32 10
2028 216 28
2033 778 42
2038 2,144 58—
2043 4,517 77

2048 7,683 135

Year

2021
2022
2028
2033 156
2038 722
2043 1968
2048 3737

N
0 o
a 0
e
~1s5 2
50431  4.25
117070 7.5

LAR
(MWh)
0 0

o

272

Deficit
Flex-1
(MWh)

a 4239~ 194613
>(/ 6,425 197,970
23 H\m% 211,637
aa 30,477~ 222,583

87 41,409 233279
129 52,342 242,925
178 63,274 251,122

Deficit
Flex-1
(MWh)
21,339
54,465
253,225
418,858
584,491
750,124
915,757

Deficit
Flex-2-1
(Mwh)

Deficit
Flex-2-1
(MWh)
129,095
140,388
140,388
147,622
154,744
161,142
166,580

Table 5-38. Valley South to Valley North N-1 System Performance (PVWatts Forecast)

Deficit
Flex-2-1
(Mwh)

Deficit
Flex-2-2
(MWh)
17,164 4
19,844 5
33,148 23
46,386 41
61,842 78
\r&,lg 119
93,441 61

Deficit
Flex-2-2
(MWh)

616
1,202
1,202
1,710

2,286

2,902

3,458

-

Deficit
Flex-2-2 | cAIDI
(MWh)

192,865 15,864 3

11,382 201,538 22,946 8

8 732 201,766 23,155 8
\lK‘H“

17 15334 209643 30,979 17

30 18936 216,849 9,179 29

44 22538 221,946 45597 41

Deficit Flex- Deficit Flex- Deficit Flex-
LAR
Year 1 2-1 2-2
(MWh)
(MWh) (MWh) (MWh)
2022 0 0 0 21,339 127,935 571
2028 0 0 0 46,835 133,688 843
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2033 0 0 0 68,082 133,840 850

2038 0 0 1 89,330 139,065 1,122
2043 47 10 11 110,577 143,845 1,426
2048 138 17 22 131,824 147,226 1,679

In analyzing the Valley North to Valley South Project, the following constraints (Table 5-39) were found to
be binding under N-0 and N-1 conditions. These are the key elements that contribute to the EENSLAR
among other reliability metrics under study (reported from need year and beyond).

In Table 5-39, only thermal violations associated with each constraint are reported.

Table 5-39. List of Valley South to Valley North Thermal Constraints

Spatial Base | Effective PV PVWatts
Overloaded Element Outage Olft?g.e
Category Definition Year of Overload

valley South N-0 N/A (base case) 2036 2043 -
Transformer
Auld-Moraga#1 N-O NiA{basecase) 2037 2045 -
Valley EFG-Tap 39 #1 N-0 N/A (base case) 2042 - -
Auld-Moraga #2 N-1 Auld-Moraga #1 2033 2038 2043
Auld-Moraga-#l R Auld-Moraga#2 202 2022 jalaiete)
Valley EFG-
Valley EFG-Tap 39 N-1 Y 2043 2048 -
. Valley EFG-
Tap 39-Elsinore N-1 e 2033 2038 2043
Auvld-Moraga#1 N-1 Skylark-Tenaja 2038 2043 -
Moraga-Tap 150 #1 N-1 Skylark-Tenaja 2043 2048 -
Skylark-Tap 22 #1 N-1 Valley EFG- 2033 2038 2043
Elsinore-Fogarty
Valley EFG-
Valley EFG-Tap 22 N-1 THiTere 2048 - -
Valley EFG-Triton #1 N-1 Moraga-Pechanga 2043 - -
Valley-Auld #3 N-1 VL7 E';G'A”'d 2048 ; ;
Pt b oo P Matle ERC—Triten 2022 2042 -
Moraga-Pechanga N-1 Valley EFG - 2028 2033 2038
Triton
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5.3.5.4 Evaluation of Benefits

The established performance metrics were compared between the baseline and the Valley South to Valley
North Project to quantify the overall benefits accrued over the 30-year study horizon. The benefits are
quantified as the difference between the baseline and the Valley South to Valley North Project for each
of the metrics.

The eumutativeaccumulative value of the benefits aceumulated-over the 30-year horizon areis presented
in Table 5-40 belew-for alithe three forecasts.

Table 5-40. Cumulative Benefits — Valley South to Valley North

Cumulative Benefits Cumulative Benefits Cumt_llative

s over i Benefits over
- - 30-year horizon
Category Component 30-year horizon 30-year horizon (until 2048)
(until 2048) (until 2048) 5
Spatiai Base
PVWatts Forecast Effective PV Eorochct
. =
N-0 Losses ( ) 26,508.24 19,220.96 / 26,468.48
-
N-1 EENS (MWh) \ 600.25 2,752)55/ 11,817.15
N-1 IP (MW) -118.05 49.80 -91.15

N-1 SAIDI (hr) 42&59\ _ / 277.20 3,748.24

N-1 SAIFI 5.16 >< 1.39 7.53

N-1 PFD (hr) 86350 S 107750 1,485.50

N-1 Flex-1 (MWh) ,671.17 MN.SO 465,583.98

N-1 Flex-2-1 {MW‘h)// .. = -I\ =

N-1 Flex-2-2 ( ] 1,585,237.85 1,848,420.75 \\\ 2,322,663.11

N-O EENS (MWh) 20,123.90 45,491.88 | ,848.32

N-0 /'/ IP (MW) 1,909.80 3,211.43 2,3%.%8\

/1((5 SAIDI (hr) 38894 2,747.38 2,889.80 \
7w SAIFI 1332 48.56 43.94
N-O PFD (hr) 327.50 536.50 287.77

Cumulative Benefits
over 30-year Horizon

Cumulative Benefits | Cumulative Benefits
over 30-year Horizon | over 30-year Horizon

Category Component (until 2048) (until 2048) (until 2048)
PVWatts Forecast Effective PV Forecast Sp ;)t :Zi:;se
N-0 Losses (MWh) 26,508 19,221 26,468
N-1 LAR (MWh) 5,724 15,368 47,913
N-1 IP (MW) 366 453 636
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Cumulative Benefits
over 30-year Horizon

Cumulative Benefits | Cumulative Benefits
over 30-year Horizon | over 30-year Horizon

Ly el (until 2048) (until 2048) (until 2048)
PVWatts Forecast Effective PV Forecast Sp;f ;Zi_:;se

N-1 PFD (hr) 1,196 1,098 1,371
N-1 Flex-1 (MWh) 2,795,076 5,351,804 14,163,311
N-1 Flex-2-1 (MWh) = - =
N-1 Flex-2-2 (MWh) 59,402 69,175 87,588
N-0 LAR (MWh) 20,124 45,492 40,848
N-0 IP (MW) 1,910 3,211 2,380
N-0 PFD (hr) 328 537 288

The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by
the Valley South to Valley North Project. FheBy design, the project by—design-includes a permanent
transfer of large load centers in the Valley South System during initial years. This provides significant N-0
system relief in the Valley South System, but at the expense of limited operational flexibility. However, it
is observed that the solution does not completely address the N-0 overload condition on the Valley South
System transformers. Additionally, the transformer overload condition is propagated to the Valley North
System transformers starting from the year 2030 in the Spatial Base fereeastForecast and 2036 in the
Effective PV forecast—The-solution-doesnotoffer relief to-address N-1violationsinthe system-This

5.3.5.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

1. With the project in service, overloading on the Valley South transformer is avoided in the near term
and long-term horizon till the year 2043. However, the transfer of loads resulresults in overloads on
the Valley North transformer by the year 2037. EENS-9f-2,600 MWh of LAR is recorded under N-0
condition in the P\-Effective fereeastPV Forecast and 16,800 MWh in the Spatial Base Forecast in the
year 2048. Across all sensitivities, the benefits range betweenfrom 20.1 to 45.4 GWh of avoided
EENSLAR.

2. N-1 overloads are observable in the near-term and long-term horizons for all forecasts. With the
project in service, the N-1 EENS-benefits in the system range from 6-65.7 to 43-847.9 GWh through all
forecasts.

3. The project provides limited flexibility to address planned, unplanned, or emergency outages in the
system and high-impacttowprobabilityHILP events that occur in the Valley South System.

4. During potential HILP events impacting Valley Substation, the project is unable to serve incremental
load in the Valley South Systemsystem.
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5. Overall, the Valley South to Valley North Project did not demonstrate comparable levels of
performance to the ASP in addressing the needs identified in the Valley South System service territory.
The project offers limited advantages in addressing the short-term and long-term needs of the system.

5.3.6 Valley South to Valley North to Vista (Project G)

The objective of this project would be to transfer the loads at Newcomb and Sun City Substations to the

Valley North System (identical to Project F). Additionally, the load at Moreno Substation in the Valley
| North System would be transferred to the Vista 220/115 kV Systemsystem. The premise of this
methodology is to relieve loading on the Valley North System to accommodate a load transfer from the
Valley South System. -Initial screening studies demonstrated that the load transfer would result in minimal
line overloads (N-0 and N-1) in the Valley North systemSystem, however, transformer loading would be
at risk of exceeding rated capacity. Due to this, only the EENSLAR (N-0) reliability metric was amended to
include monitoring loading of the Valley North transformers. Potential N-1 impacts on the Valley North
systemSystem have not been considered in the metrics. The project has been evaluated under the need
year®%;,2021/2022 (depending on the need year from forecast used for the study), 2028, 2033, 2038, 2043,
and 2048. Each of the reliability metrics established byin Section 3.2.4 havehas been calculated using the
study methodology outlined byin Section 3.2.3

5.3.6.1 Description of Project Solution

The proposed project would include the following components:

1. Moreno Substation is transferred to Vista 220/115 kV system through existing system tie-lines
between Valley North and Vista Systems.
| 2. New 115 kV line construction to restore subtransmission network connectivity following transfer efat
Moreno Substation.
3. Normally--open circuit breaker at Moreno Substation to provide a system tie-line between the Vista
Systemsystem and the Valley North System.
4. The proposed project would also transfer the loads at Newcomb and Sun City Substations from the
| Valley South System to the Valley North System through the construction of new 115 kV lines (see
Project F).
| 5. Normally--open circuit breakers at the Valley South bus and atthe Sun City Substation are maintained
as system tie-lines between the Valley North System and the Valley South System for transfer
flexibility.
| 6. Reconductor existing Auld-—Sun City 115 kV line which would become the Valley-—Auld-—Sun City 115
kV line.
7. Reconductor approximately 7.7 miles of existing Auld—Moraga 115 kV line to 954 ACSR conductors.

Figure 5-138 presents a high-level representation of the proposed configuration.
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Figure 5-8. Tie-lines between Valley South to Valley North to Vista
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5.3.6.2 System Performance under Normal eenditionsConditions (N-0)

Findings from the system analysis under N-0 conditions are presented in Table 5-41 for the Effective PV
Forecast, Table 5-42 for the Spatial Base Forecast, and Table 5-43 for the PVWatts Forecast.

Table 5 41. Valley South to Valley North to Vista N-0 System Performance (Effective PV Forecast)

Year CAID! Losses
(hr) (MWh)

0 0 0 49,328
2028 0 0 o\ 0 0 0 51,777
2033 0 o v 0 0 0 54,225
2038 0 /9/ 0 0 0 55,858

2043 /es/ 31 0.004 0.004 6 57,898
W 852 121 2.275 0.101 22 22 \sg.sg

Losses
Year

2022 0 0 49,328
2028 0 0 0 51,777
2033 0 0 0 54,225
2038 0 0 0 55,858
2043 83 31 6 57,898
2048 852 121 22 59,939

Table 5 42, Valley South to Valley North to Vista N-0 System Performance (Spatial Base Forecast)

Y SAIDI CAIDI Losses
o {hr} (hr} {hr} (MWh)

2021 0 49,723

2022 0 o /o/ ' 0 0 50,479

2028 0 0 = 0 0 53,301

2033 0 o _— o 0 0 0 56,568

2038 756 12 10.403 0.657 23\&& 16 59,336

2043 43 246 178.497 3340 66 s 62,104
9,003 365 789.798 8260 119 %

o

LAR Losses
Year
(MWh) (MWh)
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2021 0 0 0 49,723
2022 0 0 0 50,479
2028 0 0 0 53,801
2033 0 0 0 56,568
2038 756 112 23 59,336
2043 3,843 246 66 62,104
2048 9,003 365 119 64,872

Table 5-43. Valley South to Valley North to Vista N-0 System Performance (PVWatts Forecast)

Year CAIDI Losses
(ki) (MWh

2022 49,328
2028 50,960

2033 0 0 /o/ -NH 0 0 51,342
2038 0 /D/ 0 0 ol 0 53,028

(=
=
7
(=]
(=]

_ =
2043 /u/ 0 0 0 0 \H 54,713
2048 i 68 37 0.295 0.059 5 5 \56399\
S EE

(MWh) (MWh)

2022 0 0 49,328

2028 0 0 0 50,960

2033 0 0 0 51,342

2038 0 0 0 53,028

2043 0 0 0 54,713

2048 68 37 5 56,399
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5.3.6.3 System Performance under Normal Conditions (N-1)

Findings from the system analysis under N-1 conditions are presented in Table 5-44 for the Effective PV
Forecast, Table 5-45 for the Spatial Base Forecast, and Table 5-46 for the PVWatts Forecast.

Table 5-44. Valley South to Valley North to Vista N-1 System Performance (Effective PV Forecast)

" Deficit | Deficit | Deficit |
N
Year EENS SADA Flex-1 Flex-2-1 Flex-2-2
(MWh) (hr) (Mwh)
6 3 ol e

2022 3,808 192,865 15,864 &
2028 58 15 0.42 0.05 >-</ 11,342 201,538 22,946 8
2033 192 28 18.68 /618/ 19 27 210,603 32,011 106
2038 610 38 /Zﬂ.Z/ 0.56 39 23,898 B 220; 43,191 37
2043 1,416//50 71.97 1.31 62 30,176 228,568 | 727 55
2048 //ﬁﬂﬂ 87 180.25 2.32 89 36,454 234,771 64,235\\& 78
m Deficit Deficit Deficit
(MWh) Flex-1 Flex-2-1 Flex-2-2
(MWh) (MWh) (MWh)
2022 0 0 0 21,339 127,935 574
2028 0 0 0 54,051 133,688 848
2033 4 2 2 81,311 139,702 1,168
2038 103 14 19 108,570 145,991 1,596
2043 472 27 67 135,830 151,619 2,038
2048 1040 38 155 163,090 155,733 2,384

Table 5-45. Valley South to Valley North to Vista N-1 System Performance (Spatial Base Forecast)

Deficit Deficit Deficit

Year Flex-1 Flex-2-1 Flex-2-2 | caIDI
(Mwh) (Mwh)
2021 12 }39/ 194,613 17,164 4
2022 32 10 ' >( 6,425 197,970 19,844 5
2028 216 28 23 \3‘5\44 211,637 33,148 23
2033 778 42 44 30,477 222,543 46,386 41
2038 2144 58— 87 41,409 N&z 78
2043 4517 — 77 504.31 4.25 129 52,342 242,925 85 119
2048% 135  1,170.70  7.25 178 63,274 251,122 93,441 161
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Deficit Deficit Deficit

Year Flex-1 Flex-2-1 Flex-2-2

(Mwh) | (mwh) | (Mwnh)

2021 0 0 0 21,339 129,095 616

2022 0 0 0 54,465 140,388 1,202
2028 4 2 2 253,225 140,388 1,202
2033 156 18 22 418,858 147,622 1,710
2038 722 37 70 584,491 154,744 2,286
2043 1968 56 163 750,124 161,142 2,902
2048 3737 68 272 915,757 166,580 3,458

Table 5-46. Valley South to Valley North to Vista N-1 System Performance (PVWatts Forecast)

Deficit Deficit Deficit .
Year Flex-1 | Flex-2-1 | Flex-2-2
(MWh) | (MWh) | (MWh)

2022 3 808 192,865 15,864 3

2028 58 15 0.42 OMB 11,342 201,538 22,946 8
\\‘\

2033 61 15 0‘45/-/0‘06 8 732 201,766 23,155 8

2038 168 26 /ASD 0.15 17 15,334 MI\?OQ,EB 30,979 17
2043 43Q ﬂ 11.51 0.40 30 18,936 216,84\9“‘&\3&1_79 29
2048 /ﬁa 41 28.01 0.68 34 22,538 221,946 45,55?\m\ 41
m M Deficit Deficit Deficit
Year Flex-1 Flex-2-1 Flex-2-2
(MWh) (MWh) (MWh)
2022 0 0 21,339 127,935 571
2028 0 0 46,835 133,688 843
2033 0 0 68,082 133,840 850
2038 0 0 89,330 139,065 1,122
2043 47 10 11 110,577 143,845 1,426
2048 138 17 22 131,824 147,226 1,679

In analyzing the Valley North to Valley South to Vista Project, the following constraints (Table 5-47) were
found to be binding under N-0 and N-1 conditions. These are the key elements that contribute to the
EENSLAR among other reliability metrics under study (reported from need year and beyond).

In Table 5-47, only thermal violations associated with each constraint are reported.
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| Table 5-47. List of Valley North to Valley South to Vista Project Thermal Constraints

Overloaded Outage Outage Spatial Base | Effective PV PVWatts

Element Category Definition Year of Overload
\ /"'
\\lf;lev South N-O N/A (base case) 2036 2043 i /
nsformer

Auld-Mo #1 N-0 N/A (base case) 2037 2045 /-
Valley EFG-Tap 39-_ N/A (base case) (
N-0 2042 - -
#1 \
Auld-Moraga #2 \N\{ Auld-Moraga #1 2033 2038 2043
Auld-Moraga #1 N-1 \ Auld-Moraga #2 2021/ 2022 2022
Valley EFG-
Valley EFG-Tap 39 N-1 m@-swlark /@ 2048 .
Tap 39-Elsinore N-1 Valley EESs 2033 ZBE 2043
Newcomb-Skyla
Auld-Moraga #1 N-1 Skylark-Tenaja 2038 2043 -
: FE
Morasa“;rap 150 N-1 / Skylark-Tenaja 2043 2048 =
-

Valley EFG-Elsinore-
Skylark-Tap 22 #1 N-1 Fogarty 2033 \ZHSS\ 2043

- " =
e EFG?P’{ N-1 Valley EFG-Elsinore- 2048 - \-
Fogarty
o EtT aes N-1 Moraga-Pechanga 2043 5 \

e \\“\
i Valley-Auld #3 N-1 Valley EFG-Auld #1 2048 B -
Auld-Moraga #1 N-1 Valley EFG - Triton 2033 2043 -
Moraga-Pechanga N-1 Valley EFG - Triton 2028 2033 2038
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Outage Spatial Base | Effective PV
Overloaded Element Outage Definition
Category Year of Overload

Valley South Transformer N-0 N/A (base case) 2036 2043 -
Valley EFG-Tap 39 #1 N-0 N/A (base case) 2042 - -
Auld-Moraga #2 N-1 Auld-Moraga #1 2033 2038 2043
Valley EFG-Tap 39 N-1 Valley EFG-Newcomb- 2043 2048 -
Skylark
EFG- 5
Tap 39-Elsinore N-1 valley EFG-Newcomb 2033 2038 2043
Skylark
Moraga-Tap 150 #1 N-1 Skylark-Tenaja 2043 2048 -
Skylark-Tap 22 #1 N-1 L 2033 2038 2043
Fogarty
Valley EFG-Tap 22 N-1 Valley EFG-Elsinore- 2048 - -
Fogarty
Valley EFG-Triton #1 N-1 Moraga-Pechanga 2043 - -
Valley-Auld #3 N-1 Valley EFG-Auld #1 2048 - -
Moraga-Pechanga N-1 Valley EFG - Triton 2028 2033 2038

5.3.6.4 Evaluation of Benefits

The established performance metrics were compared between the baseline and the Valley South to Valley
North to Vista Project to quantify the overall benefits accrued over the 30-year study herizenshorizon.
The benefits are quantified as the difference between the baseline and the Valley South to Valley North
to Vista Project for each of the metrics.

The ewmulativeaccumulative value of benefits aceumutated-over the 30-year horizon areis presented in
Table 5-48 belew-for all three forecasts.

CONFIDENTIAL/PROPRIETARY © 26192021 QUANTA TECHNOLOGY, LLC G-2, Page 307



(%Y

QUANTA
TECHNOLOGY

REPORT (V2)

DELIVERABLE 3: BENEFIT COST ANALYSIS OF THE ALTERNATIVES PROJECTS | SCE

Table 5-48. Cumulative Benefits — Valley South to Valley North to Vista

over
Category Component i
(until 2048)

PVWatts Forecast
Losses '[ 26,508.24
N-1 EENS {MWh] \ 600.25
N-1 IP (MW) \I.IS 05
N-1 SAIDI (hr) 2651
N-1 SAIFI
N-1 PFD (hr) 86350

N-1 Flex-1 (MWh)

Cumulative Benefits

30-year horizon

Cumulative Benefits

over

30-year horizon

(until 2048)
Effective PV

1922096 i

s
2,752,65
=149.80
277.20

5.16 >< 1.39

/1{6,671.17

N1 Flex-2-1(MWh) | 7 »

N1 Flex-2-2 ,uwﬂj 1,585,237.85
N-0 /EENS/{MWh] 22,612.50
N-V'/ IP (MW) 2,637.80
| /ﬂo SAIDI (hr) 444.79
d SAIFI 16.49
N-0 PFD (hr) 398.50

Category

Component

Cumulative Benefits
over 30-year Horizon

\ 1,077.50
\233@04 50

=

1,848,420.75

53,699.90
3,568.80
3,260.78

59.90
725.00

Cumulative Benefits
over 30-year Horizon

Cumulative
Benefits over
30-year horizon
(until 2048)

Spatial Base
Forecast

26,468.48
11,817.15
-91.15
3,748.24
7.53
1,485.50
465,583.98

2,322,663.11

\9\1,348.65

3,4?2@\

11,50094
10553
824.00

Cumulative Benefits
over 30-year Horizon

(until 2048) (until 2048) (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast
N-0 Losses (MWh) 26,508 19,221 26,468
N-1 LAR (MWh) 5,724 15,368 47,913
N-1 IP (MW) 366 453 636
N-1 PFD (hr) 1,196 1,098 1,371
N-1 Flex-1 (MWh) 2,795,076 5,351,804 14,163,311
N-1 Flex-2-1 (MWh) - - -
N-1 Flex-2-2 (MWh) 59,402 69,175 87,588
N-0 LAR (MWh) 22,613 53,700 91,349
N-0 IP (MW) 2,638 3,569 3,422
N-0 PFD (hr) 399 725 824
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The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by
the Valley South to Valley North to Vista Project. FheBy design, the project by-design-includes a permanent
transfer of large load centers in Valley South during initial years. This provides significant N-0 system relief
in Valley South, but at the expense of limited operational flexibility. However, it is observed that the
solution does not completely address the N-O overload condition on the Valley South System
transformers. However, the transformer overload condition is propagated to the Valley North System
transformers starting from the year 2041 in the Effective PV ferecastForecast. The project also includes a
transfer of load from the Valley North System to the Vista System. This temporarily remedies the system
overload but does not provide relief over the long-term horizon. Fhe—selution-deesrotaddressN-1

5.3.6.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

1. With the project in service, overloading on the Valley South Systemsystem transformers is avoided in
the near-term and long-term horizons until the year 2043. However, the transfer of loads resulresults
in overloads on the Valley North System transformers in the year 2041, with a transfer of loads to the
Vista systemSystem. Under N-0, EENS-e£852 MWh of LAR is recorded in the Effective PV Forecast for
2048 and 9,000 MWh in the Spatial Base Forecast. Across all sensitivities, the benefits range
betweenfrom 22.6 to 91.3 GWh of avoided EENSLAR.

