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2019-2020 ELECTRIC RESOURCE PORTFOLIOS TO INFORM
INTEGRATED RESOURCE PLANS AND TRANSMISSION PLANNING

Summary

This decision adopts an optimal portfolio, known as the Reference System
Portfolio (RSP), to be used by all load-serving entities (LSEs) required to file
individual integrated resource plans (IRPs) in 2020. The 2019-2020 RSP adopted
utilizes the greenhouse gas (GHG) emissions target for the electric sector in 2030
set by the Commission in Decision (D.) 18-02-018 for the LSEs it oversees. The
GHG target for the electric sector for 2030 is 46 million metric tons (MMT). This
is within the 30-53 MMT range for the electric sector set by the California Air
Resources Board pursuant to Senate Bill 350 (DeLe6n, 2015). 46 MMT is
equivalent to the 42 MMT target set in D.18-02-018, because it includes certain
combined heat and power projects in the electric sector that were previously
attributed to the industrial sector.

The 46 MMT 2030 GHG target for the electric sector keeps LSEs on the
trajectory to meet the state’s goal to supply 100 percent of retail electricity sales
with renewable and zero-carbon resources by 2045. It also represents a
disproportionate share of the overall state emissions reductions coming from the
electric sector compared to other sectors. Finally, the 46 MMT target will likely
become harder for the electric sector to achieve should electric loads increase
more than previously expected in the coming decide, such as through more
electrification of transportation and buildings. The Commission reevaluates this
target every two years, and will reevaluate it again as we see more actual
procurement by LSEs and can better gauge progress toward this goal.

In addition, to keep the IRP process moving and allow more realistic

evaluation of the potential to lower the GHG target for the electric sector by 2030,
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the Commission requires all LSEs required to file individual IRPs to present
portfolios based on the adopted 46 MMT target for the electric sector by 2030, as
well as a 38 MMT target. LSEs will be required to show how they would
accomplish their proportional share of both targets. The Commission can then
consider adopting a portfolio at the end of this cycle of the IRP process that goes
further than the 46 MMT target, and also includes actual resources necessary to
help with the annual transmission planning process (TPP) conducted by the
California Independent System Operator (CAISO).

The 2019-2020 RSP with the 46 MMT GHG target in 2030 adopted in this
decision, as well as the scenario at the 38 MMT GHG target in 2030, serves as an
optimal portfolio guide for LSEs required to file individual IRPs. The optimal
portfolios, like the previously adopted 2017-2018 RSP in D.18-02-018, include a
large amount of new solar, wind, and battery storage resources, as well as
long-duration storage and out-of-state wind on new transmission. The
Commission will explore further in the procurement track of this or a successor
proceeding how to go about ensuring that these additional resources, or others
with equivalent attributes, are planned for and procured for the benefit of the
sector as a whole. The Commission will also continue to explore the need for
development of diverse resources and those that may require multiple off-takers
in order to be developed.

In their individual IRPs, LSEs are required to show how their procurement
to date, and planned procurement in the future, of electricity resources will help
the state collectively meet this optimal portfolio and GHG target. LSEs are not
confined to the proportions of resources identified in the optimal portfolio
presented in this decision. Rather, LSEs should target their plans and

procurement towards categories of resources, such as renewables, short-duration
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storage, long-duration storage, etc., and choose resources that best reflect the
needs and preferences of their customers. LSEs are required, however, to use
their individual load forecasts assigned to them by the Commission, and their
individual GHG benchmarks, to ensure that portfolios of multiple LSEs can be
aggregated and analyzed by the Commission to develop a Preferred System
Portfolio.

The decision makes available a GHG Planning Price, derived from the
2019-2020 RSP analysis, as well as a sensitivity to show the incremental costs and
benefits of distributed energy resources, to the integrated distributed energy
resource Rulemaking (R.) 14-10-003, for use in the Avoided Cost Calculator
update being undertaken there. This decision also adopts minor modifications to
the requirements for individual LSEs filing IRPs, and delegates to Commission
staff to finalize the templates for this purpose by no later than May 11, 2020. The
individual IRPs will be required to be filed no later than September 1, 2020.