2. N-1 overloads are observable in the rearmid-term and long-term horizons for all forecasts. With the
project in service, the N-1 EENS-benefits in the system range from 8:6085.7 to 33-847.9 GWh through
all forecasts.

3. The project provides limited flexibility to address planned, unplanned, or emergency outages in the
system and high-impacttowprobabilityHILP events that occur in the Valley South System.

4. During potential HILP events affecting Valley Substation, the design of this project does not provide
the ability to recover load in the Valley South System through leveraging capabilities of its system tie-
lines.

5. Overall, Valley South to Valley North to Vista did not demonstrate comparable levels of performance
to the ASP in addressing the needs identified in the Valley South System service territory. The project
offers limited advantages in addressing the short-term and long-term needs of the systemSystem

5.3.7 Centralized BESS in Valley South Project (Project H)

| The premise of this solution is to utilize battery-energy-storage-systems{BESS} to be appropriately sized

for meeting the reliability needs of the system. Storage has been separately sized for each of the forecasts
under consideration, and their performance has been evaluated. Two locations in the Valley South System
are considered, near SCE’s existing Pechanga and Auld Substation, respectively, with a maximum capacity
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to accommodate 200 MW each. The project has been evaluated under the need year®; 2021/2022
(depending on the need year from forecast used for the study), 2028, 2033, 2038, 2043, and 2048. Each
of the reliability metrics established byin Section 3.2.4 havehas been calculated using the study
methodology outlined byin Section 3.2.3

7.1 Description of Project Solution

proposed project would include the following components:

PointThe point of interconnection would be near Pechanga and/or Auld Substations following the
construction of necessary 115 kV substation facilities and 115 kV line reconfiguration.

The initial BESS would be constructed near Pechanga Substation with an ultimate design capacity of
200 MW. Once this maximum value is reached, a subsequent and similar installation would be
constructed near Auld Substation.

In order to meet the future needs of the Valley South System from 2021/2022 to 2048, the following
storage sizes have been established. Sizing analysis has been performed for all forecasts on a 5-year
outlook (i.e., in the year 2021, investments are made to cover the 5-year horizon till 2026:). The
incremental storage sizes are presented in Table 5-49 andthrough Table 5-51.

Due to the radial design of the Valley South System under the study, locating the BESS
interconnection near Pechanga or Auld Substations would not result in significant differences to N-0
system performance and reliability indices.

In the Valley South system, a contingency reserve ismaintained-of 10 MW; / 50 MWh inaccerdance
withis maintained per SCE planning criteria and guidelines for N-1 conditions.
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Table 5-49. Storage Sizing and Siting — Spatial Base Forecast (Storage MW and MWh)

: Storage MW and MWh
\ Pechanga A,uld/

\ Total /-/T otal

Year\ Battery Size~ Battery Size
MW /M’Wh MW MWh

2021
2026 /<1q

e

2031 36 \\279 28 227
2036/// N 61 48
2041 54 491
2046 18 \\131
/ TotalBatterySize 371 MW/ 2542 MWh
./ (including contingency) i

Total Battery Size

e [ e
(vw | omwh | vw | mwh
110 433

2021

2026 64 436

2031 36 279 28 227
2036 61 485
2041 54 491
2046 18 191

Total Battery Size (including contingency):
371 MW / 2542 MWh
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o

| Table 5-50. Storage Sizing and Siting — Effective PV Forecast (Storage MW and MWHh)

et -
I

Storage MW and MWh

\ Pechanga

2022
2027
2032
2037 153
2042 46" 375
, /‘f otlBatiery e 273 MW/ 1666MWh

(including contingency)

e

Total Battery Size

I TR

L vw | mwh | mw ] vwh |
71 216

2022

2027 47 281

2032 57 377

2037 34 264 18 153
2042 46 375

Total Battery Size (including contingency):
273 MW/ 1666 MWh

CONFIDENTIAL/PROPRIETARY © 206192021 QUANTA TECHNOLOGY, LLC G-2, Page 312



C\z/ QUANTA REPORT (V2)
@\ TECHNOLOGY

DELIVERABLE 3: BENEFIT COST ANALYSIS OF THE ALTERNATIVES PROJECTS | SCE

Table 5-51. Storage Sizing and Siting — PVWatts Forecast (Storage MW and MWh)

.

NNl storage MW and MWh - PVWatts
\ Pechan@/

-~

\\\ TotaI/Ba/ttery
“Year _~~ Size

MW  Mwh

2022 < 68 216

20077 N[5
2032 46 237
2037 45 286

e 2042 38 29
,/ Total Battery Size 202mMwW/
e (including contingency) 1069 MWh .

Total Battery Size

L omw ] mwh

2022 68 216
2027 5 31

2032 46 237
2037 45 286
2042 38 299

Total Battery Size (including contingency):
202 MW/ 1069 MWh

Figure 5-9 presents a high-level representation of the proposed configuration. The proposed configuration
would loop into or tap along the Pechanga to Pauba circuit and Auld to Moraga circuit.
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Valley Substation
{EFG Bus|

e

Fagarty Sun City
Weweamb - P

Elsinare

shylark

LEGEMD
Transmission Substatian

Auld
Distribution Substatian Tenaja Hew Energy Storage
suhstation

Customer Suhstation ¥l &2

Battery Energy
Starage System

Enisting 220 kV Line

e 220 KV Line Stadler Pauba
Existing 115 k¥ Line

foew 115 k¥ Line

R N

Joway Tap

rarmally Open Crcuit

Neww Energy Storage Substatian
O Breaker [3ystem Tie)

Maraga
Pechanga

Figure 5-9. Energy storageStorage at Pechanga and/or Auld Substation
as part of the Centralized BESS in the Valley South preject-seepe-Project Scope
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5.3.7.2 System Performance under Normal eenditionsConditions (N-0)

Findings from the system analysis under N-0 conditions are presented in Table 5-52 for the Effective PV
Forecast, Table 5-53 for the Spatial Base Forecast, and Table 5-54 for the PVWatts Forecast.

Table 5-52. Centralized BESS in Valley South N-0 System Performance (Effective PV Forecast)—

Year Losses
(MWh)

0 0 0 48,531

2028 0 0 0\ 0 0 0 50,808
2033 0 o v 0 0 0 52,705
2038 0 /9/ 0 0 0 54,602
2043 0 0 0 0 56,499
//D/ 0 0 \Z\h\w

298/ 0 0 0

Losses

(MWh)
2022 0 0 0 48,531
2028 0 0 0 50,808
2033 0 0 0 52,705
2038 0 0 0 54,602
2043 0 0 0 56,499
2048 0 0 0 58,396

Table 5-53. Centralized BESS in Valley South N-0 System Performance (Spatial Base Forecast)—

Y CAIDI
So (hr) {hr}

2021 0 48,908
2022 0 0 \\</ 0 0 49,636
2028 0 0 0 0 0 0 52,664
/ / =

2033 0 o _— o 0o T~ 0 0 55,188
2038 0 /ﬁ 0 0 o\\\\_ 0 57,711
2043 0 0 0 0 o e023s

0 0 0 0 0 0 o278
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Year LAR Losses

(MWh) (MWh)
2021 0 0 0 48,908
2022 0 0 0 49,636
2028 0 0 0 52,664
2033 0 0 0 55,188
2038 0 0 0 57,711
2043 0 0 0 60,235
2048 0 0 0 62,758

Table 5-54. Centralized BESS in Valley South N-0 System Performance (PVWatts Forecast)—

Year CAIDI Losses
(ht) (MWh)

2022 48,531

2028 0 0 \ 3_/e 0 0 50,808

2038 0 /o/ 0 \_ 0 52,037
203 /u/ 0 0 0 \ 53618
2(38/ 0 0 0 0 0 \55199\

Year Losses
(MWh) (MWh)

2033 0 o /9/ \_H 0 0 50,455
0
0
0

2022 0 0 48,531
2028 0 0 0 50,808
2033 0 0 0 50,455
2038 0 0 0 52,037
2043 0 0 0 53,618
2048 0 0 0 55,199
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5.3.7.3 System Performance under Normal Conditions (N-1)

Findings from the system analysis under N-1 conditions are presented in Table 5-55 for the Effective PV
Forecast, Table 5-56 for the Spatial Base Forecast, and Table 5-57 for the PVWatts Forecast.

Table 5-55. Centralized BESS N-1 System Performance (Effective PV Forecast)

) Deficit | Deficit | Deficit |
Year EENS SAIEN Flex-1 Flex-2-1 Flex-2-2
(MWh) {hr) _ (MWh) (MWh) (MWh)
0 0 ol e G ‘

2022 1,868 192,865 57,793 0
-
2028 0 0 0.00 0.00 >< 5,564 201,538 74,566 0
2033 0 0 0.00 /em/ 0 8, 210,603 94,113 0
- T
2038 0 0 /ﬁo 0.00 0 11,723 220, 116,383 0
2043 o//o 0.00 0.00 0 14,802 228,568 579 0
2048,/0 0 0.00 0.00 0 17,882 234,771 153»54§\x 0

LAR Deficit Deficit Deficit
Year (MWh) Flex-1 Flex-2-1 Flex-2-2
(MWh) (MWh) (MWh)

2022 0 0 0 39,866 127,935 2,150
2028 0 0 0 100,979 133,688 2,781
2033 0 0 0 151,907 139,702 3,504
2038 0 0 0 202,835 145,991 4,362
2043 0 0 0 253,763 151,619 5,166
2048 0 0 0 304,690 155,733 5,772

Table 5-56. Centralized BESS N-1 System Performance (Spatial Base Forecast)

Deficit Deficit

Year Flex-1 Flex-2-1 Flex-2-2
(Mwh) (MwWh)

2021 0 194,613 60,963 0
2022 0 197,970 67,380 0
2028 0 0 211,637 96,459 0
2033 0 0 122,423 0
2038 0 0 149,725 0
2043 D/ 0.00 0.00 0 52,643 242,925 12 0
2048%1 7 0.73 0.07 4 63,638 251,122 198,9 13.K 10

Year LAR Deficit Deficit Deficit
(MWh) Flex-1 Flex-2-1 | Flex-2-2
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2021 0 0 0 39,866 129,095 2,253
2022 0 0 0 52,459 131,322 2,486
2028 0 0 0 128,019 140,388 3,577
2033 0 0 0 190,985 147,622 4,567
2038 0 0 0 253,952 154,744 5,595
2043 0 0 0 316,918 161,142 6,584
2048 31 7 4 379,885 166,580 7,466

Table 5-57. Centralized BESS N-1 System Performance (PVWatts Forecast)

Deficit | Deficit | Deficit

Year Flex-1 | Flex-2-1 | Flex-2-2 | cAIDI
(MWh)

2022 0 0 0 H‘xo oﬂss 192,865 57,793 0

2028 0 0 0.00 0®<f 0 5,564 201,538 74,566 0

2033 0 0 0‘00//0‘00 \o\x\s,g 201,766 75,038 0

T
2038 0 0 /Aoo 0.00 0 9,153 \*20&&43

91,958 0

2043 0 ﬂ 0.00 0.00 0 11,430 216,849 8,598 0
2048,/0 0 0.00 0.00 0 13,706 221,946 120»9\3\9\&“ 0

Year

LAR Deficit Deficit Deficit
(MWh) Flex-1 Flex-2-1 Flex-2-2
(MWh) (MWh) (MWh)

2022 0 0 0 39,866 127,935 2,138
2028 0 0 0 57,449 133,688 2,765
2033 0 0 0 72,101 133,840 2,780
2038 0 0 0 86,753 139,065 3,404
2043 0 0 0 101,405 143,845 4,047
2048 0 0 0 116,058 147,226 4,516

In analyzing the Centralized BESS in Valley South Project, the following constraints (Table 5-58) were found
to be binding under N-0 and N-1 conditions. These are the key elements that contribute to the EENSLAR
among other reliability metrics under study (reported from need year and beyond).

In Table 5-58, only thermal violations associated with each constraint are reported.

CONFIDENTIAL/PROPRIETARY © 206192021 QUANTA TECHNOLOGY, LLC G-2, Page 318



C!) QUANTA REPORT (V2)
' TECHNOLOGY

DELIVERABLE 3: BENEFIT COST ANALYSIS OF THE ALTERNATIVES PROJECTS | SCE

Table 5-58. List of Centralized BESS in Valley South Project Thermal Constraints

Outage Spatial Base Effective PV
Overloaded Element Outage Definition
Category Year of Overload

Valley EFG-Newcomb-

Valley EFG-Tap 39 N-1 Skylark 2048 - -

Tap 39-Elsinore N-1 Vel A7 R el 2048 - ;
Skylark

Valley EFG-Tap 22 #1 N-1 Valley EFG-Newcomb 2048 - =

Skylark-Tap 22 #1 N-1 Valley EFG-Elsinore- 2048 - :
Fogarty

Moraga-Tap 150 N-1 Skylark-Tenaja 2048 - -

5.3.7.4 Evaluation of Benefits

The established performance metrics were compared between the baseline and the Centralized BESS in
Valley South Project to quantify the overall benefits accrued over the 30-year study horizon. The benefits
are quantified as the difference between the baseline and the Centralized BESS in Valley South.

The eumutativeaccumulative value of the benefits aceumulated-over the 30-year horizon areis presented
in Table 5-59 belew-for alithe three forecasts.
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Table 5-59. Cumulative Benefits — Centralized BESS in Valley South

Category

Component

Cumulative Benefits

over

30-year horizon
(until 2048)
PVWatts Forecast

Cumulative Benefits
over
30-year horizon

(until 2048)
Effective PV

Losses (MWh) 52,822.43 50}85?7
N-1 EENS {M@ﬂ\ 6,374.80 ﬁ'i,saa.ao
N-1 P (MW) \\\ 466.50 / 780.05
N-1 SAIDI (hr) ‘ 585.07 1,379.19
N-1 SAIFI ">o.\/4§ 18.89
N-1 PFD (hr) e ' 1,320.%\ 1,999.00
N-1 Flex-1 (MWh) T 30280775 '\\_ 510,722.46
N-1 Flex-2-1 {Mym/ . \ i
N-1 Fiex-/z-zﬁdwm 21,738.28 53025.\37
N-0 ﬁéNs (MWh) 22,750.50 ss,saojtk
N | P (MW) 2,713.40 4,056.40
No~ SAIDI (hr) 44538 3,267.62

SAIFI 16.61 6022

N-0 PFD (hr) 41050 815.00

Category

N-0
N-1
N-1
N-1
N-1
N-1
N-1
N-0
N-0
N-0

Component

Losses (MWh)
LAR (MWh)
IP (MW)
PFD (hr)
Flex-1 (MWh)
Flex-2-1 (MWh)
Flex-2-2 (MWh)
LAR (MWh)
IP (MW)
PFD (hr)

Cumulative Benefits
over 30-year Horizon

Cumulative Benefits
over 30-year Horizon

(until 2048) (until 2048)
PVWatts Forecast Effective PV Forecast Spat
52,822 50,796
6,375 21,684
467 780
1,320 1,999
2,757,800 3,190,086
834 1,487
22,751 56,581
2,713 4,056
411 815

Cumulative
Benefits over
30-year horizon
{until 2048)

Spatial Base
Forecast

67,205.68
73,274 .95
1,375.05
10,728.97
65.15
3,455.50
460,154.62
135,096.52
140,938.80

\\_ 6,290.90

13,3@_.66

Cumulative Benefits
over 30-year Horizon

(until 2048)
ial Base Forecast

67,206
73,275
1,375
3,456
21,406,139

5,182
140,939
6,291
1,617

The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by

the
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t—he—Centrallzed BESS in Valley South Project. The project prowdes S|gn|f|cant rellef addressmg the N-0 and
N-1 needs in the Valley South systemSystem. However, the solution does not offer any flexibility in terms
of system tie-lines and capabilities to support planned, unplanned-and, or emergency conditions in the
system. The batteries alone cannot complement the system needs during high-impacttowprobabilityHILP
events since they are not configured to operate as miere-grids—ermicrogrids, nor are they a viable
alternative to system tie-lines for extended events of extended duration.

5.3.7.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

1. With the project in service, overloading on the Valley South transformer is avoided in the near--term
and long-term horizon. Across all sensitivities, the benefits range betweenfrom 22.7 to 140.9 GWh of
avoided LAR.

&2-Minimal N-1 overloads are observable in the long-term horizon for all forecasts. EENS-

asts=With the project in
service, the N-1 EENSLAR beneflts in the system range from 6.3t073.2 GWh through all forecasts.
8-3.The project provides limited flexibility to address planned, unplanned, or emergency outages in the
system and high-impacttowprobabilityHILP events that occur in the Valley South System.
9.4.Due to HILP events affecting Valley Substation, the project is unable to serve incremental load in the
Valley South System. The BESS installed capacity cannot be effectively be translated to any benefits
due to limited opportunities for charging that could reasonably be expected during HILP events.

10:5. Overall, the Centralized BESS in Valley South Project did not demonstrate comparable levels of
performance to the ASP in addressing the needs identified in the Valley South System service territory.
While the project addressed N-O and N-1 needs across the horizon, the solution offers limited
flexibility benefits with higher implementation costs.

5.3.8 Valley South to Valley North and Distributed BESS in Valley South project (Project I)

The objective of this project is to transfer Newcomb and Sun City Substations to Valley North (identical to
Project F) along with the procurement of distribution-system connected BESS (YtHity-utility-scale DER) in
the Valley South System. In this analysis, a load transfer from the Valley South System to the Valley North
System precedes the investment in a distributed BESS. Initial screening studies demonstrated that the
load transfer would result in minimal line overloads (N-0 and N-1) in the Valley North systemSystem,
however, transformer loading would be at risk of exceeding rated capacity. Due to this, only the EENSLAR
(N-0) reliability metric was amended to include monitoring loading of the Valley North transformers.
Potential N-1 impacts on the Valley North systemSystem have not been considered in the metrics. The
project has been evaluated under the need year®**; 2021/2022 (depending on the need year from forecast
under study), 2028, 2033, 2038, 2043, and 2048. Each of the reliability metrics established byin Section
3.2.4 havehas been calculated using the study methodology outlined byin Section 3.2.3.
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5.3.8.1 Description of Project Solution

The proposed project would include the following components:

The proposed project would transfer the loads at Newcomb and Sun City Substations from the Valley
South System to the Valley North Systemsystem through new 115 kV construction and
reconfiguration.

Normally--open circuit breakers at the Valley South Systemsystem bus and at Sun City Substation are
maintained as system tie-lines between the Valley North Systemsystem and the Valley South System
for transfer flexibility.

Storage investments are made in 5-year increments during identified need years when the Valley
South System transformers exceedsexceed their rated capacity. The initial need year is identified as
2036 and 2043 in the Spatial Base and Effective PV ferecastsForecasts, respectively. No procurements
are required in the PVWatts fereeastForecast.

Storage investments totaling 50 MW are made at Auld, Elsinore, and Moraga Substations, which have
been identified as having sufficient space to likely accommodate on-site BESS installations. The
50- MW total of BESS was modeled as 10 MW at Auld, 20 MW at Elsinore, and 20 MW at Moraga
Substation.

Reconductor approximately 7.7 miles of existing Auld—Moraga 115 kV line to 954 ACSR conductors.

Figure 5-10 presents a high-level representation of the proposed configuration.

VS to VN and
—‘ Distributed BESS in VS
Valley Substation [ABC Bus|
Valley Substation |EFG Sus)
hergh -T ?
—— al e
r—
] L
Fogarty N o ;i sun ciry
L o sewcam| b ——
——

LEGEND
B Transmision Substation

B Dstribution Substatian
I
it

\on Substation

[ customer Substation

Existing 220 kV Line

Pew 220 k¥ Line

Eulsting 115 K Line

Piew 115 kY Line

Aeconductor 115 kv Line:

®  wymn

Narmally Cpen Circuit
O areaker (system Tie)

Schematic Representation. Not to scale.

Figure 5-10. Tie-lines between Valley South and Valley North and Distributed BESS in Valley South Project
seepe-Scope
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5.3.8.2 System Performance under Normal eenditionsConditions (N-0)

Findings from the system analysis under N-0 conditions are presented in Table 5-60 for the Effective PV
Forecast, Table 5-61 for the Spatial Base Forecast, and Table 5-62 for the PVWatts Forecast.

—Table 5-60. Valley South to Valley North and Distributed BESS in Valley SeuthNSouth N-0 System Performance
(Effective PV Forecast)

Ve CAIDI Losses
(hr} (MWh)

49,328
2028 0 0 / 0 51,777
2033 0 0 /o/ 0 53817
208 1% w21 o0 \\ 55,858
2043 ;8 17.296 0.910 19 ' 57,808

2%8//2,567 156 139.417 2.099 57 66 \ss,aQ

Year Losses
(MWh) (MWh)

2022 0 49,328
2028 0 0 0 51,777
2033 0 0 0 53,817
2038 136 14 4 55,858
2043 775 43 19 57,898
2048 2,567 156 57 59,923

Table 5-61. Valley South to Valley North and Distributed BESS in Valley South N-0 System Performance
(Spatial Base Forecast)

Your CAIDI Losses
{hr} (MWh)

49,723

2022 0 0 \n\ y o 0 50,479
2028 0 0 0 >§u\ 0 0 53,801
2033 305 6 4652 0607 .13 0 56,568
2038 238 143 140.282 2.807 51 "~ 0 59,310
2043 /Bﬂ/ 253 871.407 9.143 102 XH 62,034

2048 16176 371 2773.833 13.245 159 0 o749
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Year Losses
(MWh) (MWh)

2021 49,723
2022 0 0 0 50,479
2028 0 0 0 53,801
2033 305 56 13 56,568
2038 2,388 143 51 59,310
2043 7,789 253 102 62,034
2048 16,127 371 159 64,749

Table 5-62. Valley South to Valley North and Distributed BESS in Valley South N-0 System Performance
(PVWatts Forecast)

Year CAIDI Losses
(hr} (MWh)

2022 49,328
2028 0 \\/D/ 0 50,960
x

2033 0 0 //n/ = 0 51,342
2038 0 o o000 0.000 6\\\\\ 0 53,028

=
2043 / 49 0.706 0.118 6 o\_h 54,713
2048 754 202 17.871 0.941 19 0 56,

Year Losses

(MWh)

2022 0 0 0 49,328

2028 0 0 0 50,960

2033 0 0 0 51,342

2038 0 0 0 53,028

2043 94 49 6 54,713

2048 750 202 19 56,399
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5.3.8.3 System Performance under Normal Conditions (N-1)

Findings from the system analysis under N-1 conditions are presented in Table 5-63 for the Effective PV
Forecast, Table 5-64 for the Spatial Base Forecast, and Table 5-65 for the PVWatts Forecast.

Table 5-63. Valley South to Valley North and Distributed BESS in Valley South N-1 System Performance
(Effective PV Forecast)

] Deficit | Deficit | Deficit
Year Flex-1 Flex-2-1 | Flex-2-2
HERENEEE
2022 6 3 O\XG 3 /3;8(( 192,865 15,864 3

2028 58 15 0.42 0‘053{ 11,342 201538 22,946 8

32,011 19

018 19 M 210,603

p— P
2038 605 /33/ 2119 0.56 39 23,898

-

2033 192 28 3.28

43,191 37

2043 47 70.69 1.18 64 29,331 228,568 27 60
2,087 87 167.36 1.94 92 31,383 234,771 64,235 R\\Qﬁ
Deficit Deficit Deficit
LAR
Year (MWh) Flex-1 Flex-2-1 Flex-2-2
(MWwh) (MWh) (MWh)
2022 0 0 0 17,489 127,935 571
2028 0 0 0 44,298 133,688 843
2033 4 2 2 66,640 139,702 1,161
2038 103 14 19 88,981 145,991 1,586
2043 324 18 45 111,322 151,619 2,025
2048 614 23 80 133,664 155,733 2,366

Table 5-64. Valley South to Valley North and Distributed BESS in Valley South N-1 System Performance
(Spatial Base Forecast)

Deficit Deficit Deficit
Year S Flex-1 Flex-2-1 Flex-2-2
(hr (MWh) (MWh) (MWh)

2021 }39/ 194,613 17,164 a

2022 32 10 0 6,425 197,970 19,844 5
2028 216 28 4 o//za 9544

211,637 33,148 23
2033 778 42 29// 1 44 30,477 22,543 46,386 41

2038 1,816 so//ias 2 85 38,032 233,2 60,818 81
2043 3,686//77 430.95 3.44 128 44,742 242,925 137 125
2048,/6,612 135 949.35 5.61 176 51,452 251,122 89,857 169

Deficit Deficit Deficit
“ﬂ Flex-1 | Flex-2-1 | Flex-2-2
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L vwn J vw) | bo | vwh) ] vwh) | vwh) |
0

2021 0 0 17,489 129,095 616

2022 0 0 0 70,726 131,322 715

2028 4 2 2 390,153 140,388 1,202
2033 156 18 22 656,341 147,622 1,710
2038 488 23 69 922,530 154,744 2,247
2043 1357 33 155 1,188,719 161,142 2,823
2048 2506 65 243 1,454,907 166,580 3,320

Table 5-65. Valley South to Valley North and Distributed BESS in Valley South N-1 System Performance
(PVWatts Forecast)

Deficit Deficit Peﬁcut
Flex-2- | Flex-2-
Flex-1 .
i 2
Mwh} (Mwh) | (Mwh)
6 3 0 0 //
58 15 0.42 /um

2022
2028

2033 61 15 4~ 006 8 \rﬂaz\ 201,766 23,155 8
2038 168 /z/:.so 0.15 17 15,334 hrw\ 30,979 17
2043 430 36 11.51 0.40 30 18,936 216,849 M 29

204{ 733 41 28.01 0.68 44 22,538 221,946 45,597 41

<~
LAR Deficit Deficit Deficit
Year MW Flex-1 Flex-2-1 Flex-2-2
( ) (MWh) (MWh) (MWh)
0 0

2022 0 17,489 127,935 571
2028 0 0 0 43,874 133,688 843
0
1

3,808 192,865 15,864 3
11,342 201,538 22,946 8

2033 0 0 65,861 133,840 850

2038 0.4 0.4 87,849 139,065 1,122
2043 47 10 11 109,836 143,845 1,426
2048 138 17 22 131,824 147,226 1,679

In analyzing the Valley South to Valley North and Distributed BESS in Valley South prejectProject, the
following constraints (Table 5-66) were found to be binding under N-0 and N-1 conditions. These are the
key elements that contribute to the EENSLAR among other reliability metrics under study (reported from
2022 and beyond).

In Table 5-66, only thermal violations associated with each constraint are reported.
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| Table 5-66. List of Valley South to Valley North and Distributed BESS in Valley South project Thermal Constraints

Outage Outage Spatial Base | Effective PV PVWatts

Overloaded Element

Category Definition Year of Overload
Valley South N-0 N/A (base case) 2036 5043 i
Transformer
Valley North N-0 N/A (base case) 2030 i
Transformer
‘ Auld-Meraga#1 NO N/A-{basecase} 2038 = =
Auld-Moraga #2 N-1 Auld-Moraga #1 2033 2038 2043
‘ Auld-Moraga#1 R Auld-Moraga#2 202 2022 elaialel
Valley EFG-
Valley EFG-Tap 39 N-1 NaeT 2043 - -
. Valley EFG-
Tap 39-Elsinore N-1 e e 2033 2038 2043
Moraga-Tap 150 #1 N-1 Skylark-Tenaja 2043 - -
Skylark-Tap 22 #1 N-1 Valley EFG- 2033 2038 2043
Elsinore-Fogarty
Valley EFG-Triton #1 N-1 Moraga- 2043 2043 ;
Pechanga
Auld-Moraga##d P ValeyEFG-Triton 2042 = -
Moraga-Pechanga N-1 Valley EFG-Triton 2028 2033 -

5.3.8.4 Evaluation of Benefits

The established performance metrics were compared between the baseline and the Valley South to Valley
North and Distributed BESS in Valley South Project to quantify the overall benefits accrued over a 30-year
study horizon. The benefits are quantified as the difference between the baseline and the project for each
of the metrics.

The eumutativeaccumulative value of the benefits aceumulated-over the 30-year horizon areis presented
in Table 5-67 belew-for alithe three forecasts.
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Table 5-67. Cumulative Benefits — Valley South to Valley North and Distributed BESS in Valley South

Category

Component

Cumulative Benefits

N-0 LossehMM{h]
N1 EENS(MWh)
N-1 IP (MW)
N-1 SAIDI (hr)
N-1 SAIFI
N-1 PFD (hr)
N-1 Flex-1 (MWh)
N-1 Flex-2-1 {MWI'!)/
N-1 Flex-Z-ZWI
N-0 ;EN?{MWM
N-'V T pMw)
o SAIDI (hr)

" no SAIFI

N-0 PFD (hr)

over

30-year horizon
(until 2048)
PVWatts Forecast

26,508.24
600.25

1,585,237.85

20,123.90
1,909.80
388.94
13.32
327.50

Cumulative Benefits over 30-

over
30-year horizon

(until 2048)
Effective PV

Cumulative Benefits

Cumulative
Benefits over
30-year horizon

(until 2048)

Spatiai Base
Forecast

e
19,245.60 / 27,277.58

4,734/,1—5/
' AS.SO

399.28
Sl

45,850.48
3,415.74
2,871.72
49.36
561.09

Cumulative Benefits over 30-

22,620.65
-199.15
4,874.71
18.11
1,506.50
554,249.41

Cumulative Benefits over 30-

Category Component year Horizon (until 2048) year Horizon (until 2048) year Horizon (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast

N-0 Losses (MWh) 26,508 19,245.60 27,277.58

N-1 LAR (MWh) 5,724 17,090.60 55,520.05

N-1 IP (MW) 366 526.95 790.25

N-1 PFD (hr) 1,196 1,389 1,459

N-1 Flex-1 (MWh) 2,847,054 5,801,041 6,669,106

N-1 Flex-2-1 (MWh) - - -

N-1 Flex-2-2 (MWh) 59,402 69,408 88,541

N-0 LAR (MWh) 20,124 45,854 45,131

N-0 IP (MW) 1,910 3,416 2,967

N-0 PFD (hr) 328 561 330
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The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by
the Valley South to Valley North and Distributed BESS in Valley South Project. Fhe-By design, the project
by-designa-includes a permanent transfer of large load centers from the Valley South System during the
initial years. This provides significant N-0 system relief in the Valley South System, but at the expense of
limited operational flexibility. The presence of a distributed BESS solution in the Valley South System
alleviates the capacity needs in the Valley South System in the Effective PV effectivefereeastForecast, but
not under the Spatial Base ferecastForecast sensitivity. Additionally, the transformer overload condition

5.3.8.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

1. With the project in service, overloads on the Valley South System transformers are avoided in the
near-term and long-term horizon until the year 2033. However, the transfer of loads resultresults in
overloads on the Valley North System transformers by the year 2037. Under N-0, EENS-e£-2,600 MWh
of LAR is recorded in the P\~Effective PV Forecast for 2048, and 16,200 MWh is recorded under the
Spatial Base fereeastForecast sensitivity. Across all sensitivities, the benefits range betweenfrom 20.1
to 44-945.1 GWh of avoided EENSLAR.

2. N-1 overloads are observable in the near-term and long-term horizons for all forecasts. With the
project in service, the N-1 EENS-benefits in the system range from 6:65.7 GWh to 22:655 GWh through
all forecasts.

3. The project provides limited flexibility to address planned, unplanned, or emergency outages in the

system and high-impacttowprobabilityHILP events that occur in the Valley South System.

4. Should a HILP event affect Valley Substation, this solution is unable to serve incremental load in the
Valley South Systemsystem by leveraging the capabilities of system tie-lines. Additionally, the BESS
capacity cannot be effectively translated to any benefits due to the reasonably expected limited
opportunities for charging during HILP events.

| 5. Overall, the Valley South to Valley North and Distributed BESS in Valley South Project did not
demonstrate comparable levels of performance in addressing the needs identified in the Valley South
System service territory. The project offers limited advantages in addressing the short-term and long-
| term needs of the system.

5.3.9 SDG&E and Centralized BESS in Valley South (Project J)

This project proposes to construct a new 230/115 kV substation provided power by the San-Diego-Gas&
EleetrieSDG&E transmission system (identical to Project B). This solution is coupled with Centralized BESS
in Valley South (identical to Project H) to provide further relief over the long-term horizon. The project
has been evaluated under the need year®; 2021/2022 (depending on the need year from the forecast
used for the study), 2028, 2033, 2038, 2043, and 2048. Each of the reliability metrics established byin
Section 3.2.4 havehas been calculated using the study methodology outlined byin Section 3.2.3.
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5.3.9.1 Description of Project Solution

| The proposed project would transfer Pechanga and Pauba substatieasSubstations to a new 230/115 kV
transmission substation receiving 230 kV service from the SDG&E electric system. The proposed project
would include the following components:

1.

PointThe point of interconnection would be a new 230/115 kV substation between the SCE-owned
Pechanga Substation and SDG&E-owned Talega-—Escondido 230 kV transmission line to the south.
Two 230/115 kV transformers (one load-serving and one spare).

New double-circuit 230 kV transmission line looping the new substation into SDG&E’s Talega—
Escondido 230 kV transmission line.

New 115 kV line construction to allow the transfer of Pechanga and Pauba Substations from Valley
South to new 230/115 kV substation.

Create system tie-lines between the new 230/115 kV system and the Valley South System through
normally—open circuit breakers at SCE’s Triton and Moraga Substations to provide operational
flexibility and to accommodate potential future additional load transfers.

Rebuild of existing Pechanga Substation and/or expansion of existing property at Pechanga Substation
to accommodate required new 115 kV switch rack positions.

BESS would be installed near Auld Substations following the construction of necessary 115 kV
substation facilities and 115 kV line reconfiguration.

Storage investments are made in 5-year increments during identified need years when the Valley
South System transformers exceedsexceed their rated capacity. The following storage sizes have been
established and detailed in Table 5-68 tethrough Table 5-70-belew, for all forecasts.

Sizing analysis has been performed for all forecasts on a 5-year outlook (i.e., in the year 2021,
investments are made to cover the 5-year horizon till 2026-).

At each site, a contingency reserve is-maintained-of 10 MW / 50 MWh in-aceerdance-withis maintained
per SCE planning criteria and guidelines for N-1 conditions.
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| Table 5-68. Storage Sizing and Siting — Effective PV Forecast (Storage MW and MWHh)

—
= e
- -

Iy Storage MW and MWh - Effective PV Forecast gl
A
Battery Size

MW MWh

-

. i N
. Tota.l Batter}r Size 90 MW/319 MWh e
o (including contingency) e

Total Battery Size

2039 65 189

2044 25 130

Total Battery Size (including contingency):
90 MW/319 MWh

Table 5-69. Storage Sizing and Siting — Spatial Base Forecast (Storage MW and MWh)

Storage MW and MWh - Spatial Base /

i Total Battery Size gy
(including contingency) 187 MW/908 MWh

Total Battery Size

2033 82 262
2038 56 323
2043 49 323
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Total Battery Size (including contingency):
187 MW/908 MWh

Table 5-70. Storage Sizing and Siting — PVWatts Forecast (Storage MW and MWh)

S -

™~ Storage MW and MWh - PVWatts e

d

otal Battery Size
MWh
. Mx\h
_ Tota:i Battery Size 20 MW/64 MWh
e (including contingency) R
s b

Total Battery Size
20 64

Total Battery Size (including contingency):
20 MW/64 MWh

2048

Figure 5-11 presents a high-level representation of the proposed configuration.
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| Figure 5-11. SDG&E and Centralized BESS in Valley South Project Scope
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5.3.9.2 System Performance under Normal eenditionsConditions (N-0)

Findings from the system analysis under N-0 conditions in the system are presented in Table 5-71 for the
Effective PV Forecast, Table 5-72 for the Spatial Base Forecast, and Table 5-73 for the PVWatts Forecast.

Table 5-71. SDG&E and Centralized BESS in Valley South N-0 System Performance (Effective PV Forecast)

Year Losses
(MWh)

0 0 0 44,182
2028 0 0 0\ 0 0 0 46,553
2033 0 o v 0 0 0 48,529
2038 o = o 0 0 50,505
2043 | s 0 0 0 0 \9\‘& 51,023
2048 0 0 0 0 0 0 \51,133

Losses
(MWh)

Year

2022 0 0 44,182
2028 0 0 46,553
2033 0 0 48,529
2038 0 0 50,505
2043 0 0 51,023
2048 0 0 51,176

Table 5- 72 SDG&E and Centralized BESS in Valley South N-0 System Performance (Spatial Base Forecast)

Yoo CAIDI Losses
{hr} (hr) (Mwh)

2021 0 0 44,182
2022 0 0 \\</ g 0 as,715
2028 0 0 0= 0 0 0 46,963
2033 0 0 —"0 0o 0 0 48,837
] B ;
2038 o _—0 0 0 0 0 50,687
— "“‘--H_
2043 0 0 0 0 ox 52,537
0 0 0 0 0 0 ey

Year LAR Losses
(Mwh) (MWh)
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2021 0 0 0 44,182
2022 0 0 0 44,715
2028 0 0 0 46,963
2033 0 0 0 48,837
2038 0 0 0 50,687
2043 0 0 0 52,537
2048 0 0 0 54,387

Table 5- 73 SDG&E and Centralized BESS in Valley South N-0 System Performance (PVWatts Forecast)

Year CAIDI Losses
(hi) (MWh

2022 44,182
2028 46,553

2033 0 0 /o/ -NH 0 0 45,310
2038 0 /D/ 0 0 ol 0 46,470

2043 /u/ 0 0 0 0 o 4763
—
2048 0 0 0 0 0 0 \48:190\

Year Losses
(MWh) (MWh)

(=
=
7
(=]
(=]

2022 0 0 44,182
2028 0 0 0 46,553
2033 0 0 0 45,310
2038 0 0 0 46,470
2043 0 0 0 47,630
2048 0 0 0 48,790
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5.3.9.3 System Performance under Normal Conditions (N-1)

Findings from the system analysis under N-1 conditions in the system are presented in Table 5-74 for the
Effective PV Forecast, Table 5-75 for the Spatial Base Forecast, and Table 5-76 for the PVWatts Forecast.

Table 5- 74 SDG&E and Centralized BESS in Valley South N-1 System Performance (Effective PV Forecast)

EENS SAIDI
(MWh) {I"r}

Deficit
Flex-1

(MWh)

2022 1,523

2028 0 0 0.00 0.00 ></ 3,969

2033 0 0 000 000 o 6
/

2038 0 0 /ﬁo 0.00 0 8,045

2043 0//0 0.00 0.00 0 16,628

2048,/0 0 0.00 0.00 0 26,848

2022
2028
2033
2038
2043
2048

LAR
(MWh)

o O O o o o
o O O ©o o o

Deficit
Flex-1

(MWh)

16,761
42,455
63,867
85,279
106,690
128,102

O O o o o o

Deficit
Flex-2-1
(MWh)

57,104
63,631

70,782

91,166

Deficit
Flex-2-1
(MWh)

15,152
17,895
21,123
24,949
28,757
31,740

Deficit
Flex-2-2
(MWh)

12,006
17,792

25,448

Deficit
Flex-2-2
(MwWh)
431
639
932
1,282
1,672
1,990

==y

Table 5-75. SDG&E and Centralized BESS in Valley South N-1 System Performance (Spatial Base Forecast)

Deficit
Flex-1

Deficit
Flex-2-1

Deficit
Flex-2-2

2021 0
2022 o
2028 ©
2033 0
2038 o0
2043
2048 0

0 0 i\n\
0 0 0

0 0

0 | 0// 0
oo 0

0 000 0.0
0 000 0.0

PFD
(hr)

\£<

(MWh)

5,668

(MWh)

}ﬂ/ 58,391

60,909

o 692 71,622
0 26,300 80,726
0 35,679 89,8

0 38,756 98,133
0 40,257 105,137

(MWh)
13,056
15,232
26,413

37,913

51,367

o O O O O O O
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LAR Deficit Deficit Deficit
Year (MWh) Flex-1 Flex-2-1 Flex-2-2
(MWh) (MWh) (MWh)

2021 0 0 0 16,761 15,677 468
2022 0 0 0 29,302 16,727 545
2028 0 0 0 104,551 21,517 958
2033 0 0 0 167,259 26,018 1,380
2038 0 0 0 229,966 31,008 1,889
2043 0 0 0 292,674 35,874 2,409
2048 0 0 0 355,381 40,207 2,924

Table 5-76. SDG&E and Centralized BESS in Valley South N-1 System Performance (PVWatts Forecast)

mm
2022 0 0 0

2028 0 0 0.00 0.00

2033 0 0 000 000 0 63,808 17,964 0
/ —

2038 0 0 //ﬁo 0.00 0 13,100 %no:\ 24,567 0

Deficit Deficit Deficit -

Flex-1 Flex-2-1 Flex-2-2 CAIDI

(MWh) (MWwh) (MWh)
\9\ 0

57,104 12,006 0
63,631 17,792 0

0.00 0.00 0 16,669 75,927 \3@3 0
0.00 0.00 0 19,840 80,218 3?,223\&“ 0

m E Deficit Deficit Deficit
(MWh) Flex-1 Flex-2-1 Flex-2-2

(MWh) (MWh) (MWh)
2022 0 0 0 16,761 15,152 428
2028 0 0 0 33,355 17,895 636
2033 0 0 0 47,182 17,971 641
2038 0 0 0 61,010 20,763 896
2043 0 0 0 74,838 23,589 1,146
2048 0 0 0 88,666 25,756 1,352

In analyzing the SDG&E and Centralized BESS in Valley South project, no constraints were found to be
binding under N-0 and N-1 conditions.

5.3.9.4 Evaluation of Benefits
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The established performance metrics were compared between the baseline and the SDG&E and
Centralized BESS in Valley South to quantify the overall benefits accrued over a 30-year study horizon. The
benefits are quantified as the difference between the baseline and the SDG&E and Centralized BESS for
each of the metrics.

The eurmutativeaccumulative value of the benefits aceumutated-over the 30-year horizon areis presented
in Table 5-77 belew-for alithe three forecasts.

Table 5-77. Cumulative Benefits — SDG&E and Centralized BESS

Cumulative Benefits Cumulative Benefits Cumt_llatwe
Benefits over
Lk over 30-year horizon
Category Component 30-year horizon (until 30-year horizon (until (until 2048)
2048) 2048) R
PVWatts Forecast Effective PV paUw! Dase
Forecast
—
Losses 195,515.19 214,367.05 / 249,946.93
N-1 EENS {MWh) \ 6,374.80 21,68;.80/ 73,367.35

N-1 IP (MW) \166 50 /7§0 05 1,396.95
N-1 SAIDI (hr) \97\ / 1,379.19 10,731.16

N-1 SAIFI 10.48 >< 18.89 6537

N-1 PFD (hi) 132006 . 1999.00 3,467.50

N1 Flec(MWh) 23663648 51951947 667,574.50

N1 Flex21(MWh) -~ 3,750849.98 3,785,438.88 3,975,283.83

N1 Flex-2-2 (MWh) 1,747,226.49 2,04380458 . 2,582,574.34

N-O  EENS(MWh) 22,750.50 56,580.70 "140938.80

No P (MW) 2,713.40 4,056.40 6,290.

o SAIDI (hr) 445.38 3,267.62 1480966
o SAIFI 16.61 60.22 150.00

N-0 PFD (hr) 410.50 815.00 1,617.00

Cumulative Benefits over Cumulative Benefits over Cumulative Benefits

- - 30-year Horizon 30-year Horizon over 30-year Horizon
SELRIAT | | LSS (until 2048) (until 2048) (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast
N-0 Losses (MWh) 195,515 214,367 249,947
N-1 LAR (MWh) 6,375 21,684 73,367
N-1 IP (MW) 467 780 1,397
N-1 PFD (hr) 1,320 1,999 3,468
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Cumulative Benefits over | Cumulative Benefits over Cumulative Benefits

Category Component 30-yea'r Horizon 30-yea'r Horizon over 30-y'ear Horizon
(until 2048) (until 2048) (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast
N-1 Flex-1 (MWh) 236,636 519,519 667,575
N-1 Flex-2-1 (MWh) 3,439,502 5,885,944 22,072,661
N-1 Flex-2-2 (MWh) 65,442 76,509 97,285
N-0 LAR (MWh) 22,751 56,581 140,939
N-0 IP (MW) 2,713 4,056 6,291
N-0 PFD (hr) 411 815 1,617

The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by
the SDG&E and Centralized BESS in Valley South Project. With the BESS investments, the range of benefits
areis substantial in the N-1 category and N-0 category. However, the flexibility benefits offered by the
solution are limited in comparison to the ASP.

5.3.9.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

1. With the project in service, overloading on the Valley South System transformers is avoided over the
near--term and long-term horizon. This trend is observable across all considered forecasts. Across all
sensitivities, the benefits range betweenfrom 22.7 to 140.9 GWh of avoided EENSLAR.

2. With SDG&E and Centralized BESS in Valley South Project in service, the N-1 EENSLAR benefits in the
system range from 6.3 to 73.3 GWh through all forecasts. With the incremental investment in BESS,
no N-1 overloads were observed in the system.

3. The project provides considerable flexibility to address planned and unplanned or emergency outages
in the system while also providing benefits to address needs under high-impacttowprebabilitythe
HILP events that occur in the Valley South System. However, these benefits are not as significant in
comparison to the ASP.

4. Should a HILP event occur and impact Valley Substation, the SDG&E and Centralized BESS in Valley
South Project is—able—tecan recover approximately 280 MW of load in the Valley South System by
leveraging the capabilities of its system tie-lines. The BESS installed capacity alone cannot be
effectively translated to any benefits due to the reasonably expected limited opportunities for
charging during HILP events.

5. Overall, the SDG&E and Centralized BESS Project did not demonstrate comparable levels of
performance to the ASP in addressing the needs identified in the Valley South System service territory.
The project design offers several advantages that are mostly realized in combination with storage
investments.
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5.3.10 Mira Loma and Centralized BESS in Valley South project (Alternatives K)

The objective of this alternative is to take advantage of the Mira Loma system to provide a new source of
supply into the Valley South service area. To address capacity needs across the 30-year horizon, this
solution is coupled with Centralized BESS in Valley South. This is essentially a combination of Projects E
and H. The project has been evaluated under the need year®®; 2021/2022 (depending on the need year
from the forecast used for the study), 2028, 2033, 2038, 2043, and 2048. Each of the reliability metrics
established byin Section 3.2.4 havehas been calculated using the study methodology outlined byin Section
3.2.3.

5.3.10.1 Description of Project Solution

| 1. Construct a new 220/115 kV substation with two transformers (including a spare) and associated
facilities. The substation would be located near SCE’s existing Mira Loma Substation and would be
provided power by looping in an existing 220 kV line. The proposed project would construct new
| double-circuit 115 kV subtransmission lines from the new 220/115 kV substation to lvyglen Substation
in the Valley South System.
2. Transfer load at lvyglen and Fogarty Substations from the Valley South System to the new 220/115 kV
systemSystem created.
3. Creates two system tie-lines between Valley South and the new system at Valley Substation and
Fogarty Substation, respectively.
4. The proposed project would construct new double-circuit 115 kV subtransmission lines from the new
220/115 kV substation to Ivyglen Substation in the Valley South System.
5. Reconductor approximately 7.7 miles of existing Auld—Moraga 115 kV line to 954 ACSR conductors.
5:6.BESS would be installed near Pechanga or Auld Substations following the construction of necessary
115 kV substation facilities and 115 kV line reconfiguration.

6-7.The initial BESS would be constructed near Pechanga Substation with an ultimate design capacity of
200 MW. Once this maximum value is reached, a subsequent and similar installation would be
constructed near Auld Substation.

7#-8.Storage investments are made in 5-year increments during identified need years when the Valley
South System transformers exceedsexceed their rated capacity. The following storage sizes have been
established and detailed in Table 5-78 tethrough Table 5-80-belew, for all forecasts.

8.9.Sizing analysis has been performed for all forecasts on a 5-year outlook (i.e., in the year 2021,
investments are made to cover the 5-year horizon till 2026-).

9:10. Due to the radial design of the Valley South Systemsystem under the study, locating the BESS
interconnection near Pechanga or Auld Substations would not result in significant differences to N-0
system performance and reliability indices.

10-11. At each site, a contingency reserve is—maintained-of 10 MW / 50 MWh in—aceerdance—withis
maintained per SCE planning criteria and guidelines for N-1 conditions.
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| Table 5-78. Storage Sizing and Siting — Spatial Base Forecast (Storage MW and MWAh)
Storage MW and MWh - Spatial Base

\ pechanga
Year Total Battery Slze
2026 Hxlmxf:><:f'
2031 /
2036
/zg:s \42\

Total Battery Size 284 MW/ 1719 MWh

Auld

attery Size
MWh

Total Battery Size

L ovw fvwh | mw | mwh |
99 299

2026

2031 52 373

2036 61 463

2041 54 427
2046 18 157

Total Battery Size: 284 MW/ 1719 MWh

Table 5-79. Storage Sizing and Siting — Effective PV Forecast (Storage MW and MWHh)

- =
~ -

T Storage MW and MWh - SCE Effective PV I
\ Pechanga
Year Total Batte
AAVV
2031
2036 ,/f’é
2041 43 _
12 106 HR““RHH\R
’/ Total Battery Size 186 MW/ 952 MWh H’“‘“‘m._%_

Total Battery Size

Pechanga
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2031 83 247
2036 48 303
2041 43 296
2046 12 106

Total Battery Size: 186 MW/ 952 MWh

Table 5-80. Storage Sizing and Siting — PVWatts Forecast (Storage MW and MWh)
Storage MW and MWh - PVWatts

RHHH“HHHHHH Pechanga '

Year

2036 66 T~ _ 195

| 2046 9 62

- S

o

= Total Battery Size 109 MW/ 451 MWh e

Total Battery Size

Pechanga

2036 66 195
2041 34 194
2046 9 62

Total Battery Size: 109 MW/ 451 MWh

Figure 5-12 presents a high-level representation of the proposed configuration.
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Figure 5-12. Tie-line to Mira Loma and Centralized BESS in Valley South Project Scope

5.3.10.2 System Performance under Normal eenditionsConditions (N-0)

Findings from the system analysis under N-O conditions are presented in Table 5-81 for the Effective PV
Forecast, Table 5-82 for the Spatial Base Forecast, and Table 5-83 for the PVWatts Forecast.

Table 5-81. Mira Loma and Centralized BESS in Valley South N-0 System Performance (Effective PV Forecast)

Y IP SA'D' PFD CA] D! [_osses
ear
(MW) (hr) (hr) (hr) (MWh)
2022 o\ 0 0

0 0 0 48,456

2028 0 0 0 0 0 0 48,017

2033 0 0 0 50,408

2038 0 0 0 53,323

2043 0 56,238

Zyﬂ/ 0 0 0 0 0 0 54
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Year Losses
(MWh) (MWh)

2022 0 0 48,456
2028 0 0 0 48,017
2033 0 0 0 50,408
2038 0 0 0 53,323
2043 0 0 0 56,238
2048 0 0 0 59,154

Table 5-82. era Loma and Centralized BESS in Valley South N-0 System Performance (Spatlal Base Forecast)

v EENS CAIDI Losses
ear
(MWh) {hr} (Mwh)

2021 48,849
2022 0 0 0 0 49,618
2028 106 38 D.ga/ 06 4 4 42,629
2033 607 104_ //10.225 0.603\x12 17 48,041
2038 1,449 . 172 41.743 1.439 29\ 29 53,453
2043 ;382 238 164.624 3.360 45 \49\ 58,864
2 4,994 294 441.584 4.962 69 89 HSE,‘ZZQ
OEEEE

(MWh) (MWh)

2021 0 0 48,849

2022 0 0 0 49,618

2028 0 0 0 42,629

2033 0 0 0 48,041

2038 0 0 0 53,453

2043 0 0 0 58,864

2048 0 0 0 64,276
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Table 5- 83 Mira Loma and Centralized BESS in Valley South N-0 System Performance (PVWatts Forecast)

2028 0
2033 0
2038

—

Year Losses
(MWh) (MWh)

2022
2028
2033
2038
2043
2048

58
2003 73 i
526

69

184

O O O O o

\n\/n/ 0 0

_ \0\ 0 0
0 0 \ 4
1.896 0.271 7 7
56774  1.892 30 30

48,453
50,945
53,021
55,097
57,173
59,250

O O O o o o

0
0
0
0
0
0

5.3.10.3 System Performance under Normal Conditions (N-1)

EENS CAIDI Losses
(MWh) (hr) (MWh

48,453
50,945
53,021
55,097
57,173

59,2

Findings from the system analysis under N-1 conditions in the system are presented in Table 5-84 for the
Effective PV Forecast, Table 5-85 for the Spatial Base Forecast and Table 5-86 for the PVWatts Forecast.

Table 5-84. Mira Loma and Centralized BESS in Valley South N-1 System Performance (Effective PV Forecast)

Deficit | Deficit | Deficit
Year Flex-1 Flex-2-1 | Flex-2-2 | caIDI
- (MWh} (mwh) | (Mwh)

2022 0 0 139,483 18,208 0
2028 24 10 0.13 0.05;‘){ 6,493 147,439 25,978 5
2033 74 13 0.91 % 12 155,755 35,786 12
2038 143 ]V/ 4.27 0.15 29 47,823 29
2043 231/30 12.22 0.29 43 15,430 172,235 M\ali?ﬁ 42
2048 _ 244 27 13.98 0.25 59 17,302 177,925 70,32\5\%& 55

LAR Deficit Deficit Deficit

Year (MWh) Flex-1 Flex-2-1 | Flex-2-2

(Mwh) | (MWwWh) (MWh)
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2022 0 0 0 24,348 82,321 654
2028 0 0 0 61,672 87,598 949
2033 0 0 0 92,776 91,967 1,230
2038 0 0 0 123,879 98,884 1,777
2043 5 2.5 2 154,983 104,047 2,230
2048 15.2 2.5 9 186,086 107,821 2,617

Table 5-85. Mira Loma and Centralized BESS in Valley South N-1 System Performance (Spatial Base Forecast)

Deficit Deficit Deficit
Year mnm Flex-1 Flex-2-1 Flex-2-2
{hr) (mwh) | (Mwh) | (Mwh)
2021 1 1 i = e 1063~ 141086 19,647

2022 11 4 0 0 H\_ﬁ(/ 2,001 144,166 22,589 4
2028 78 12 1 %/ 13 8263 156,703 37,006 13
2033 193 2 / 0 32 13,40N5,708 51,240 32

2038 279 23/ 15 54 18,548 17@57\ 67,798 52

0
2043 w7 3 3208 046 75 23,691 185,405 \u,zsk 69
0.66

- - y - ¥ =
2048 /630 38 47.85 94 28,834 192,924 100,353 73

Deficit Deficit Deficit
Flex-1 Flex-2-1 | Flex-2-2

(mwh) | (Mwh) | (Mwnh)

2021 0 0 0 24,348 83,384 708

2022 0 0 0 69,128 85,427 828

2028 0 0 0 337,812 93,744 1,345
2033 0 0 0 561,716 100,380 1,885
2038 11 3 6 785,619 106,913 2,508
2043 35 4 20 1,009,523 112,783 3,132
2048 182 11 61 1,233,426 117,771 3,729
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Table 5-86. Mira Loma and Centralized BESS in Valley South N-1 System Performance (PVWatts Forecast)

Deficit Deficit
Year Flex-1 | Flex-2-1
(MwWh) | (MWh)
2022 0 0 0 H‘“"\o (}//2,180 139,483 18,207
2028 24 10 0.13 o®</s 6,493 147,439 25,978
2033 27 1 &14//%3 5 \1& 147,648 26,202
2 T
2038 72 15 _/Au 0.07 10 6,950 \54&7\; 34,677
2043 105//14 2.63 0.11 24 7,644 161,485 43,499
2048 ,/151 22 5.30 0.17 32 8,337 166,160 50,463\

Year

2022
2028
2033
2038
2043
2048

o O O o o o

Deficit
(I\I/-I‘C:Izh) Flex-1
(MWh)

24,348
78,252
123,172
168,092
213,012
257,932

o O o o o o
o O ©Oo o o o

Deficit

Flex-2-2 | caiDI

Deficit Deficit
Flex-2-1 Flex-2-2

(Mmwh) | (mwnh)

82,321
87,598
87,737
92,531
96,915
100,017

650

944

951
1,259
1,601
1,852

5

10
24

L

In analyzing the Mira Loma and Centralized BESS in Valley South project, the following constraints (Table
5-87) were found to be binding under N-0 and N-1 conditions. These are the key elements that contribute
to the EENSLAR among other reliability metrics under study (reported from need year and beyond).

In Table 5-87, only thermal violations associated with each constraint are reported.

Table 5-87. List of Mira Loma and Centralized BESS in Valley South Thermal Constraints

Overloaded Element

Outage

Category

Spatial Base

Effective PV

PVWatts

Outage Definition
Year of Overload

Auld-Moraga#1 Auld-Moraga#2 202 2022 2022
Valley EFG- =
Valley EFG-Tap 39 #1 N-1 -
l 2 Newcomb-Skylark 2
. Valley EFG- -
Tap 39-Elsinore #1 N-1 o
P Newcomb-Skylark Atk
Skylark-Tap 22 #1 N-1 Valley EFG-Elsinore- 2038 2048 -
Fogarty
Moraga-Tap 150 #1 N-1 Skylark-Tenaja 2048 - -
Valley EFG-Tap 22#1 N-1 Valley EFG-Newcomb 2048 - =
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The established performance metrics were compared between the baseline and the Mira Loma and
Centralized BESS in Valley South Project to quantify the overall benefits accrued over 30-year study
horizons. The benefits are quantified as the difference between the baseline and the project for each of
the metrics.

The eumulative—valseaccumulative values of the benefits acewmulated-over the 30-year horizon are
presented in Table 5-88 below-for alithe three forecasts.

Table 5-88. Cumulative Benefits — Mira Loma and Centralized BESS in Valley South

Cumulative Benefits over
30-year horizon {until 2048)

Cumulative Benefits over
30-year horizon (until 2048)

Cumulative Benefits over

Category 30-year horizon (until 2048)

Component

PVWatts Forecast

Effective PV

Spatial Base Forecast

Losses{MWh)\\ 50,251.33 41,337.60 51,951.25

N-1 EENS (MWh) '\\ 4,795.52 18,393.70 /"/ 66,422.10
N-1 IP (MW) “ag273 37485 778.55

N-1 SAIDI (hr) ssi}x\ 1,4986 10,314.95
N-1 SAIFI 885 N\ 1549 58.16

N-1 PED (hr) 1,018.00 />< 1,387.00 2,293.00

N1 Flex-1(MWh) 345803.92 \431,783.90 992,221.48
N1 Flex-2-1(MWh) 1,472,688743 1,489, 1,569,278.78
N1 Flex-2-2 (MWh) 1,450,804.78 1,735,711 1\ 2,181,052.61
N-0 EENS(MWh) _~  22,750.50 56,580.70 N 140,938.80
N-0 P (Mw) 2,713.40 4,056.40 TS 629090
N-0 Wﬁr) 445.38 3,267.62 12,809.66
N0 7 sam 16.61 60.22 150,00
)M{ PFD (hr) 410.50 815.00 1,617.00 \

Cumulative Benefits over
30-year horizon (until 2048)

Cumulative Benefits over
30-year horizon (until 2048)

Cumulative Benefits over

Category Component 30-year horizon (until 2048)
PVWatts Forecast

Effective PV Forecast Spatial Base Forecast
Losses (MWh) 50,251 41,338 51,951
N-1 LAR (MWh) 6,375 21,303 72,583
N-1 P (MW) 467 760 1,333
N-1 PFD (hr) 1,320 1,962 3,152
N-1 Flex-1 (MWh) 1,052,000 5,000,736 9,673,818
N-1 Flex-2-1 (MWh) 1,252,410 1,263,410 1,326,687
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Cumulative Benefits over Cumulative Benefits over Cumulative Benefits over
Category Component 30-year horizon (until 2048) | 30-year horizon (until 2048) | 30-year horizon (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast

N-1  Flex-2-2 (MWh) 55,850 64,946 82,304
N-0 LAR (MWh) 22,751 56,581 140,939
N-0 IP (MW) 2,713 4,056 6,291
N-0 PFD (hr) 411 815 1,617

The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by
the Mira Loma and Centralized BESS in Valley South Project. The project completely addresses N-O needs
in the Valley South System. Fhe—projectofferstimited—fHexibilityto-supportN-L-reeds—inthesystem
aceruingsignificantEENS-in-the shert-term-and-tong-term-horizen—The capacity afforded by the system

tie-lines does not fully support emergency and maintenance conditions in the system.

5.3.10.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

1. With the project in service, overloading on the Valley South System transformers is avoided over the
study horizon. This trend is observable across all considered forecasts. Across all sensitivities, the
benefits range betweenfrom 22.7 to 140.9 GWh of avoided EENSLAR.

2. N-1 overloads are observable in the near-term and long-term horizons for all forecasts. With the
project in service, the N-1 EENS-benefits in the system range from 4-76.3 to 66-472.5 GWh through all
forecasts.

3. The project offers limited flexibility to address planned, unplanned, or emergency outages in the

system and high-impacttowprobabilityHILP events that may occur in the Valley South System.

4. Should a HILP event occur and impact Valley Substation, the Mira Loma and Centralized BESS in Valley
South Project is—-able—tecan recover approximately 110 MW of load in the Valley South System by
leveraging the capabilities of its system tie-lines. The BESS installed capacity alone cannot be
effectively translated to any benefits due to the reasonably expected limited opportunities for
charging during HILP events.

5. Overall, the Mira Loma and Centralized BESS in Valley South Project did not demonstrate comparable
levels of performance to the ASP in addressing the needs identified in the Valley South System service
territory. While the project addresses N-O capacity shortages in the system, it offers a limited
advantage in addressing the N-1 and Flexibilityflexibility needs of the system.

5.3.11 Valley South to Valley North and Centralized BESS in Valley South and Valley North
(Project L)

The objective of this project would be to transfer the loads at Newcomb and Sun City substations to Valley
North (identical to Project #F). Additionally, BESS installation would be constructed within both the Valley
South and Valley North systems to provide relief over the long-term horizon. This is a combination of
Projects F and H. -Initial screening studies demonstrated that the load transfer would result in minimal
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line overloads (N-0 and N-1) in the Valley North system, however, transformer loading would be at risk of
exceeding rated capacity. Due to this, only the EENSLAR (N-0) reliability metric was amended to include
monitoring loading of the Valley North transformers. Potential N-1 impacts on the Valley North system
have not been considered in the metrics. The project has been evaluated under the need year®;
2021/2022 (depending on the need year from the forecast used for the study), 2028, 2033, 2038, 2043,
and 2048. Each of the reliability metrics established byin Section 3.2.4 havehas been calculated using the
study methodology outlined byin Section 3.2.3

5.3.11.1 Description of Project Solution

The proposed project would include the following components:

1. The proposed project would transfer the loads at Newcomb and Sun City Substations from the Valley
South System to the Valley North System through the construction of new 115 kV lines.

2. Normally--open circuit breakers at the Valley South bus and at Sun City Substation are maintained as
system tie-lines between Valley North and Valley South for transfer flexibility.

3. Reconductor existing Auld—Sun City 115 kV line, which would become the Valley—Auld—Sun City
115- kV line.

4. Reconductor approximately 7.7 miles of existing Auld—Moraga 115 kV line to 954 ACSR conductors.

4.5 ,BESS would be installed near Pechanga in Valley South and Allesandro Substation in Valley North
following the construction of necessary 115 kV substation facilities and 115 kV line reconfiguration.

5.6.Storage investments are made in 5-year increments during identified need years when the Valley
South System transformers exceedsexceed their rated capacity. The following storage sizes have been
established and detailed in Table 5-89 tethrough Table 5-91-belew, for all forecasts.

6-7.Sizing analysis has been performed for all forecasts on a 5-year outlook (i.e., in the year 2021,
investments are made to cover the 5-year horizon till 2026-).

7-8.At each site, a contingency reserve ismaintained-of 10 MW / 50 MWh inaccordance-withis maintained
per SCE planning criteria and guidelines for N-1 conditions.
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Table 5-89. Storage Sizing and Siting — Spatial Base Forecast (Storage MW and MWAh)

—— o

- Storage MW and MWh - Spatial Base '

Pechanga (VS) Ales: ro (VN)
Veor \ Total Battery Size otal Battery Size
M Mw MWh
2030 - 97 375
2035(VS-2036) /81/ )}2\ T 635
2042 (VS-2041 49 291 TR 704
2046) 18 114 39 \g{
_— Total Battery Size 433 MW/ 2779 MWh K

2030 97 375
2035(VS-2036) 81 242 77 635
2042 (VS-2041) 49 291 72 704
2045(VS-2046) 18 114 39 418

Total Battery Size: 433 MW/ 2779 MWh

Table 5-90. Storage Sizing and Siting — Effective PV Forecast (Storage MW and MWh)

Storage MW and MWh - Effective PV Forecast

Pechanga (VS) Alessa VN)
Total Battery Size otal Battery Size
w MWh MW MWh

2037 = 83 290

o

2042 (VS-2043) /39/ 108 46 335
ZV 10 42 18 \1&5

ta‘I/Battery Size
~(including Contingency) 196 MW/ 940 MWh e

Year

Total Battery Size

L vw ]| mwh | mw | wmwh |
83 290

2042 (VS-2043) 39 108 46 335

2037
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2046 10 42 18 165

Total Battery Size (including contingency):
196 MW/ 940 MWh

Table 5-91. Storage Sizing and Siting — PVWatts Forecast (Storage MW and MWh)

Storage MW and MWh - PVWatts :
Pechanga (VS) ndro (VN)
Total Battery Siz Total Battery Size

Year MW MWh

2040 67 204

2045 // 0 0o 7 140
Tot ery Size 94 MW/ 369 MWh

Total Battery Size

Pechanga (VS) Alessandro (VN)
0 0 67 204

2045 0 0 27 140

2040

Total Battery Size: 94 MW/ 344 MWh

Figure 5-13 presents a high-level representation of the proposed configuration.
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Figure 5-13. Valley South to Valley North and Centralized BESS in Valley South and Valley North
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5.3.11.2 System Performance under Normal eenditionsConditions (N-0)

Findings from the system analysis under N-0 conditions are presented in Table 5-92 for the Effective PV
Forecast, Table 5-93 for the Spatial Base Forecast, and Table 5-94 for the PVWatts Forecast.

Table 5-92. Valley South to Valley North and Centralized BESS in Valley South and Valley North
N-0 System Performance (Effective PV Forecast)

Year CAID! Losses
(h r) (MWh)

0 0 49,328
2028 0 0 \J 0 51,777
2033 0 o [ \ 0 0 53,817
2038 0 0 i 55,858

/8/ 0 -
2043 /o/ 0 0 0 0 \9\ 57,893
W 0 0 0 0 0 0 \w

Year Losses
(MWh) (Mwh)

2022 0 0 49,328
2028 0 0 0 51,777
2033 0 0 0 53,817
2038 0 0 0 55,858
2043 0 0 0 57,893
2048 0 0 0 59,910

Table 5-93. Valley South to Valley North and Centralized BESS in Valley South and Valley North
N-0 System Performance (Spatial Base Forecast)

Your CAIDI Losses
{hr} (MWh)

2021 0 49,723
2022 0 0 \1\</ 0 0 50,479
2028 0 0 [ 0 0 53,801
2033 0 o _— o 0 T~ o0 0 56,568
] == )
2038 ol == 0 0 o~__ o 59,306
2043 0 0 0 0 o 62,02
208~ 0 0 0 0 0 0 @

Year LAR Losses
(MWh) (MWh)
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2021 0 0 0 49,723
2022 0 0 0 50,479
2028 0 0 0 53,801
2033 0 0 0 56,568
2038 0 0 0 59,306
2043 0 0 0 62,024
2048 0 0 0 64,742

Table 5-94. Valley South to Valley North and Centralized BESS in Valley South and Valley North
N-0 System Performance (PVWatts Forecast)

Year EENS CAIDI Losses
(MWh) {h'} (MWh

0 49,328
2028 /( 0 0 50,960
2033 / m 0 0 51,342
2038 0 _ / 0 0 o o 53,028

2043 0 0 0 0 Nswu
0 0 0 0 0 0 56,3

Year Losses

(MWh) (MWh)

2022 0 0 49,328
2028 0 0 0 50,960
2033 0 0 0 51,342
2038 0 0 0 53,028
2043 0 0 0 54,713
2048 0 0 0 56,399

5.3.11.3 System Performance under Normal Conditions (N-1)

CONFIDENTIAL/PROPRIETARY © 206192021 QUANTA TECHNOLOGY, LLC G-2, Page 355



Ch\z/ QUANTA REPORT (V2)
Q\ TECHNOLOGY

DELIVERABLE 3: BENEFIT COST ANALYSIS OF THE ALTERNATIVES PROJECTS | SCE

Findings from the system analysis under N-1 conditions are presented in Table 5-95 for the Effective PV
Forecast, Table 5-96 for the Spatial Base Forecast, and Table 5-97 for the PVWatts Forecast.

Table 5-95. Valley South to Valley North and Centralized BESS in Valley South and Valley North
N-1 System Performance (Effective PV Forecast)

m Hﬂ Deficit | Deficit Deficit

Year Flex-1 Flex-2-1 Flex-2-2

(Mwh) (MiWh) (MWh)
5 3 \9\ 3

2022 0 /3,89 . 192,865 15,864 3
el
2028 59 14 0.43 0.05 >-< 11,342 201,538 22,946 8
2033 191 28 210,603 32,011 19
] —
2038 605 38 /ZﬂB 0.56 38 23,898 220; 37

2043 1,295 47 70.29 1.20 63 28,049 228,568 58
2048 5 3 0 0 3 3,808 192,865 15,864\\'&.“ 3

LAR Deficit Deficit Deficit
. Flex-1 Flex-2-1 Flex-2-2
( ) (MWh) (MWh) (MWh)
0 0 0

2022 25,483 127,935 574
2028 0 0 0 64,547 133,688 848
2033 4 2 2 97,100 139,702 1,168
2038 103 14 19 129,653 145,991 1,596
2043 351 24 45 162,206 151,619 2,037
2048 506 27 73 194,760 155,733 2,381

Table 5-96. Valley South to Valley North and Centralized BESS in Valley South and Valley North
N-1 System Performance (Spatial Base Forecast)

Deficit Deficit Deficit
Year Flex-1 Flex-2-1 Flex-2-2

(Mwh) | (mwh) | (Mwh)
2021 12 6 0 \n\ 4 4239 194613 17,164 4

= 6,425 197,970 19,844 5

2022 35 11 0 0

2028 219 28 5 0 23 H\LQQM» 211,637 33,148 23
2033 779 42 y il 44 30,47 7\\\\23 2,543 46,386 41
2038 1,725 80/ 124 2 81 37,158 23%\“ 61,842 77
2043 3,084//.77 325.23 2.89 114 41,004 242,925 \}S,lg 112
2048/-/4,662 145 647.64 4.39 151 44,851 251,122 93,441\\‘&.148
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LAR Deficit Deficit Deficit
Year (MWh) Flex-1 Flex-2-1 Flex-2-2
(MWh) (MWh) (MWh)
2021 0 0 0 25,483 129,095 616
2022 0 0 0 43,949 131,322 715
2028 4 3 2 154,747 140,388 1,202
2033 156 19 22 247,078 147,622 1,710
2038 445 23 66 339,410 154,744 2,284
2043 1,063 29 135 431,741 161,142 2,889
2048 1,845 76 205 524,073 166,580 3,429

Table 5-97. Valley South to Valley North and Centralized BESS in Valley South and Valley North
N-1 System Performance (PVWatts Forecast)

Deficit Deficit
Flex-1 | Flex-2-1

(MWh) | (Mwh)
192,865 15,864 3
8 11,342 201,538 22,946 8

“-\\
8 \11,@ 201,766 23,155 8

T

17 15,334 \203&43 30,979 17
“-..\_\_‘H‘-
30 18,936 216,849 \3%79 29

44 22,538 221,946 45,55%-& 41

Deficit Deficit Deficit
Year Flex-1 Flex-2-1 Flex-2-2
(MWh) (MWh) (MWh)

2022 0 0 25,483 127,935 571
2028 0 49,808 133,688 843
2033 0 70,079 133,840 850
2038 0.4 0.4 90,350 139,065 1,122
2043 47 10 11 110,622 143,845 1,426
2048 138 17 22 130,893 147,226 1,679

In analyzing the Valley South to Valley North and Centralized BESS in Valley South and Valley North Project,
the following constraints (Table 5-98) were found to be binding under N-0 and N-1 conditions. These are
the key elements that contribute to the EENSLAR among other reliability metrics under study (reported
from need year and beyond).

In Table 5-98, only thermal violations associated with each constraint are reported.
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Table 5-98. List of Valley South to Valley North and Centralized BESS in Valley South and Valley North Project
System Thermal Constraints

Spatial Base Effective PV
Year of Overload

Overloaded Outage Categor
Element & =
Auld-Moraga #2 N-1
Auld-Moraga#1 =
Valley EFG-Tap 39 =L
Tap 39-Elsinore N-1
Moraga-Tap 150
i N-1
Skylark-Tap 22 #1 N-1
Aule-Moraga#1 =
Moraga-Pechanga At

5.3.11.4 Evaluation of Benefits

Outage Definition

Auld-Moraga #1

AertebMermea-in

Valley EFG-
Newcomb-Skylark

Valley EFG-
Newcomb-Skylark
Skylark-Tenaja
Valley EFG-
Elsinore-Fogarty
Malley ERE——Triten
Valley EFG - Triton

2033
2021

2038

2033

2048

2033

2028

2038
2022

2048

2038

2038

2033

2043
2022

2043

2043

2038

The established performance metrics were compared between the baseline and the Valley South to Valley
North and Centralized BESS in Valley South and Valley North Project to quantify the overall benefits
accrued over a 30-year study horizon. The benefits are quantified as the difference between the baseline

and the project for each of the metrics.

The eumulativevalueaccumulative values of benefits aceumulated-over the 30-year horizon are presented
in Table 5-99 belew-for alithe three forecasts.
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Table 5-99-Cumulative-Benefits—. Valley South to Valley North and Centralized BESS in Valley South and Valley

North

Cumulative Benefits

Cumulative Benefits over
30-year horizon (until 2048)

Category Component

PVWatts Forecast

N-0 Losses (M Wh\i\\

Cumulative Benefits
over
30-year horizon
(until 2048)

Spatial Base Forecast

Cumulative Benefits over
30-year horizon

(until 2048)
Effective PV Forecast

b

26,508.24 1932159 27,375.15
N-1 EENS (MWh) T 600.25 531895 30,258.23
N-1 P (MW) “Tna.\os 11512 -224.05
N-1 SAIDI (hr) 426.5..:\ 7 asss9 6,392.56
N-1 SAIFI 5.16 '\(/ | 3.70 25.03
N-1 PFD (hr) 863.50 / | \ 1,097.50 1,677.50
N-1  Flex-1(MWh) 146,671:17 ' ‘\27\8,_473.49 594,548.74
N-1  Flex-2-1(MWh) = == ;
N1 Flex22(MWh) - 1,585,237.85 1,848,679.55\ 2,322,663.11
N-0 EENS {Mwy/'/ 22,750.50 56,580.70 s . 14093880
N-0 |_P/(M‘Wj 2,713.40 4,056.40 T6,290.90
N-O " SAIDI (hr) 44538 3,267.62 14,805,
' NO " SAIFI 16.61 60.22 150.00 \
o PFD (hr) 410.50 815.00 1,617.00 N

Cumulative Benefits over

Cumulative Benefits over

Cumulative Benefits over

Category Component 30-year Horizon (until 2048) 30-year Horizon (until 2048) 30-year Horizon (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast

N-0 Losses (MWh) 26,508 19,322 27,375

N-1 LAR (MWh) 5,724 17,603 59,548

N-1 IP (MW) 366 503 803

N-1 PFD (hr) 1,196 1,456 1,740

N-1 Flex-1 (MWh) 2,751,701 4,868,325 19,588,877

N-1 Flex-2-1 (MWh) - - -

N-1 Flex-2-2 (MWh) 59,402 69,185 87,739

N-0 LAR (MWh) 22,751 56,581 140,939

N-0 IP (MW) 2,713 4,056 6,291

N-0 PFD (hr) 411 815 1,617
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t—h@VaIIey South to VaIIey North and Centrallzed BESS in VaIIey South and VaIIey North PrOJECt IliheBy
design, the project by-design-includes a permanent transfer of relatively large load centers in the Valley
South System during the initial years. This provides significant N-0 system relief in the Valley South System,
but at the expense of limited operational flexibility. The solution completely addresses the N-0 system
needs in the Valley South and VaIIey North Systems. Due—te—the—m#estment—m—B%S—resewees—sehedu%d

5.3.11.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

1. With the project in service, overloading on the Valley South System transformers is avoided in the
near-term and long-term horizon. Additionally, the installation of batteries avoids the N-0 needs in
the Valley North System following the transfer of load from the Valley South Systemsystem. Across all
sensitivities, the benefits range betweenfrom 22.7 to 140.9 GWh of avoided EENSLAR.

2. N-1 overloads are observable in the near-term and long-term horizons for all forecasts. With the
project in service, N-1 EENS-benefits in the system range from 8:65.7 to 38:2559.54 GWh through all
forecasts.

3. The project provides limited flexibility to address planned, unplanned, or emergency outages in the

system and high-impacttowprobabilityHILP events that occur in the Valley South System.

4. Should a HILP event occur and impact Valley Substation, the project is unable to serve incremental
load in the Valley South System through leveraging the capabilities of its system tie-lines.

5. Overall, the Valley South to Valley North and Centralized BESS in Valley South and Valley North Project
did not demonstrate comparable levels of performance to the ASP in addressing the needs identified
in the Valley South System service territory. While the project addresses N-0 capacity shortages in the
system, it offers a limited advantage in addressing the N-1 and Flexibilityflexibility needs of the
system.

5.3.12 Valley South to Valley North to Vista and Centralized BESS in Valley South
projectProject (Project M)

The objective of this project would be to transfer the loads at Newcomb and Sun City
substatiensSubstations to Valley North. The load at Moreno in the Valley North system would be
transferred to the Vista system (identical to Project #G). The premise of this methodology is to relieve
loading on the Valley North system to accommodate a load transfer from Valley South. Additionally, BESS
is installed in Valley South to provide relief over the long-term horizon. -This is essentially a combination
of Projects G and H. -Initial screening studies demonstrated that the load transfer would result in minimal
line overloads (N-0 and N-1) in the Valley North systemSystem, however, transformer loading would be
at risk of exceeding rated capacity. Due to this, only the EENSLAR (N-0) reliability metric was amended to
include monitoring loading of the Valley North transformers. Potential N-1 impacts on the Valley North
systemSystem have not been considered in the metrics. The project has been evaluated under the need
year®;2021/2022 (depending on the need year from the forecast used for study), 2028, 2033, 2038, 2043,
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and 2048. Each of the reliability metrics established byin Section 3.2.4 havehas been calculated using the
study methodology outlined byin Section 3.2.3

5.3.12.1 Description of Project Solution

The proposed project would include the following components:

between Valley North and Vista Systems.

| 2. New 115 kV line construction to restore subtransmission network connectivity following a transfer of
Moreno Substation.

3. Normally--open circuit breaker at Moreno Substation to provide a system tie-line between the Vista

System-and-the Valley North SystemSystems.
4. The proposed project would also transfer the loads at Newcomb and Sun City Substations from the
| Valley South System to the Valley North System through the construction of new 115 kV lines (see
Project F).

5. Normally-open circuit breakers at the Valley South bus and atthe Sun City Substation are maintained
as system ties between the Valley North System-and-the Valley South SystemSystems for transfer
flexibility.

6. Reconductor existing Auld-—Sun City 115 kV line, which would become the Valley—Auld-—Sun City 115
kV line.

7. Reconductor approximately 7.7 miles of existing Auld—Moraga 115 kV line to 954 ACSR conductors.

#8.BESS would be installed near Pechanga Substation following the construction of necessary 115 kV
substation facilities and 115 kV line reconfiguration.

8:9.Storage investments are made in 5-year increments during identified need years when the Valley
South System transformers exceedsexceed their rated capacity. The following storage sizes have been
established and detailed in Table 5-100 teand Table 5-101-below, for all forecasts. No batteries were
required at Valley South in the PVWatts ferecastForecast.

9:10. Sizing analysis has been performed for all forecasts on a 5-year outlook (i.e., in the year 2021,
investments are made to cover the 5-year horizon till 2026-).

10-11. At each site, a contingency reserve is—maintained-of 10 MW / 50 MWh in—aceerdance—withis
maintained per SCE planning criteria and guidelines for N-1 conditions.
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| Table 5-100. Storage Sizing and Siting — Spatial Base Forecast (Storage MW and MWh)

~ -
s

e Storage MW and MWh - Spatial Base - r
Pechanga
= Total W
— MW MWh
2036 242
2041 49 291
20/ 18 4
/Tatﬁr Battery
-~ sie (including 148 MW/647 MWh Y
il contingency) e
Total Battery Size
L omw | mwh |
2036 81 242
2041 49 291
2046 18 114

Total Battery Size (including contingency):
148 MW / 647 MWh

Table 5-101. Storage Sizing and Siting — Effective PV Forecast (Storage MW and MWh)

x-“"‘-a,_\‘ ."'/J
T Storage MW and MWh - Effective PV Forecast =

Battery Size
-~

e (including 49 MW/150 MWh i
contingency) )

Total Battery Size

Pechanga
2043 39 108
2046 10 42
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Total Battery Size (including contingency):
49 MW / 150 MWh

Figure 5-14 presents a high-level representation of the proposed configuration.
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Figure 5-14. Valley South to Valley North to Vista and Centralized BESS in Valley South
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5.3.12.2 System Performance under Normal eenditionsConditions (N-0)

Findings from the system analysis under N-0 conditions in the system are presented in Table 5-102 for the
Effective PV Forecast, Table 5-103 for the Spatial Base Forecast, and Table 5-104 for the PVWatts Forecast.

Table 5-102. Valley South to Valley North to Vista and Centralized BESS in Valley South Project
N-0 System Performance (Effective PV Forecast)

Vear CAID! Losses
(h r) (MWh)

0 0 49,328
2028 0 0 J 0 51,777
2033 0 0 /o/ \ 0 0 53,817
0

2038 0 0 \n\ 0 55,858

2043 /75.2/ 30 0.108 0018 5 \6\ 57,893
W 735.2 83.2 0230 0.021 18 1 se910

Year Losses
(MWh) (MWh)

2022 0 0 49,328
2028 0 0 0 51,777
2033 0 0 0 53,817
2038 0 0 0 55,858
2043 78 30 5 57,893
2048 735 83 18 59,910

Table 5-103. Valley South to Valley North to Vista and Centralized BESS in Valley South Project
N-0 System Performance (Spatial Base Forecast)

Your CAIDI Losses
(MW} {hr} (MWh)

49,723
2022 0 50,479
2028 0 53,801
2033 0 56,568
2038 9.989 0.588 17\\ 17 59,306
2043 .6 . 161.6 172.187 2.969 58 E\H 62,024
2 8000 2322 761.032 7.389 103 103 M

Year LAR
(MWh)
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2021 0 0 0 49,723
2022 0 0 0 50,479
2028 0 0 0 53,801
2033 0 0 0 56,568
2038 676 81[RH1] 17 59,306
2043 3416 162 58 62,024
2048 8000 232 103 64,742

Table 5-104. Valley South to Valley North to Vista and Centralized BESS in Valley South Project
N-0 System Performance (PVWatts Forecast)

EENS CAIDI Losses
(MWh) (hr) (MWh

49,328
2028 0 0 \/ 0 50,960
2033 0 o \o\ 0 0 51,342

/ 0 0 o~ o 53,028
T

2038 0
— -
2043 /0/ 0 0 0 0 o\.\smns
,:ms/ 67.8 36.6 0.295 0.059 5 5 56,3

Year Losses
(MWh) (MWwh)

2022 0 0 49,328
2028 0 0 0 50,960
2033 0 0 0 51,342
2038 0 0 0 53,028
2043 0 0 0 54,713
2048 68[RH2] 37 5 56,399
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Findings from the system analysis under N-1 conditions in the system are presented in Table 5-185Fable
4-11105 for the Effective PV Forecast, Table 5-106 for the Spatial Base Forecast, and Table 5-107 for the
PVWatts Forecast.

Table 5-105. Valley South to Valley North to Vista and Centralized BESS in Valley South Project
N-1 System Performance (Effective PV Forecast)

Deficit Deficit Deficit
Flex-2-1 Flex-2-2
(MWh)
2022 5 3 0 3 3,808 192,865 15,864 3
2028 59 14 /ﬁ2 201,538 22,946 8
2033 191 17, 210,603 32,011 19
2038 605 0.56 38 23,898 \220:985\ 43,191 37
2043 1,295%ll 70.29 1.20 63 28,049 228,568 \54@5 58
2048 A% 79 142.25 1.76 84 23,691 234,771 54,145\"&,,& 81
m Deficit Deficit Deficit
(MWh) Flex-1 Flex-2-1 Flex-2-2
(MWh) (MWh) (MWh)
2022 0 0 0 25,483 127,935 574
2028 0 0 0 64,547 133,688 848
2033 4 2 2 97,100 139,702 1,168
2038 103 14 19 129,653 145,991 1,596
2043 351 24 45 162,206 151,619 2,037
2048 506 27 73 194,760 155,733 2,381

Table 5-106. Valley South to Valley North to Vista and Centralized BESS in Valley South Project
N-1 System Performance (Spatial Base Forecast)

Deficit Deficit Deficit
Year Flex-1 Flex-2-1 Flex-2-2

(MWh) (Mwh) (MWh)
2021 12 6 gse/ 194,613 17,164 4
2022 35 11 ~ 6425 197,970 19,844 5
2028 219 28 HWet 211,637 33,148 23
2033 779 42 30,47N2,543 46,386 41
2038 1,725 80— 37,158 233,2 61,842 77
2043 3,0V 77 325.23 2.89 114 41,004 242,925 112
2048 4662 145 647.64 4.39 151 44,851 251,122 148
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LAR Deficit Deficit Deficit
Year (MWh) Flex-1 Flex-2-1 Flex-2-2
(MWh) (MWh) (MWh)
2021 0 0 0 25,483 129,095 616
2022 0 0 0 43,949 131,322 715
2028 4 3 2 154,747 140,388 1,202
2033 156 19 22 247,078 147,622 1,710
2038 445 23 66 339,410 154,744 2,284
2043 1,063 29 135 431,741 161,142 2,889
2048 1,845 76 205 524,073 166,580 3,429

Table 5-107. Valley South to Valley North to Vista and Centralized BESS in Valley South Project
N-1 System Performance (PVWatts Forecast)

Deficit Deficit

Year Flex-1 | Flex-2-1
(Mwh) | (MWh)

2022 6 3 192,865 15,864 3
2028 58 15 11,342 201,538 22,946 8
2033 61 15 201,766 23,155 8

2038 168 26 /AGO 15,334 643 30,979 17
2043 430 /4 11.51 0.40 30 18,936 215,84;&\39\,1?9 29
2048 ,/ﬁS 41 28.01 0.68 44 22,538 221,946 45.557\3 41
Deficit Deficit Deficit
Year Flex-1 Flex-2-1 Flex-2-2
(MWh) (MWh) (MWh)
2022 0 0 0 25,483 127,935 571
2028 0 0 0 49,808 133,688 843
2033 0 70,079 133,840 850
2038 0.4 0.4 1 90,350 139,065 1,122
2043 47 10 11 110,622 143,845 1,426
2048 138 17 22 130,893 147,226 1,679

In analyzing the Valley South to Valley North to Vista and Centralized BESS in Valley South prejeetProject,
the following constraints (Table 5-108) were found to be binding under N-0 and N-1 conditions. These are
the key elements that contribute to the EENSLAR among other reliability metrics under study (reported
from need year and beyond).

In Table 5-108, only thermal violations associated with each constraint are reported.
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Table 5-108. List of Valley South to Valley North to Vista and Centralized BESS in Valley South Project
Thermal Constraints

Spatial Base Effective PV
Year of Overload

Overloaded Element Outage
Category

Auld-Moraga #2 N-1
AelebMeraea-id b
Valley EFG-Tap 39 N-1
Tap 39-Elsinore N-1
Moraga-Tap 150 #1 N-1
Skylark-Tap 22 #1 N-1
Auld-Moraga#d P
Moraga-Pechanga N-1

5.3.12.4 Evaluation of Benefits

Outage Definition

Auld-Moraga #1

AelebMermeai

Valley EFG-
Newcomb-Skylark

Valley EFG-
Newcomb-Skylark

Skylark-Tenaja

Valley EFG-
Elsinore-Fogarty

Valey-EFG—Triton
Valley EFG - Triton

2033
2021

2038

2033

2048

2033

2028

2038
2022

2048

2038

2038

2033

2043
2022

2043

2043

2038

The established performance metrics were compared between the baseline and the Valley South to Valley
North to Vista and Centralized BESS in Valley South Project to quantify the overall benefits accrued over
a 30-year study horizon. The benefits are quantified as the difference between the baseline and the

project for each of the metrics.

The eumulative—valseaccumulative values of the benefits acewmulated-over the 30-year horizon are
presented in Table 5-109 belew-for althe three forecasts.
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30-year horizon (until 2048)

PVWatts Forecast

REPORT (V2)

DELIVERABLE 3: BENEFIT COST ANALYSIS OF THE ALTERNATIVES PROJECTS | SCE

Project
Cumulative Benefits

Cumulative Benefits over
30-year horizon (until 2048)

Effective PV Forecast

Cumulative Benefits
over
30-year horizon
(until 2048)

Spatial Base Forecast

N-0 Losses {M\r\m\f\‘\ 26,508.24 19,321.59 / ( 27,375.15
N-1 EENS (MWh) \ 600.25 5,318.9% 30,258.23
N-1 IP (MW) H&@S B GZ -224.05
N-1 SAIDI (hr) 426.5..1\ / 485.59 6,392.56
N-1 SAIFI 5.16 \</ | 3.70 25.03
N-1 PFD (hr) 863.50 / \ 1,097.50 1,677.50
N-1 Flex-1 (MWh) 146,6}1-.’1§ . ‘\27\8,.473.49 594,548.74
N-1 Flex-2-1 (MWh) / - \ -
N-1 Flex-2-2 (MWh) / 1,585,237.85 1,848,679.5i\ 2,322,663.11
N-0 EENS {M\r\.@l/'/ 22,612.50 54,062.30 \\\ 96,777.80
N-0 I.P/(MW'] 2,637.80 3,686.80 \&39.90
N-O " SAIDI (hr) 444.79 3,66.49 11,62065
N~ " SAIFI 16.49 60.08 11031 \
/ N-0 PFD (hr) 398.50 741.00 939.00 B
Cumulative Benefits over Cumulative Benefits over Cumulative Benefits over
Category Component 30-year Horizon (until 2048) | 30-year Horizon (until 2048) | 30-year Horizon (until 2048)
PVWatts Forecast Effective PV Forecast Spatial Base Forecast
N-0 Losses (MWh) 26,508 19,322 27,375
N-1 LAR (MWh) 5,724 17,603 59,548
N-1 IP (MW) 366 503 803
N-1 PFD (hr) 1,196 1,456 1,740
N-1 Flex-1 (MWh) 2,751,701 4,868,325 19,588,877
N-1 Flex-2-1 (MWh) - - -
N-1 Flex-2-2 (MWh) 59,402 69,185 87,739
N-0 LAR (MWh) 22,613 54,062 96,778
N-0 IP (MW) 2,638 3,687 4,380
N-0 PFD (hr) 399 741 939
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The analysis demonstrates the range of benefits accrued over the near-term and long-term horizons by
the Valley South to Valley North to Vista and Centralized BESS in Valley South Project. FheBy design, the
project by-design-includes a permanent transfer of relatively large load centers in the Valley South System
during the initial years. This provides significant N-O system relief in the Valley South System; but at the
expense of limited operational flexibility. The addition of batteries complements the needs in the Valley
| South System effectively reducing EENSLAR to zero effeetively-over the long-term horizon. The transfer of

5.3.12.5 Key Highlights of System Performance

The key highlights of system performance are as follows:

‘ 1. With the project in service, overloads on the Valley South System transformers isare avoided in the

near-term and long-term horizon. Additionally, the transfer of loads from the Valley North System to

the Vista System defers the N-0 condition needs in Valley North until 2041. Across all sensitivities, the
benefits range between 22.6 to 96.7 GWh of avoided EENSLAR.

2. N-1 overloads are observable in the near-term and long-term horizons for all forecasts. With the
project in service, the N-1 EENS-benefits in the system range from 0.6 to 30.2 GWh through all
forecasts.

3. The project provides only limited flexibility to address planned, unplanned, or emergency outages in
the system and high-impacttow-probabilityHILP events that occur in the Valley South System.

4. Should a HILP event occur and impact Valley Substation, the project is unable to serve incremental
load in the Valley South System by leveraging capabilities of its tie-lines.

5. Overall, the Valley South to Valley North to Vista and Centralized BESS in Valley South Project did not
demonstrate comparable levels of performance to the ASP in addressing the needs identified in the
Valley South System service territory. While the project addresses N-O capacity shortages in the
system, it offers a limited advantage in addressing the N-1 and Flexibility needs of the system

5.4 Summary of Findings

Through the analysis of alternatives and applicable reliability metrics, EENSLAR, and Fexibilityflexibility
(Flex-1 and Flex--2) provide valuable insight into the reliability, capacity, resiieneyresilience, and flexibility
objectives of project performance. Table 5-110 tethrough Table 5-112 present a summary of these
findings across all forecasts.
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—— | — Project ID _
\ < i R < <
> m v = e e m oé & § 2 ;o; ;?- CQ{%%/}‘J/ =X
\v\ ® 3 z2 <z <22 » 52 z o avns58 3 S22 o 2
- 8 —8 9 39 g g 23 a 58 o < = S <S5 RdTe  Hel P
3= = — = °F P < a o 3 8 <o 253 o EgQ 4
: L di— O m - = b S < 3 O o S = u:n = o s < n S - p o5
Project name Em 5 %8 \o\-r\ v & v a3 =0 = = 5 35‘93 vwa < gam g:—
3 s 9 28 &8  :Be 248 B 3 9 2238 2288 E2m8 8
3 A il e s t  3f:zs Sfss TE s
] el = R ;
Category GWh A B G H IKE=—= - H\“\\Rp E c L ™ ] F
N-1 EENS 20.65 21.68 2.75 21.68 — 8.39 4.73 2.9N0 17.52 5.32 5.32 21.68 2.75
E—
N-1 Available Flex-1 777.35 312.02 __;33.89—” 510.72 491.78 251.55 233.61 466.20 65823 ) 278.47 278.47 519.52 233.80
: : s@ e
N-1 AVt fat 542624 378544 0.00 0.00 1489.27 0.00 3368.62 1489.27 3863.82 0. 0.00 3785.44 0.00
21 - =
Available
N-1 v 52 2872.78 2,043.80 1848.42 55.03 1735.71 1848.42 1848.42 1735.03 2172.51 1848.68 1848.m 1848.42
e e
N-0 EENS 56.57 55.56 53.6999 56.58 56.58 45.85 56.23 42.09 55.56 56.58 54.06 56.58 45.49
Valley South to Valley South to
. Valley South to
. . Valley Southto  Centralized BESS in Mira !_oma and. Valley North and . valley North and VaIIety North to SDG&E.and Valley South to
. Alberhill System San Diego Gas & Centralized BESS in . . . . Mira Loma SCE Orange Centralized BESS Vista and Centralized
Project Name . . . Valley North to Valley South Distributed BESS in Menifee Project . - . . . Valley North
Project Electric Project . . . Valley South Project County Project in Valley South Centralized BESS in Valley .
Vista Project Project . Valley South . . Project
Project . and Valley North BESS in Valley South Project
Project . .
Project South Project
Category GWh A B G H K 1 D E C L M J F
N-1 LAR 20 21 15 21 21 17 15 15 17 18 18 21 15
N-2 Available Flex-1 5,689 5,411 5,352 3,190 5,001 5,801 5,352 3,252 448 4,868 4,868 5,886 5,352
N-2 Available Flex-2-1 3,780 3,218 - - 1,263 - 2,368 1,263 3,256 - - 3,218 -
N-2 Available Flex-2-2 107 77 69 1 65 69 69 65 81 69 69 77 69
N-0 LAR 57 56 54 57 57 46 56 50 56 57 54 57 45
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‘ Table 5-111. Cumulative Benefits: Spatial Base Forecast

) Project ID .
Category GWh A B Te—_ H K I D e = L M ) F
N-1 EENS 66.74 72.69 11.82 }327\ 66.42 22.62 12.98 #__,/IB.’sf 57.04 30.26 30.26 73.37 11.82
N-1 Available Flex-1 1,410.77 579.27 465.58 460.15 %R_ 55425 __— 461.61 676.79 1189.23 594.55 594.55 667.57 465.58
Available Flex-
Pt 21 s e 0.00 0.00 : 0.00 54265 1569.28 4062.67 0.00 0.00 3975.28 0.00
Available Flex-
M4 22 LR ittt 23 135.10 2181.05 2347.50 2322.66 217492  2753.55 2322.66 2322.66 2582.57 2322.66
N-0 EENS 140.57 //132—23/ 91.35 140.94 140.94 44.96 135.61 85.89 133.06 \me.%\__ 96.7778 140.94 40.85
I
Category GWh A B G H K 1 D E C L M J F
N-1 LAR 67 73 48 73 73 56 48 43 57 60 60 73 48
N-2 Available Flex-1 23,517 19,117 14,163 21,406 9,674 6,669 14,163 6,363 9,232 19,589 19,589 22,073 14,163
N-2 Available Flex-2-1 4,102 3,403 - - 1,327 - 3,030 1,327 3,449 - - 3,403 -
N-2 Available Flex-2-2 142 97 88 5 82 - 88 82 104 88 88 97 88
N-0 LAR 141 132 91 141 141 89 136 110 133 141 97 141 41
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Table 5-112. Cumulative Benefits: PVWatts Forecast

Category ______._
[
N-1 EENS 6.28 K‘Ea‘r\— 6.37 4.80 0.60 0.60 2.57 5.16 ,ﬁf—onsu’f 0.60 6.37 0.60
Available Fle -———D=QQ_____ =
vail X-
g 1 — . 146.67 302.81 345.80 6.67 : 327.95 436.35 146.67 146.67 236.64 146.67
Available Flex- = :
N2 21 2849 HI0 85 000 000 147269 0.00 3335.75 147269 382438 0.00 0.00 3750.85 0.00
—_— _\_\_-__'--——.
N Available Flex- o e
Vg = A 1585.24 21.74 1490.80 1585.24 1585.24 1490.80 1852.44 1585.24 1585.24 1747. 24
EENS 2275 22.75 22.61 22.75 22.75 20.12 22.75 18.95 2275 22.75 22.61 22.75 20.12
Category
N-1 LAR 6 6 6 6 6 6 6 3 5 6 6 6 6
N-2 Available Flex-1 3,901 3,363 2,795 2,758 1,052 2,847 2,795 623 584 2,752 2,752 3,440 2,795
N-2 Available Flex-2-1 3,658 3,167 - - 1,252 - 2,860 1,252 3,201 - - 3,167 -
N-2 Available Flex-2-2 88 65 59 1 56 59 59 56 69 59 59 65 59
N-0 LAR 23 23 23 23 23 20 23 19 23 23 23 23 20
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The following insights are established upon review of the project performance, system benefits, and
overall needs in the Valley South systemSystem.

1. The Valley South systemSystem is vulnerable to the risk of unserved energy starting year 2022
under the Effective PV and PVWatts fereecastsForecasts and year 2021 under the Spatial Base
foreeastForecast. The Spatial Base fereecastForecast assumes current levels of DER adoption
persist through the long-term horizon, whereas the other two forecasts adopt DER consistent with
IEPR 2018 forecasts.

2. The unserved energy in the Valley South systemSystem continues to grow beyond the 10-year
planning horizon. This drives the need for solutions that are capable of supporting long-term load
-growth trends in the Valley systemSouth System.

3. The load forecast includes the expected levels of peak reduction from DER technologies over the
long-term horizon. The amount of relief offered by the expected levels were determined to be
insufficient to meet the needs in the Valley South System service territory.

4. Dependency on ren-wireNWA solutionstike (e.g., centralized storage;) drives large investments
and requires periodic upgrades to keep pace with the load--growth trend in the system. Although
these solutions provide N-O and N-1 relief, they offer limited flexibility to support planned,
unplanned;-and or emergency operations in the system (including N-2 outages and HILP events).

5. Dependency on neighboring systems (Valley North and Mira Loma) provides limited relief in terms
of N-O0 and N-1 benefits. While some solutions address the needs in the Valley South
systemSystem, they aggravate the condition in their—ewn—service—territery-the adjacent
subtransmission system. For example, with a transfer of loads to Valley North, the risk of
transformer overload significantly increases in the Valley North service territory. Additional

| transfers from Valley North to its neighbors; provide limited relief over a long-term horizon. These

solutions are also restricted by the capabilities of the neighboring system during peak loading
conditions.

6. A combination of storage and tie-lines to neighboring systems provide improved benefits in
| comparison to stand-alone ren-wirealternativesz=NWAs. These benefits are realized because tie-
lines can be leveraged in combination with local storage capacity. However, these solutions were
| found to require large investments, while only contributing tewardsto N-O objectives in the
system. Although they offer improved flexibility and N-1 benefits, they are not sufficient to

adequately meet all the needs in Valley South.

7. Wire-based alternatives offer the highest relief to meet the needs in the Valley South
systemSystem. These solutions were found to adequately meet the range of forecast sensitivities
while meeting the overall project objectives. With-the-exception-efExcept for the projects that did
not meet the needsobjectives over the study horizon and those with significant implementation
difficulty, wire-based alternatives offer the highest benefits.

8. Inall considered forecasts, the ASP provided the highest aggregated benefits. Aggregated benefits
are derived from the cumulative value of EENSLAR and Flex metriesMetrics that translate into
capacity, reliability, resibeneyresilience, and flexibility needs in the Valley South service area. The
ASP consistently provides the highest aggregated benefits across all considered forecasts.

9. From a capacity perspective, the ASP, San-Biege-Gas-and-ElectrieSDG&E, and Hybrid selution{San
Diege-Gas-and-Eleetriesolutions (SDG&E and Centralized BESS in Valley South) provide the most
relief. Taking into consideration the combination of Flexibilityflexibility and Resilieneyresilience
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| needs, the ASP, Orange County Project, and San-Diege-Gas-&EleetrieSDG&E Project are the most
preferable alternatives.
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6 BENEFIT-COST ANALYSIS (BCA)

6.1 Introduction

The objective of this task iswas to perform a detailed benefit-cost and risk analysis of the ASP and
alternative projects introduced in ehapterSection 5. This framework provides an additional basis for the
comparison of project performance while justifying the business case of each alternative in meeting the
| load growth and reliability needs of the Valley South systemSystem.

is defined as athe value of the impact of a project teon a flrm a household, or souety in general. This
value can be either monetized or treated on a unit basis while dealing with reliability metrics like EENS;
SAIBILAR, Interrupted Power, and SAMPeriod of Flexibility Deficit among other considerations. Net
benefits are the total reductions in costs and damages as compared to the baseline, accruing to firms,
customers, and society at large, excluding transfer payments between these beneficiary groups. All future
benefits and costs are reduced to a present worth (NPV) using a discount rate, and an inflation rate, over
the project lifetime.

| Following the quantification of the present worth of costs and benefits (EhaptersSections 4 and 5), three
different types of analysis have been considered to provide a comprehensive view of the value attributed

to each project. These are traditional BCA, S/unit benefit-cest—analysis—S/UnitBenefit analysis, and
treremental-benefit-costanalysisincremental BCA. These analyses use non-monetized and monetized

benefits consistent with the methodology described in Section 3.3 over the 30-year study horizon.
6.2 Benefit-Cost Calculation Spreadsheet

| All the findings within this ehaptersection are maintained in a spreadsheet outlining the calculations and
associated costs. Hence, three spreadsheets®® are provided that cover three study forecasts (Spatial Base,
| Effective PV, and PVWatts). These spreadsheets are provided with this submission.

The key elements within the spreadsheet are addressed in individual tabs are briefly introduced.

e Summary
=  Summarizes the study results and findings.

e Incremental Benefit-Cost Analysis

= Results and rankings from the incremental benefit--cost analysis.

e Cost Assumptions

= Qutlines the key study inputs and assumptions.

e Baseline System Analysis

= Raw reliability Indices.

39 The three Excel spreadsheets are attached to this report.
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| =  MenetizedThe monetized value of the baseline reliability metrics.

‘ Each spreadsheet address the following information as an individual tab for each alternative project.

e Benefit-cost Quantification to Baseline System

=  Raw reliability indices.
| =  MenetizedThe monetized value of project reliability metrics.
=  Comparison of each project against baseline system performance.

‘ 6.3  Results from Benefit-Cost analysisAnalysis

The benefit-cost analysis is performed for all three forecasts under consideration, consistent with the
methodology described in Section 3.3, and the study results for the following 13 alternative projects are
present.

A.—Alberhill System
B.—San Diego Gas & Electric

C.— SCE Orange County
D.—Menifee

E— Miraloma

F.— Valley South to Valley North

G.—Valley South to Valley North to Vista

H.—Centralized BESS in Valley South

.— Valley South to Valley North and Distributed BESS in Valley South

J—— SDG&E and Centralized BESS in Valley South

K.— Mira Loma and Centralized BESS in Valley South

L.—Valley South to Valley North and Centralized BESS in Valley South and Valley North
M.—Valley South to Valley North to Vista and Centralized BESS in Valley South

6.3.1 Projects’ Cost

The cost for each project is provided by SCE, in the PVRR and Aggregated (Total Capital Expenditure)
representation. The PVRR costs include the investment costs and project expenses and calculated using
the applicable discount rate. The cost of components associated with the design of projects areis
aggregated to develop the Total capital expenditure. For projects that ineludesinclude BESS, the PVRR
costs are offset by revenues generated from market participation. Information regarding the scope of
| prejeethavethe projects has been summarized in ChapterSections 4 and 5.

Table 6-1 provides the present worth and aggregated costs associated with each project. For BESS-based
solutions, the cost varies as a function of the forecast under study. Table 6-2 provides the present worth
| of market participation revenues for the BESS-based solution.
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Table 6-1. Project cestCost (PVRR and Capex)

spatial Base

Present Present

Agg{;engﬂa;ted Worth Agg(r:aa)ted Worth Agg(r:;a}ted i
\ ($M) sm) |
A AlbeMstem Project $545 $545 $545 §545 $545 /./$545
B SDG&E \ S469 $540 S469 $540 /5469/ $540
: +-
C SCE Orange CountN S806 $§951 S806 $951/ S$806 §951
D Menifee \ $315 $358 $315 /szﬁ $315 $358
E Mira loma \\\5290 §328 5290// §328 $290 §328
F Valley South to Valley North 5}85\ $190 _/sés $190 $185 $190
G z?;t'?" SouthitoValiey Nofthitols 73 \ggi/ $270 $285 $270 $285
H Centralized BESS in Valley South S$575 /./51,474\\\\ $923 $2,363 S417 $1,004
Valley South to Valley North and \3\
' Distributed BESS in Valley South 201 2% 2 N R 218 Sl
J SDG&E and Centralized BESSin $559 $923 $701 S\hﬂa $504 $685
Valley South ' S
Mira Loma and tralized BESS
s . M $571 $1,358 $829 $2,156 %M{ $881
Wth to Valley North and
L S tralized BESS in Valley South $358 $1,139 S726 $2,582 $239 S

_~ and Valley North

Valley South to Valley North to
M Vista and Centralized BESS in $291 S470 S400 S951 $S270 $285
Valley South

Effective PV Forecast Spatial Base

Present Present Present
Worth Aggregated Worth Aggregated Worth

($m) (M) (5M) (M)

Aggregated
($M)

(SM)

Alberhill System

A e S474 $545 S474 $545 S474 $545
B SDG&E 5453 $540 $453 $540 $453 $540
C  SCE Orange County 5748 $951 $748 $951 $748 $951
D Menifee $331 $396 $331 5396 $331 $396
E Mira Loma $309 $369 $309 $365 $309 $365
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Effective PV Forecast Spatial Base

Present Present Present
Worth Aggregated Worth Aggregated Worth

($m) (sm) (M) (§M)

Aggregated
(sm)

(SM)

Valley South to

Valley North S0 5221 $207 $221 $207 $221

Valley South to

Valley North to Vista $290 $317 $290 $317 $309 $365

Centralized BESS in
Valley South

= o

$525 $1,474 $848 $2,363 $381 $1,004

Valley South to
Valley North and
Distributed BESS in
Valley South

$232 $326 $228 $354 $200 $218

SDG&E and
J Centralized BESS in $531 $923 $658 $1,473 S479 $685
Valley South

Mira Loma and
K Centralized BESS in $560 $1,396 S601 $2,194 S448 $920
Valley South

Valley South to
Valley North and
L Centralized BESS in $367 $1,172 $700 $2,616 $255 $572
Valley South and
Valley North

Valley South to
Valley North to Vista
and Centralized BESS

in Valley South

$289 $505 S404 $986 $269 $307
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Table 6-2. Present Worth of Market Participation Revenues

Present Worth of Present Worth of BrSssnt Wos:
Market Participation | Market Participation e -M-ark?t
Revenue (SM) Revenue (SM) Pait\Cpation
£ Revenue (SM)
H Centralized BESS in Valley Sou /STOS S47

| Valley South to Valley North and 85 )
Distributed BESS in Valley South \ /
| SDG&E and Centralized BESS in Valley /\ §19 )
South

ol =g
Mira Loma and Centralized BESS-i
§ Valley South /554{ $25 \55]\ 58
Valley So;:;h/tomﬁy North and ]
L Centralized BESS in Valley South and $12 $57 T~ 4
Valley North

Valley South to Valley North to Vista

and Centralized BESS in Valley South 52 $11 i

Wholesale Energy and Ancillary Service markets

Effective PV Forecast Spatial Base
Present Worth of Present Worth of Priielc:;yx:trth
Market Participation | Market Participation Participation
Revenue (SM) Revenue ($SM) Revenue ($M)

H Centralized BESS in Valley South $70 $109 S47

| Valley South to Valley North and $2 $5 i
Distributed BESS in Valley South
SDG&E and Centralized BESS in Valley

! South = S )
Mira Loma and Centralized BESS in

K Valley South »25 o5 »8
Valley South to Valley North and

L Centralized BESS in Valley South and S12 S57 sS4
Valley North

M Valley South to Valley North to Vista $2 $11 i

and Centralized BESS in Valley South
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Capacity and Resource Adequacy Markets

Effective PV Forecast Spatial Base PVWatts
Present Worth of Present Worth of Present Worth
s L of Market
Market Participation Market Participation .
Revenue (SM) Revenue (SM) Participation
Revenue ($SM)

H Centralized BESS in Valley South $48,515 $74,932 $34,058
Valley South to Valley North and

I Distributed BESS in Valley South S 18 i

) SDG&E and Centralized BESS in Valley $3.579 $13,712 i
South
Mira Loma and Centralized BESS in

K Valley South $18,124 $36,287 $6,395
Valley South to Valley North and

L Centralized BESS in Valley South and $10,185 $37,148 $2,798
Valley North

M Valley South to Valley North to Vista $1,000 $7 841 i

and Centralized BESS in Valley South

6.3.2 Baseline systemSystem Analysis

From the baseline system, the raw reliability indices computed in Section 4.2 are reflective of the overall
impact teon customers in the Valley South service territory. The monetization of EENS and Flexibility
benefits demonstrate the aggregated cost impact to customers in the region. All benefits have been
monetized consistent with the methodology outlined in in-Section 3.3 and derived as present worth. Table
6-3 below—presents the aggregated costs—asseciated—with—each—monetized—eategory, taking into
consideration the combination of Residential, Small & Medium Business and Commercial & Industrial
customers.
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Table 6-3. Baseline systemSystem Monetization

Effective PV Spatial Base PVWatts
Forecast Forecast Forecast

N Residential (N-1) Monetized EENS (S) 1,363,590 4,652,003 355,031
Em\memal(l\l-l) Monetized EENS ($) 5,658,198 19,303,420 1,47 3,1/3/
Agg\mgate Monetized EENS (S) 7,021,788 23,955,422 /; )%zé,/z 25
Residential (N-0) Monetized EENS ($) 55,025,531 122,402,385 24,322,737
Commercial(N-0) MM_ed EENS (5) 242,736,972 524,6 ,1351 111,616,614
Aggregate Monetiza\EE\NS () 297,762,503 /;ﬂ{oez,szo 135,939,351

Residential (N-0) Mone:;:i‘-jl\‘(r?}ue e

Commercial(N-0) Monetized Value for /,0/71,746, 0 6,767,294,420 2,937,031,377
Flex-1 ($) J
-
5,060,122,184 \wg,gs&ﬂo 3,649,966,661

88,376,054 1,642,693,710 712,935,284

Monetized Value for
Aggregate

Flex-1
tized Value
Residential Monetized Value for 134,980,721 148,280,8& 126,326,350
e Flex-2 ($) ~
Monetized Value f
Commefcial RS e s et 583,334,131 637,917,498 547,594,065
o Flex-3 ($) \
/qggregate TR L A LS 718,314,852 786,198,371 67 3,920,415\\.\_
Flex-4 (S) .
Aggregate (SM) 6,083 9,867 4,462

Categor Effective PV Spatial Base PVWatts
gory Forecast Forecast Forecast

Monetized Value for

NG N1 128,357 436,189 35,182

Monetized Value for
NG N 2,530,518,587 6,000,480,385 1,029,268,277
MilenEEee VS e 6,191,361 9,548,557 4,973,430
Flex-1

Miteeinse Vi) 1,765,322,893 1,816,115,205 1,722,124,246

Flex-2 (S)

Aggregate (SM) 4,302 7,827 2,756
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The results demonstrate that the aggregated range of cost impacts accrued by the customer range from
| 4-42.7SB to 97.85B over the horizon of forecast uncertainties captured by this analysis. Projects that

effectively reduce the customer costs in all benefit categories are most suitable to address the growing
| needs in the Valley South systemSystem.

6.3.3 Benefit-Cost Analysis

The ratio of benefit-cost has been derived across the long-term study horizon. The costs are adopted from
Table 6-1 and the monetized benefits are derived using the methodology in Section 3.3. Only relevant
benefit categories have been monetized where the energy unserved component is calculated, including
EENS, Flex-1, Losses, and Flex-2.

| Table 6-4 to Table 6-6 exhibit the benefit--to--cost ratio for the 13 alternatives under three forecasts,
wherein alternatives can be ranked against the benefit to cost ratio.

Table 6-4. SCE Effective PV Forecast — BCB/C Ratio

EI

Mira Loma $3,548 r 12.23 |
A Alberhill System Project $6,063 . 11.12 |
M Valley South to Valley North $1,948 .—E

Valley South to Valley North and Distributed BESS in

F Valley South $2,012 I 10.01
- | ern
I 736

SDG&E and Centralized BESS in Valley South $4,373 7.82
C Valley South to Valley North to Vista $1,988 7.3
ValTey South to Valley North to Vista and Centralized
K N $2,140 7.35
BESS in Valley South
G Menifee $2262 | 7.18
E Mira Loma and Centralized BESS in Valley South $3,740 I 6.55
D Centralized BESS in Valley South $3,633 2

SCE Orange County $5,095 2
B SDG&E $2,939 I 6.27

Valley South to Valley North and Centralized BESS in
J $2,149 6.00
Valley South and Valley North
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D Menifee 3608 Loz |
F Valley South to Valley North $2,156
I Valley South to Valley North and Distributed BESS in Valley South $2,165 . 9.33 |
A Alberhill System Project $4,282 . 9.03 |
SDG&E se001 | 884 |
M Valley South to Valley North to Vista and Centralized BESS in Valley $2,468 N,
South
G Valley South to Valley North to Vista $2,470 . 8.52 |
E  MiraLoma s60 [ 842 |
J SDG&E and Centralized BESS in Valley South $4,041
L Valley South to Valley North and Centralized BESS in Valley South $2.502 A
and Valley North
K Mira Loma and Centralized BESS in Valley South $3,132 9
C SCE Orange County $4,021 I 5]38
H  Centralized BESS in Valley South $2,535 D.83

Table 6-5. SCE Spatial Base Forecast — BCB/C Ratio

b Jproject [eenefit (sw)laenefi-cost Ratio

A Alberhill System Project $9,839 . 18.05
F Valley South to Valley North $3,270 . 17.68 |
| Valley South to Valley North and Distributed BESS in Vall ~ $3,628 . 17.03
E Mira Loma $4,774 . 16.46
G Valley South to Valley North to Vista $3,466 . 12.84 \
D Menifee $3884 | 1220]
C SCE Orange County $8,265 . 10.25
M VaIIeY South to Valley North to Vista and Centralized 43,975 9.1
BESS in Valley South I
B SDG&E $4,597 l 9.%0
K Mira Loma and Centralized BESS in Valley South $6,932 I §.36

SDG&E and Centralized BESS in Valley South $4,992

) B
Valley South to Valley North and Centralized BESS in
L $4,114 5.67

Valley South and Valley North
H Centralized BESS in Valley South $3,422
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Benefit ($M)|Benefit-Cost Ratio
Menifee $7,202 21.76

Alberhill System Project $7,789 16.43
SDG&E $7,219 15.94

Mira Loma $4,765 15.42

Valley South to Valley North to Vista $4,618

""”"QWZDUH

Valley South to Valley North $2,618 12.65

| Valley South to Valley North and Distributed BESS in $2,738 I ol
Valley South

M VaIIeY South to Valley North to Vista and Centralized $4,772 I g &
BESS in Valley South

J SDG&E and Centralized BESS in Valley South $7,524 l 11.I43

K Mira Loma and Centralized BESS in Valley South $6,605 I 10]99

C SCE Orange County $7,259 [j]l

L Valley South to Valley North and Centralized BESS in $6,018 I ST
Valley South and Valley North

H Centralized BESS in Valley South $6,009 I: 7.09

Table 6-6. PVWatts Forecast — BCB/C Ratio

# JProject ______________________|genefit (sM)]Benefit-Cost Ratio

H  Mira Loma $2,673
A Alberhill System Project $4,444
Valley South to Valley North and Distributed
. $1,346 7.27
BESS in Valley South
M Valley South to Valley North $1,346 . 7.27 |
E Mira Loma and Centralized BESS in Valley South $2,766
Valley South to Valley North and Centralized
. $1,357 5.68
D Centralized BESS in Valley South $2,356
G Menifee $1,619
L SDG&E and Centralized BESS in Valley South $2,568 :
C Valley South to Valley North to Vista $1,356 2
Valley South to Valley North to Vista and
. . $1,356 5.02
Centralized BESS in Valley South
B SDG&E $2,209 . 4.|71
I SCE Orange County $3,720 2
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# Jproec ______________[senciit(sm) |Benefit-Cost Ratio

D Menifee $2,381

A Alberhill System Project $2,739 . 5.78

B SDG&E $2,520 . 5.56

) SDG&E and Centralized BESS in Valley South $2,520

E Mira Loma $1,511

| Valley South to Valley North and Distributed BESS in Valley $955 N
South

F Valley South to Valley North $955

L Valley South to Valley North and Centralized BESS in Valley $1,039 I X
South and Valley North

M Yalley South to Valley North to Vista and Centralized BESS $1,036 I L
in Valley South

K Mira Loma and Centralized BESS in Valley South $1,625 3.63

C SCE Orange County $2,533 I 3|39

G Valley South to Valley North to Vista $1,036 35

H Centralized BESS in Valley South $1,032 I: 2.71

As Table 6-4 demonstrates, for the effective PV forecast the MenifeeMira-tema project renders the largest
benefit to cost ratio of $2-211.02. Although the MenifeeMira-Lema project has the largest benefit to cost
ratio, its cost of $290M331M is 5660% higher than the least expensive project;, i.e. Valley South to Valley
North with a cost of $185M-{Fable6-1}while-207M (Table 6-1). However, the benefit-to-cost ratio is160f
the Valley South to Valley North is 10.41, which is 6% higher. In other words, the Miratema-additional
benefits40% cost of the Menifee project as compared againstto the Valley South to Valley North is-less
than-theproject renders 6% of additional eest—Heneeby-usingthe-benefit-. The benefit-to-cost ratiothe
actual-costand-benefitameountsare is one element to consider in determining whether or not individuaty
consideredanhd-projectsaresufficientlya project should be implemented. While it provides an indication
of each project's performance, it does not eempared-adequately provide a measure to compare
alternatives.

The best project among a set of alternative projects is not necessarily the one that maximizes the benefit
te-eostratio—to-cost ratio. The benefit-to-cost analysis is a measure consider in the determination to
reject or approve a project. But when it comes to the selection among alternatives and the process of
reliability improvement projects, an incremental benefit-cost analysis should be conducted. The
incremental benefit-to-cost analysis methodology is based on the principle of spending each dollar
funding the project that will result in the most benefit, resulting in an optimal budget allocation that
identifies the projects that should be funded [10].

To conduct a correct selection among alternative projects with widely disparate benefits an incremental
analysis approach to evaluating benefits and costs is necessary [29]. This approach is presented in Section
6.3.4.
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6.3.4 Incremental Benefit-Cost Analysis

As described earlier, the incremental analysis starts with ranking alternatives in the ascending order of
inereasingthe present worth of costs-with. The do-nothing with zero cost is then selected as the baseline;,
i.e. alternative “0-~Fhen-the”. The next expensive project is then considered, and the incremental benefit-
to-cost analysis is then conducted to determine if such a selection should be made or not. The incremental
benefit to cost ratio between the baseline and the next expensive alternative is evaluated, which in this
case is alternative “F;”, i.e. Valley South to Valley North-in. Alternative “F” versus baseline incremental
benefit-cost ratio was evaluated using the present worth of monetized benefits versus PVRR costs. Since

In general, a project is selected if #tsthe incremental benefits exceed its incremental cost. Fhe-selection
This approach can be gualitativeconducted for non-monetized benefits—As—explained—abeve,—for-and
monetized benefits;-the-rext-expensiveproject. The non-monetized selection is qualitative and subjective
as the selection is based on individual indices performance. The monetized analysis is selected-over
baselinesolely based on a single incremental benefit-to-cost ratio. Both non-monetized and monetized
incremental cost-benefit analyses are depicted in the following tables. As the selection under non-
monetized analysis is subjective, the results are presented for demonstration only.

For monetized incremental cost-benefit analysis, if the incremental benefitto-cost-ratio is greaterlarger
than Z-unity the next expensive project “F” is selected. Once a selection is made, the selected alternative
replaces the baseline. This selection is demonstrated as “0-2>F” in Table 6-8. The process continues
through the list of alternative projects, which are ranked in ascending cost order; until the list is exhausted.
At the next step, the second least expensive project, i.e. “I” is compared to the baseline project “F”. Project
“1” was not selected as the incremental benefit-to-cost ratio is less than unity, and hence “F” remains as
the baseline project. The incremental benefit-cost analysis will continue by iterating between the baseline
and the next expensive alternative. The selection will stop once the incremental benefit-cost ratio
becomes unfavorable or the list is exhausted. Again, while this incremental approach is preferred relative
to a traditional BCA for comparing alternatives but needs to be balanced with other project considerations
such as environmental impact and risks. Again, while this incremental approach is preferred relative to a
traditional BCA for comparing alternatives but needs to be balanced with other project considerations
such as environmental impact and risks.

For monetized benefits, the criteria to move forward to the next expensive project is considered as a
positive (total) aggregated value greater than unity. As one moves along the trajectory of the least cost
solutions, the more positive numbers are indicative of improved monetized benefits in each of the
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categories. If the next expensive alternative presents more favorable returns, and a decision to stop at
the previous solution is made, it is representative of benefits that are available but not realized.

| The incremental benefit--cost analysis of the monetized benefits areis presented in Table 6-8, Table 6-10,
and Table 6-12 for the Effective PV, Spatial Base, and PVWatts forecasts respectively.

| The incremental benefit--cost analysis of non-monetized benefits areis presented in Table 6-7, Table 6-9,
and Table 6-11 for the Effective PV, Spatial Base, and PVWatts forecasts respectively. The selections were
conducted qualitatively and are presented for reference only.

CONFIDENTIAL/PROPRIETARY © 2019 QUANTA TECHNOLOGY, LLC G-2, Page 389




®

QUANTA
TECHNOLOGY

Table 6-7. Non-Monetized Benefits — Incremental Benefit--Cost Analysis — Effective PV Forecast

REPORT

ALBERHILL SYSTEM PROJECT ALTERNATIVES ANALYSIS | SCE

"

Alternative selection

0>F E>D EoL E>B E>A A A>K | ADH A C

N-1 | EENS T 29.74 7.05 : -7.02 795 | —16.33 371 169

N1 | IP 2.71 0.89 -0.69 -0.4 2.14 -0.69 0.11

N-1 | SAIDI 3.03 054 -039 | —-026 0.25 0.53 -0.12 0.02

N-1 | SAIFI 0.04 0 —0.01 -0.01 0.01 -0.01 0.00

N-1 | PFD 233 —0.81 -0.59 -0.37 -0.76 3.36 -0.35 0.09

N-1 | Available Flex-1 4 7285 165.77 -281.29 3623.98 2618.21 2048.82 105.21

N-1 | Available Flex-2-1 0 438061 | -5075.61 | 36950.75 | 49780.02 | 5990147 | 1887.27

N-1 | Available Flex-2-2 -2855.24 -475.34 -1137.07 | 1463331

N-0 | EENS -40.78 | 731 —]__-552 | 005

N-0 | 1P 234 124 -100—]__0.02

N-0 | SAIDI -1.92 -0.16 -0.11

N-0 | SAIFI -0.04 -0.01 -0.01

NO | PFD_— -0.64 -0.18 -0.14 -0.02 -0.01 0 001

cision to move forward (Y/N) Y N Y N N N N
Category Alternative selection
0->F I>E 1->D I->L 1> B B>A A->H A=) A->K A->C
N-1 | LAR -9.76 2.70 1.62 -0.46 -2.33 5.19 -2.18 -1.95 -1.21 1.61
N-1 | IP 0.07 0.02 -0.16 0.97 -0.41 -0.36 -0.22 0.10
N-1 | PFD 0.27 -0.07 -0.35 0.49 -0.21 -0.19 -0.08 0.08
N-1 | Available Flex-1 -4246.92 3867.35 1072.45 1632.88 417.77 -2301.95 11260.63 1701.88 4359.75
N-1 | Available Flex-2-1 0.00 0.00 0.00 -4889.92 24377.09 9482.20 560.54
N-1 | Available Flex-2-2 -95.31 -2.28 0.98 0.41 -8.82 566.20 130.93 123.78 22.58
N-0 | LAR -36.29 -1.28 -14.17 -8.24 -4.59 -4.67 -0.01 -0.01 -0.01 0.36
N-0 | IP -0.74 -0.57 -0.51 -0.16 -1.55 -0.01 -0.01 0.00 0.12
N-0 | PFD -0.10 -0.35 -0.20 -0.10 -0.18 -0.01 -0.01 0.00 0.01
Decision to move forward
Y Y N N Y Y N N N N
(Y/N)
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i -
Alternative selection
Category
0>F | Fa34+] 126 1>E ES>M E-D E>L E>8 | E5A A=) AK A3H ASC
N-0 EENS 135 0.16 0. 257 098 | 033 0.26 0 0.00 0.00 -002
N-0 Losses 0 0 0 0 0.01 —0.01 0.01 -0.08 -0.15 -0.12 -0.01
N-1 EENS 0.01 0.05 0 0 0.03 0.02 0.03 0.02 0.00
N-1 Flexibility-1 8.23 3.77 -0.87 -60.33 -20 -4.95 7.95 -106.14 -73.28 -57.85 -2.97
N-1 Flexibility-2-1 ) ) = 31 -1.71 —_1.01 118 -8.7 -11.61 -13.04 044
N-1 Flexibility-2-2 0.95 01— 0 -0.12 0.44 0.16 017 —|—04s | 578 | 427 -0.26
Total Aggregate JJ.D.SS""F 3.97 0.24 17.26 -1408.14 -51.43 -20.57 -3.42 9.85 ‘H"*-‘izpél -89.17 -80.B5 -3.70
Decision to move forw Y Y N Y N N N N Y N H\k N N
H\‘*‘\._
Category Alternative selection
0->F F>1 F>M
N-0 EENS 10.356 0.373 3.832
N-0 Losses 0.001 0.000 0.000
N-1 EENS 0.0005 0.0003 0.0001
N-1 Flexibility-1 0.020 0.009 -0.025
N-1 Flexibility-2-1 0.000 0.000 0.000
N-1 Flexibility-2-2 0.036 0.000 0.000
Total Sum of AB/AC (aggregate) 10.413 0.382 3.808
Decision to move forward (Y/N) Y N Y

CONFIDENTIAL/PROPRIETARY

© 2019 QUANTA TECHNOLOGY, LLC

G-2, Page 391



w u U A N .I. A REPORT
ALBERHILL SYSTEM PROJECT ALTERNATIVES ANALYSIS | SCE
‘ Table 6-9. Non-Monetized Benefits — Incremental Benefit--Cost Analysis — Spatial Base Forecast
\&% Alternative selection
0F F1 196 19E E2D E2M E2B AD) AL A C— ADK A H
N-1 | EENS -7.95 -0.03 -7.04 5.12 1.63 -1.88
N1 | e 0.71 -0.35 0.75 0.24 0.26 -0.15
N-1 | SAIDI -2.02 -1.79 0.68 0.1 0.06 -0.02 -0.16
N-1 | SAIFI 0 0 -0.01 -0.01 0.00 0.00 0.00
N-1 | PFD -0.1 0.05 -1 0. 0.24 0.65 -0.06
N-1 | Available Flex-1 172.3 .42 118.77 1063.79 180.04 301.56 533.43
N-1 | Available Flex-2-1 0 0 0 -6656. 3] -4415.29 -5295.44 | 3589.74 2043.52 | 4754.71 | 4928.21
N-1 | Available Flex-2-2 -95.03 | 46. 76 -1534.47 | -348.74 58492 | -1507.84. _905.01
N-0 | EENS -58.95 9554 | -62.55 -9.71 -25.49 %
NO | IP -2.28 -1.88 -3.29 -2.39 -2.26
N-0 | SAIDI [ 335 -0.33 -1.32 -0.97
N-0 | SAIFI -0.06 -0.01 -0.08 -0.01 -0.03 -0.02
N-0 | PFD -0.66 -0.17 -1.28 -0.85 -0.19 -0.41 -0.34
Decision to move forward (Y/N) Y Y N ¥ N N N ¥ N N N N
Category Alternative selection
0->F F-> 1 F>G F->E F->D F>M F->B B->A A-> K A->) A->L A->C A->H
N-1 LAR 0.00 0.00 31.55 -5.09 -3.90 11.27 4.88 -1.90
N-1 | IP 0.00 1.12 0.00 -0.41 -0.32 0.50 0.23 -0.15
N-1 | PFD 0.00 5.00 0.00 -0.14 1.78 0.22 -0.06
N-1 | Available Flex-1 0.00 15579.17 0.00 -3931.32 1402.82 3432.07 1275.30
N-1 | Available Flex-2-1 -4264.18 -4494.37 1038.97 650.75 3467.34
N-1 | Available Flex-2-2 -4.86 0.00 0.00 -10.07 55.44 56.05 31.36 94.63
N-0 | LAR -50.13 -52.58 -40.28 -0.19 -0.15 2.84 -0.09
N-0 | IP -3.03 0.86 -3.21 -1.39 -0.04 -0.03 0.52 -0.02
N-O | PFD -0.59 -0.94 -0.66 -0.03 -0.03 0.04 -0.02
Decision to move
Y N N N N N Y Y N N N N N
forward (Y/N)
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Table 6-10. Monetized Benefits — Incremental Benefit--Cost Analysis — Spatial Base Forecast

Cutegiiy H“““*x\_ Alternative selection /
0>F 126G 19E E-D EM EB EDA ] AL A C A K A H
N-0 EENS 1.56 049 | B9 | 167 0.72 099 | — 084
N-0 Losses 0.00 0.00 0.00 0. 0.00 0.00 -0.01 -0.01 -0.01
N-1 EENS 0.03 0. 006 | o011 | o007 0.02 0.00 0.01
N-1 Flexibility-1 -5.94 7. -3.31 . -2957 | -2848 -5.06 -14.99
N-1 Flexibility-2-1 0.00 0.00 _000—" 151 -1.06 1.00 121 -0.83 -0.47 1.1
N-1 Flexibility-2-2 004 | -0.02 -0.18 0.52 0.12 0.20 056 -0.35 -0.50
Total Aggregate : 12.78 -2.85 14.88 -37.21 -7.26 -1.01 19.84 -31.06  ——-31.60 -6.02 -10.22 -16.96
Decision to move foW Y Y N Y N N N Y N N —N_ N N
Alternative selection
Category
0->F F>1 1->G G-E E->D D->M D->B B->A A-> K A=) A->L A->C A->H
N-0 EENS 12.57 5.63 30.34 -1.16 13.86 0.10 0.07 0.05 -0.97 0.03
N-0 Losses 0.00 0.00 0.00 0.01 0.00 0.00 0.03 -0.01 -0.01 -0.01
N-1 EENS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N-1 Flexibility-1 0.03 0.04 -0.01 0.02 -0.01 0.12 -0.02 0.00 0.00 -0.02 0.00
N-1 Flexibility-2-1 0.00 0.00 0.00 1.28 12.89 -9.32 -1.47 -7.85 -0.92 -4.74
N-1 Flexibility-2-2 0.04 0.00 0.00 0.02 0.00 0.01 -0.02 0.02 001 | 004 |
Total Sum of AB/AC (aggregate) 12.65 5.68 30.33 7.76 0.11 27.06 -9.29 -1.43 -7.81 -1.92 -4.75
Decision to move forward (Y/N) Y Y Y Y Y N Y Y N N N N N
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Table 6-11. Non-Monetized Benefits — Incremental Benefit--Cost Analysis — PVWatts Forecast
i WD Alternative selection
01 19F 12L LG LM EH E2K E2B E=>) E2A—1 A9C

N-1 | EENS __-0.62 0.00 0.00 0.00 0.00 -3.90 -1.72 231 | -191 0.62

N-1 [P 0.16 | 0.00 0.00 0.00 0.00 -0.74 -0.27 —_-044 -0.36 0.06

N-1 [ SAIDI 0.00 — 0.00 0.00 0.00 -0.05 -0.02 —] -0.03 -0.03 0.01

N-1 | SAIFI 0.00 0.00 ~000—| 000 0.00 0.00 | 0.00 0.00 0.00 0.00

N-1 | PFD 0.00 0.00 000 0.00 X 0.04 -0.19 -0.15 0.16

N-1 | Available Flex-1 -211.58 0.00 0.00 0.00 0.00__ -15.05 129.66 37.37 -197.23 78.20

N-1 | Available Flex-2-1 0.00 0.00 0.00 0.00 0.00 0.00 -4318.39 | -3612.11 | -4978.80 1811.70

N-1 | Available Flex-2-2 0.00 0.00 0.00 000 0.00 -421.76 | -352.78 -953.54 526.08

N-0 | EENS 0.00 -4.45 0.36—| 0.44 -2.53 -1.97 -1.64 -1.38 0.00

N-0 | IP -2.85 0.00 -1.41 0.20 0.20 -0.79 -0.61 -0.51 -0.43 0.00

N-0 | SAIDI -0.27 000 | —-0.09 0.00 0.00 -0.12—|__-0.09 -0.08 -0.06 0.00

N-0 | SAIFI -0.01 3 -0.01 0.00 0.00 -0.01 0.00 |~ 0.00 0.00 0.00

N-0 | PFD 040 0.00 -0.15 0.03 0.03 -0.11 -0.08 -0.07 -0.9_5;‘“ 0.00

DQW" Y N Y N N N N N Y N

Y/N)
Category Alternative selection
X L>M L>G L>D L>H L>K L>B B>A A>) A>C
N-1 | LAR -4.30 0.00 0.00 0.00 -0.52 -0.34 -0.33 0.40 -1.69 0.59
N-1[1IP -0.70 0.00 0.00 0.00 -0.09 -0.06 -0.05 0.17 -0.71 0.06
N-1 | PFD -0.86 0.00 0.00 0.00 -0.10 -0.07 -0.07 0.09 -0.37 0.06
N-1 | Available Flex-1 3562.31 894.61 0.00 -449.40 9013.34 414.29 1779.07 -718.29 2924.49
N-1 | Available Flex-2-1 0.00 0.00 0.00 0.00 0.00 -7882.61 0.00 -2205.50 -5394.24 516.40
N-1 | Available Flex-2-2 -89.61 0.00 0.00 0.00 -2.37 19.50 141.18 5.46 -8.89 18.02
N-0 | LAR 0.00 -4.37 0.81 0.21 0.00 0.00 0.00 0.00 -0.01 0.00 0.00
N-0 | IP 0.00 -1.38 0.44 0.11 0.00 0.00 0.00 0.00 -0.01 0.00 0.00
N-0 | PFD 0.00 -0.15 0.07 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Decision to move
Y N Y N N N N N Y Y N N
forward (Y/N)
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Table 6-12. Monetized Benefits — Incremental Benefit--Cost Analysis — PVWatts Forecast
-‘-H-““ - -
Citegory Alternative selection
01 I F— | 1L LG 1> M LDE E>D EH E>K | E>8 E) EDA
N-0 EENS 0 021 | -0.02 -0.02 014 | 0.3 0.1 0.08 0
N-0 Losses 0 0 0 e 0 0.01 0 0 0.01 0.01
N-1 EENS 0 0 0 0 0
N-1 Flexibility-1 5.74 0 0 0 0 - -0.58 0.52 -3.87 -1.56
N-1 Flexibility-2-1 0 0 0 0 e 2.27 0 1 0.84 2.83
N-1 Flexibility-2-2 0.86 0 0 00— | 0 -0.19 0.39 0 0.15 0.13
Total Aggregate 7.27 0 - 021— |  -0.02 -0.02 25.81 -42.18 -2.5 —0.66 -2.61 -0.51 45.74
Decision to move forward / =
Y Y N N Y N N N N Y Y
(Y/N) B
Alternative selection
Category
0->1 I>F I>L L>M L>G D>H DK D->B
N-0 EENS 0.00 1.53 -0.19 -0.05 0.00 0.00 0.00
N-0 Losses . 000 | 000 0.00 0.00 0.00 0.00 0.00 0.02
N-1 EENS 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N-1 Flexibility-1 0.01 0.00 0.00 0.00 0.00 -0.02 -0.02 -0.01
N-1 Flexibility-2-1 0.00 0.00 0.00 0.00 0.00 10.89 -6.44 1.12
N-1 Flexibility-2-2 0.03 0.00 0.00 0.00 0.00 -0.01 0.00 0.01
Total Sum of AB/AC 4.77 0.00 1.53 -0.19 -0.05 8.74 -6.47 1.12
(aggregate)
Decision to move forwar
ecision to move forward . 5 . . . . . .
(Y/N)
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6.3.5 Levelized Cost Analysis ($/Unit Benefit)

Table 6-13 to Table 6-15 presents the $/Unit Benefit obtained for each alternative under evaluation. The
levelizedLevelized cost/benefit ratio for each reliability index (EENSLAR through PFD) is calculated for each
alternative. For example, in Table 6-13, 0.2916 as listed under column A and row N-1 EENSLAR is the ratio
of Alberhill project $545474 M (Table 6-1) net present cost to present worth of N-1 EENSLAR over study
horizon of 2,943896 MWh.

A smaller N-1 EENSLAR value implies a more cost-effective solution. Along each row, the ratios are heat-
rmap—ranked using heat-mapping, with green and red marking the most favorable and the most
unfavorable sidesends of the spectrum. The rightmost three columns, Alternative Rankings, identifies the
first three prejeetprojects per reliability index. The table bottom row, Count of Rank #1, provides the
frequency that an alternative ranked first.
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| Table 6-13. Levelized cost-analysisCost Analysis (Present Worth of Cost $/Present Worth of Benefit) for each Alternative

Effective PV Forecast
Valley Vall
valley South to %:t:‘t’o
Valley South to SDG&E Mira Loma Valley Valley
M SCE Mira S::Itl:‘t'o Southto | Centralized N:::e:n il :"‘:_ . :"‘:_ ’ gzr:r:f.':; North to
System \sea&i Orange | Menifee : Valley BESS in il ool bl ; Vista-and Alternative Ranking
) Loma Valley Distributed BESS in BESS in BESS in :
Project w North North to | Valley South BESS in Valley Valley Vall entralized
L valley South South /sm?r: BESS i
Valley
\ South / Valley South
North
Reliability Metrics A 3 C D G H I ) L M Rank #1 | Rank #2 | Rank #3
N-1 EENS ¢ 0.32 0.43 B J A
N-1 P J 7.67 8.37 7.7 - 5.96 953 B J A
N-1 SAIDI 5.4 R 4.62 6.8 5.53 B E A
N-1 SAIFI 406.88 5.52 ) 848.68 689.85 B J A
N-1 PFD 1.3 1.09 1.18 _ - 101 | 133 1.3 1.32 1.07 3 [ C
N-1 Flex-1J, 0.0053 0.005 0.0043 - 0. 0.0051 0.005 E A F
N-1 | Flex-2-1J 0.0004 | 0.0006 . 0.0004 D A B
N-1 Flex-2-24, | 0.0007 | 0.0008 | 0.0013 0.0006 0.001 0.0011 0.0007 F | G
NO | EENSY | 006 | 0.05 0.04 0.04 0.03 - 006 | 007 | o0o0a_ | 0.0 F I G
N-0 ([ 0.64 0 037 0.49 066 | 067 042 | B I G
N-0 SAIDI 4 La§//1.15 0.78 0.77 e 0.89 3 1 G
No | sairy | -s9.16 [ 5139 3431 | 37.11 9 60.67 38.85 sl ) G
N-0 /PM 3.72 3.29 217 | 261 381 | | 244 | 2 - G
of Rank #1 0 4 0 1 1 7 0 0 0 0 0 0 0
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Valley Valle
Valley South to South ‘tlo
Mira Loma | South to Valley SDG&E
Valley and Valle North and Valley and Valle
Alberhill Southto | Centralized Centralize | North aynd SCE Centralize North to Centralize | South ?clo
System SDG&E Valley BESS in . L Menifee Mira Loma Orange . Vista and . Alternative Ranking
. d BESS in Distribute d BESS in . d BESS in Valley
Project North to | Valley South . County Centralize
. Valley d BESS in Valley . Valley North
Vista d BESS in
South Valley South and South
Valley
South Valley South
North
Reliability A B G H K | D E C L M ) F #1 #2 #3
Metrics
N-1 LAR 0.16 0.15 0.12 0.17 0.19 0.14 0.14 0.14 0.11 0.18 F | M
N-1 P J 3.57 2.94 2.62 3.42 3.70 2.99 2.95 3.17 2.50 3.45 F | M
N-1 PFD J 1.13 1.05 0.88 1.22 1.31 1.01 0.96 1.01 0.79 1.23 F | M
N-1 Flex-14, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 F | G
N-1 FI:I:Z- 4.20E-04 4.09E-04 7.22E-04 6.86E-04 4.92E-04 A D B
N-1 FI:I:Z- 1.62E-02 2.08E-02 1.47E-02 3.02E-02 1.17E-02 1.68E-02 1.67E-02 3.25E-02 1.86E-02 1.46E-02 2.44E-02 F | M
N-0 LAR 4 0.05 0.05 0.03 0.06 0.06 0.03 0.04 0.04 0.04 0.03 0.06 F | M
N-0 Py 0.56 0.55 0.36 0.62 0.66 0.39 0.52 0.43 0.35 0.62 F | M
N-0 PFD J 3.24 3.17 2.10 3.58 3.81 1.93 2.28 2.78 2.50 2.07 3.62 | M
Count of Rank
#1 1 0 0 0 0 0 0 0 0 0 0 0 8
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| Table 6-14. Levelized cost-analysisCost Analysis (Present Worth of Cost $/Present Worth of Benefit) for each Alternative

Spatial Base Forecast
Valiey Valle
Valley South to South Io
valley South to SDG&E Mira Loma Valley valley
M SCE ‘ Valley South o Centrall‘zed Valley and‘ and‘ North a'md North to
Mira South to BESS in North and | Centralized | Centralized | Centralized . )
System &E Orange | Menifee Valley St 2 Vis d Alternative Ranking
Project ¢ Loma Valley North t Valley Distributed BESS in BESS in BESS in entralized
do o O\MY North %ista 9 South BESS in Valley Valley vall BESS in
Valley South South h and
Valley
South Valley South
North
Reliability Metrics & F G K L M Rank #1 | Rank #2 | Rank #3
N-1 EENS 0.11 0.13 0.1 0.12 B A J
N-1 Py 5.56 5.65 8. 6.2 7.33 B A J
N-1 SAIDI ¥ 0.76 0.72 0.77 0.63 B | E
N-1 | SAIFI 13175 | 147.46 | 148.47 | 217.97 113.78 148.31 B A J
N-1 PFD ¢ 1.31 081 | 065 0.74 131 | 1.03 F I E
N-1 Flex-1, 0.0032 | 0.0032 0.0027 0. . 0.0039 0.0036 A F |
N-1 | Flex-2-1J X 10.0004 | 0.0006 0.0005 D A B8
N-1 Flex-2-24, | 0.0006 | 0.0007 | 0.0011 a 0.001 0.0014 0.0012 0.0006 F | G
N-O | EENS 0.03 0.02 0.02 0.03 . 003 | 002 D G F
N-0 Py 0.41 0.52 . 054 F | D
N0 | saiDid | 031 027 0.35 0.4 D G E
NOo | sairid 243 | 2155 19.56 31.09 D~ G E
NoO | PO 1.96 1.77 1.68 2.47 D ol F
Count of Rank#1 [ 1 4 0 5 0 0 0 0 0
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Valley Valle
Valley South to South ‘tlo
Mira Loma | South to Valley SDG&E
Valley and Valle North and Valley and Valle
Alberhill South to Centralized Centralize | North aynd SCE Centralize North to Centralize South ‘t,o
System SDG&E Valley BESS in Valley . N Menifee Mira Loma Orange . Vista and . Alternative Ranking
. d BESS in Distribute d BESS in . d BESS in Valley
Project North to South . County Centralize
. Valley d BESS in Valley . Valley North
Vista d BESS in
South Valley South and South
Valley
South Valley South
North
Rellab!hty A B G H K I D E C L M J F #1 #2 #3
Metrics
N-1 LAR 4 0.05 0.05 0.04 0.06 0.05 0.05 0.05 0.07 I F G
N-1 Py 2.28 1.75 1.86 3.21 2.32 2.13 1.99 3.93 2.27 2.47 | F B
N-1 PFD J 0.70 0.65 0.65 1.21 0.89 0.74 0.69 1.21 0.83 0.94 F | B
N-1 Flex-14, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 F G A
N-1 F'fi:z' 3.66E-04 | 4.10E-04 3.33£-04 6.69E-04 5.95E-04 E D A
N-1 Flzei-z- 1.31E-02 1.74E-02 1.23E-02 2.72E-02 1.41E-02 1.32E-02 2.71E-02 2.98E-02 1.72E-02 2.53E-02 F | G
N-0 LAR 4 0.02 0.02 0.02 0.03 0.02 0.03 0.02 0.03 0.02 D G
N-0 Py 0.36 0.38 0.29 0.45 0.52 0.36 0.49 E I
N-0 PFD | 1.70 1.71 1.45 2.11 1.80 2.46 1.90 2.31 1.70 D G
CEI 07 S 0 0 0 0 0 2 0 3 0 0 0 0 4
#1
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PVWatts Forecast
Valley South
\ Geley valley South \iva toma | t0V2leY Vatge:as]::‘;th
Alberhill SCE . valley | o thto | Centrolized | f°VolleY | SDG&Eand and Nosthand North to
; Mira South to 2 North and Centralized ! Centralized ; . .
System | SDG&E range Menifee o Valte Valley BESS in Diskribited Pyieem Centralized BESS | Vista and Alternative Ranking
Project Coun v North to | Valley South R ' BESS in Centralized
North . BESS in Valley South V South :
Vista Valley South BESS in
\ valley South and Valley valley Sotth
North ey Sod
Reliability Metrics A B C D E F G H I J K L M Rank #1 | Rank #2 | Rank #3
N-1 EENS 0.96 1 1.62 2] B J
N-1 P4 10.1 10.36 6.08 6.08 9.82 7.86 8.88 S B J
N-1 SAIDI 7.44 6.4 5.79 4.96 5.69 6.87 6.2 4.39 4.96 I 1 E
N-1 SAIFI Y | 375.64 | 31858 ~ 483.84 414.72 283:26 342.35 354.79 367.1 414.72 I 1 3
N-1 PFD ¢ 1.74 1.48 1.4 1.05 1200 1.32 1.6 1.59 1.06 1.2 I I :
N-1 | Flex-1J 0.0047 0.0051 10.0047._ 0.0067 0.005 0.0061 0.0069 3 A I
N-1 | Flex-2-1J 0.0004 0.0006 D A B
N-1 | Flex-2-2J, | 0.0008 | 0.0009 | 0.0014 | 0.0007 0.0006 0.001 0.0006 | 1 L
N-O | EENS Y 0.15 0.13 009 0.09 0.07 0.11 0.14 007 | F I L
N-0 P J 0.9 0.78 0.52 0.59 . 045 0.69 0.84 I I L
N-0 SAIDI 10.08 8.67 5.82 7.66 s 7.71 9.32 | 1 L
NO | sairld | 187.42| 1613 108.33 | 131.84 9317 | 1434 173.32 147.53 | I L
N-0 PFD 6.65 [ 5.73 3.84 4.35 333 5.09 6.15 5.23 | | L
Countof Rank#1 | 0 0 0 il 1 1 0 2 8 0 0 0 0
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Valley Valle
Valley South to v
Mira Loma South to Valle South to
Valley y Valley SDG&E and
Alberhill South to Centralized and Valley North and North to Centralized Valley
. Centralized | North and . . SCE Orange | Centralized . . South to Alternative
System | SDG&E Valley BESS in Valley . - Menifee Mira Loma . Vista and BESS in )
. BESS in Distributed County BESS in . Valley Ranking
Project North to South . Centralize Valley
. Valley BESS in Valley . North
Vista d BESS in South
South Valley South and
Valley
South Valley South
North
Reliability A B G H K | D E C L M ) F #1 | #2 | #3
Metrics

N-1 LAR 0.47 0.45 0.33 0.38 0.44 0.35 0.61 0.27 0.29 0.47 | F L
N-1 Py 4.91 4.52 3.45 3.80 4.47 3.70 9.37 2.85 3.01 4.78 | F L
N-1 PFD | 1.51 1.43 1.02 1.21 1.42 1.09 1.15 0.84 0.89 1.52 | F L
N-1 Flex-1J, 0.0005 0.0006 0.0004 0.0006 0.0014 0.0005 0.0017 0.0004 0.0004 0.0006 | F L
N-1 Flex-2-1J, 3.89E-04 4'32E- 7.26E-04 6.94E-04 4.48E-04 D A B
N-1 Flex-2-2, 1.84E-02 2'32E_ 1.72E-02 2.66E-02 1.85E-02 1.83E-02 3.60E-02 1.42E-02 1.50E-02 2.43E-02 | F L
N-0 LAR 0.13 0.12 0.08 0.10 0.12 0.09 0.10 0.07 0.07 0.13 | F
N-0 IPJ 0.79 0.75 0.52 0.63 0.74 0.55 0.63 0.45 0.79 | F
N-0 PFD J 5.78 5.53 3.82 4.65 5.46 4.04 4.14 3.11 3.32 5.84 | F
Count of Rank #1 0 0 0 0 0 8 1 0 0 0 0 0 0
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6.4  Risk Analysis

‘ The risk analysis performed within this assessment wasis deterministic-irrature. As stated earlier, three
forecast sensitivities were considered: Effective PV, Spatial Base, and PVWatts forecasts. The Effective PV
forecast closely matches the expected load growth in the Valley South region. The Spatial Base and
PVWatts forecasts are located above and below the Effective PV and thus were used as upper and lower
bounds of uncertainty that characterize variability in the adoption of DER, impacts of electrification, and
overall impacts of load reducing technologies.

ALBERHILL SYSTEM PROJECT ALTERNATIVES ANALYSIS | SCE

| Table 6-16 presents a comparison of the benefit--cost ratios as they vary with different forecasts.

| Table 6-16. Deterministic Risk Assessment

O)E oreca orecd orecCa
Alberhill System Project 11.12 8.16
SDG&E N 6.27 9.80
Valley South to Valley North toVista 7.36 12.84 5.02
Centralized BESS in Valley South \\\ 5.65
Mira Loma and Centralized BESS in Valm:)uth .55 8.36 6.45
3:::;: :gz:: to Valley North and Dlstrlbutedw{/ 10.01 17.03 797
Menifee 7.18 12.20
Mira Loma 222 16.46
SCE Orange County 10.25

Valley South to Valley North andCentralized BESS in
Valley South and Valley North

Valley South to Valley North to Vista and Centralized
BESS in Valley South

7:35

ﬁn\ 5.02

SDG&E and,Qe/ntraIized BESS in Valley South 7.82
Valley South to Valley North 10.53 __
2 e
. Effective PV Spatial Base PVWatts
Project
Forecast Forecast Forecast
Alberhill System Project 9.03 16.43 5.78
SDG&E 8.84 15.94 5.56
Valley South to Valley North to Vista 8.52 15.92 3.35
Centralized BESS in Valley South
Mira Loma and Centralized BESS in Valley South 10.99 3.63
Valley South to Valley North and Distributed BESS in 9.33 12.01 4.77
Valley South
Menifee
Mira Loma 8.42 15.42 4.89
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SCE Orange County 5.38 9.71 3.39
Valley South to Valley North and Centralized BESS in

Valley South and Valley North 6.93 8.60 4.08
Valley South to Valley North to Vista and Centralized

BESS in Valley South 8.54 1181 3.85
SDG&E and Centralized BESS in Valley South 7.61 11.43 5.26
Valley South to Valley North 10.41 12.65 4.61

6.5 Summary of Findings

| The evaluation of findings from the variety of benefit--cost analysisanalyses are presented below:

1. Without a project in service to address the needs in the Valley South systemSystem, the aggregate
cost impacts accrued by the customer range from 4-42.75B to 97.8SB over the horizon of forecast
uncertainties captured by this analysis.

2. The benefit--cost analysis demonstrates Mira-LemaMenifee as the project with the highest B-C
ratio in Effective PV, Spatial Base, and PVWatts forecast. This is followed by Alberhil-System

projectand-Valley-Seuth-to-Valey-Nerth—tn-the Spatial-baseforecast-the Alberhill System project
and San Dlego Gas & Electric. In the case of Valley South to VaIIey North aIternatlves—aee—Fanked

the project's low cost overrides the performance benefits and drive the ratios higher. The Menifee
alternative has an advantage of lower cost while providing superior performance to Valley South
to Valley North alternatives in select (Flex-2) categories. However, the benefits are realized only
in the short term horizon, with limited long-term benefits. A quick review of the overall benefits
in Section 6.3.3 and raw reliability performance in Section 5-3-4-5.3.3, 5.3.5 and 5.3.56 further
justifies this claim. The benefits accrued by ASP were found to be substantial over the horizon
maintaining its rank across all three forecasts.

3. An evaluation of the $/Unit Benefit demonstrates that non-wire alternatives are favorable only
under lower levels of forecasted growth. This is observable from the ranking of projects presented
in Section 6.3.45.

4. Wire-based—and-hybrid solutions demonstrate higher $/Unit benefit performance under the
Effective PV and Spatial Base forecasts of load growth. Alberhil-System-prejecteconsistenthyranks
r-thetop-3-through-allconsideredforecasts:

5. The incremental benefit--cost framework was implemented to justify alternative selection, and
the results demonstrated that the ASP is the preferred aIternatlve The analysis is indicative of

e unreallzed benefits

dewn—t—he—hst—ef—a#ematu-vesshould a Iower cost alternatlve be selected Usmg the Effectlve PV
forecast as an example, if a decision is made to stop at Menifee due to superior performance in
comparison to Valley South to Valley North to Vista and Baseline system, several projects are
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found to provide additional benefits to the system. This trend continues till a decision is made to
stop at Alberhill System Project.

76.An overall assessment of the top-ranking alternatives with consideration of risks, demonstrate
the superiority of ASP to meet all the short term and long-term project objectives in the Valley
South systemSystem.
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7 CONCLUSIONS

Seuthern-Califernia—Edisen{SCE} retained Quanta Technology to supplement the existing record in the
Califernia—Public Utilities—Commission{CPUC} proceedings for SCE’'s Alberhil-System—Project{ASP} with

additional analyses and alternative studies to meet the capacity and reliability needs of the Valley South
500/115 kV system. The overall objective of this analysis is to amend the ASP business case (including
benefit-costanalysisBCA) and alternative study using rigorous and data-driven methods.

A comprehensive framework was developed in coordination with SCE to evaluate and rank the
performance of alternatives. This evaluation is complemented by the development of load forecasts for
the Valley South System planning area. Industry-accepted forecast methodologies to project load growth
and to incorporate load-reduction programs (energy efficiency, demand response, and behind-the-meter
generation) were implemented. The developed load forecast covers the horizon of 30 years (until the year
£he-2048). The forecast findings were used to verify and validate SCE’s currently adopted forecasting
practices.

The screening process for alternatives utilizedused power flow studies in coordination with quantitative
analysis to forecast the impacts of alternatives under evaluation, including the ASP. The forecasted
impacts are translated into key reliability metrics, representative of project performance over a 30-year
horizon. Detailed analysis of alternatives utitizedused the benefit-cost and risk analysis framework to
quantify the value of monetary benefits observed over the project horizon.

A total of 13 alternatives, including the ASP, were evaluated within this framework to validate
performance and contribution towards satisfying project objectives. These alternatives were categorized
into Minimal Investment, Conventional, Non-Wire, and Hybrid (Conventional plus Non-Wire) solutions.

The key findings of this study are summarized as follows:

e Consistent with Hdustry—the industry-accepted forecasting practices, two distinct methodologies
were implemented to develop load forecasts, namely Cenventional—and—Spatial

forecasts*®.conventional and spatial forecasts. (The load forecasting methodologies and findings are
documented in detail within Section 2 of this report.)

= The two forecasts have been developed consistent with the load-growth trend currently observed

within the region, and Califernia—Energy—Commission’s{CECHntegrated-Energy—PolicyReport
HERRJCEC’s IEPR projections for load-reducing technologies.

=  Sensitivity analysis was performed to address the uncertainties of load-reducing technologies and
California’s electrification goals.

| = Across aHthe three forecasts, the reliability need year was identified as 2022, except for one
sensitivity that identified 2021 as the need year.

| = The Effective PV Spatialspatial load forecast is found to be the most consistent with trends in the
Valley South needs area. This forecast demonstrates a range of load from 1,083 MVA to 1,377
MVA over 2019--2048.

e Several reliability metrics were utilizedused to quantitatively assess the performance of each
alternative under consideration. An evaluation of alternative performance demonstrated that the ASP

CONFIDENTIAL/PROPRIETARY © 2019 QUANTA TECHNOLOGY, LLC G-2, Page 406




Y

QUANTA REPORT
TECHNOLOGY

ALBERHILL SYSTEM PROJECT ALTERNATIVES ANALYSIS | SCE

provides the highest benefits across the study horizon. These benefits are the aggregate of the ASP
contribution toward the capacity, reliability, resilieneyresilience, and operational flexibility needs in
the Valley South System. Considering the aggregated benefits under normal and emergency*
conditions, the ASP results in 85476 gigawatt-hours (GWh) of cumulative reduced unserved energy,
and $64.3 billion in cost savings to the customers. The alternatives demonstrating the highest benefits
following the ASP are SDG&E, SCE Orange County, and SDG&E andwith Centralized BESS in Valley
South.

The benefit-cost—analysisBCA framework was implemented to evaluate and compare individual

alternatives’ performance.

"  Nen-wire-selutionsNWAs remained cost-effective only under reduced load forecast levels (e.g.,
Reduced—TFrendreduced trend and tewlow sensitivities of the Cenventienralconventional
forecasts). In the other forecasts, rer-wirealternativesNWAs accrue significant additional costs
over time due to the incremental storage sizing necessary to address the load growth in the Valley
South System.

= Conventional and Hybrid alternatives can better satisfy project objectives and long-term reliability
challenges in the system.

=  MiratemaMenifee, ASP, SDG&E, and Valley South to Valley North alternatives exhibit the highest
benefit-to-cost ratio. Mira—temaMenifee and Valley South to Valley North have lower costs
relative to the ASP; while providing sizably lower benefits than the ASP.

The benefit-to-cost ratio is one measure to consider in determining if any project should be
implemented. However, when it comes to the selection among alternatives, an incremental BCA
should be conducted. Incremental BCA methodology determines whether additional incremental cost
is economically justifiable on the basis that the additional benefits realized exceeds the incremental
cost.

The incremental benefit-cost framework was implemented to selectameong—alternatives—justify
alternative selection, and the results demonstrated that the ASP is the preferred alternative. The

analysis is indicative of-signifiecant unrealized benefits should a lower cost alternative be selected.

Risk analysis associated with forecast uncertainties demenstratesdemonstrate that:

= The costs associated with the incremental size of the ren-wire-alternativesNWAs (to keep pace
with peak load values) are substantial and result in reduced benefit-cost ratios.

= The benefits attributed to operational flexibility from nen-wirealernativesNWAs are negligible.

The results of the reliability, benefit-cost, and risk analyses indicated that the ASP meets the project
objectives over the 10-year horizon and ranks the most favorable among the considered alternatives

over the 30-yearsperiod--year horizon.

Findings and results reported in this document are based on publicly available information along with the
information furnished by the client at the time of the study. Quanta Technology reserves the right to
amend results and conclusions should additional information be provided or become available. Quanta
Technology is only responsible to the extent the client’s use of this information is consistent with the
statement of work.

41 N_

0, N-1 and Speratienatoperational flexibility.
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9 APPENDIX-A+-GLOSSARY: N-2 PROBABILITIES
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The N-2 probabilities associated with circuits that share a common tower structures are presented in this table.

Auld-Moraga #2
Auld-Sun City
Fogarty-lvyglen
Moraga-Pechanga 0.0088
Pauba-Pechanga
Pauba-Triton 0.01944
Valley-Auld #1
Valley-Auld #2

Valley-Elsinore-Fogarty

0.02696

0.0304

0.0032

0.002

0.016

0.024
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Valley-Newcomb 0.024

Valley-Newcomb- 0.0304 0.0309
Skylark
Valley-Sun City 0.03096
Valley-Auld-Triton 0.02696 0.002 0.016

Valley-lvyglen 0.0032
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