For purposes of the CAISO’s TPP, this decision also adopts a reliability
and policy-driven base case to be utilized to assess the need for transmission
investments, based on the 2018 Preferred System Portfolio (PSP) adopted in
D.19-04-040, with certain updates. The 2019-2020 RSP with the 46 MMT GHG
target in 2030 adopted in this decision varies significantly from the previous
portfolios analyzed for TPP purposes and warrants transmission analysis first
prior to moving to investment stage. Therefore, this decision adopts the updated
2017-2018 PSP as the reliability and policy-driven base case, while offering the
2019-2020 RSP with the 46 MMT GHG target in 2030 adopted in this decision as a
policy-driven sensitivity case, to help analyze transmission needs for the future.

A second policy-driven sensitivity case for use in the CAISO TPP is also adopted
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to test the transmission aspects of moving toward energy-only contracts for
renewables in certain locations.

This decision also addresses a petition for modification (PFM) filed by the
Alliance for Nuclear Responsibility on D.19-04-040 addressing the
reasonableness of the costs of Diablo Canyon assigned to bundled customers,
acknowledging the point of the PFM but ultimately denying it.

Two PFMs of D.19-11-016, one by the joint parties of California
Environmental Justice Alliance, Sierra Club, Defenders of Wildlife, and the
Public Advocates Office, and a second by GenOn Holdings, Inc., are also
addressed; the first is granted, with minor modifications, and the GenOn PFM is
denied, with some added clarification.

This proceeding remains open.

1. Background

This decision addresses the first year of the two-year cycle for the
integrated resource planning process adopted by the Commission in Decision
(D.) 18-02-018. The first year consists of a staff-initiated development of an
optimal electric resource portfolio, termed the Reference System Portfolio (RSP),
which balances achievement of the greenhouse gas (GHG) target for the sector,
ratepayer costs, and system reliability to give guidance for how the sector should
be progressing over the next decade. The second year consists of consideration
of the individual integrated resource plans (IRPs) of the load-serving entities
(LSEs) under the Commission’s purview, both individually and in aggregate, to
form a Preferred System Portfolio (PSP). Both the RSP and the PSP are designed
to be used by the California Independent System Operator (CAISO) in its annual

Transmission Planning Process (TPP).
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Our work on development of the 2019-2020 RSP began on
November 29, 2018 with an Administrative Law Judge (AL]) ruling seeking
comments on inputs and assumptions for development of the 2019-2020
Reference System Plan. The November 29, 2018 ruling contained the inputs and
assumptions recommended by Commission staff for the development of the
scenarios to be analyzed for development of the RSP.

Comments in response to the November 29, 2018 inputs and assumptions
ruling were timely filed no later than January 4, 2019 by the following parties:
American Wind Energy Association, California Caucus (AWEA); Cal Energy
Development Company, LLC (Cal Energy); California Energy Storage Alliance
(CESA); California Environmental Justice Alliance (CEJA) and Sierra Club,
jointly; CAISO; California Wind Energy Association (CalWEA); Calpine
Corporation (Calpine); Center for Energy Efficiency and Renewable Technologies
(CEERT); Defenders of Wildlife (DOW); Form Energy, Inc. (Form Energy);
GridLiance West, LLC (GridLiance); Hydrostor, Inc. (Hydrostor); Large-scale
Solar Association (LSA); LS Power Development, LLC (LS Power); Natural
Resources Defense Council (NRDC); Nevada Hydro Company (Nevada Hydro);
Ormat Technologies, Inc. (Ormat); Pacific Gas and Electric Company (PG&E);
Protect Our Communities Foundation (POC); Public Advocates Office of the
Commission (Cal Advocates); Range Energy Storage Systems, LLC (Range);

San Diego Gas & Electric Company (SDG&E); Solar Energy Industries
Association (SEIA); Sonoma Clean Power Authority (SCPA) and Marin Clean
Energy (MCE), jointly; Southern California Edison Company (SCE); Southern
California Gas Company (SoCalGas); Southwestern Power Group II, LLC
(SWPG); he Utility Reform Network (TURN); TransWest Express, LLC
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(TransWest); Wellhead Power Solutions, LLC (Wellhead); and Women’s Energy
Matters (WEM);

Reply comments in response to the November 29, 2018 inputs and
assumptions ruling were timely filed no later than January 16, 2019, by the
following parties: Cal Advocates; California Community Choice Association
(CalCCA) and MCE, jointly; California Hydrogen Business Council (CHBC);
CAISO; Calpine; CEERT; CEJA and Sierra Club, jointly; CESA; Environmental
Defense Fund (EDF); Green Power Institute (GPI); GridLiance; Hydrostor; LSA;
LS Power; Middle River Power, LLC (Middle River); NRG Energy, Inc. (NRG);
PG&E; POC; SCE; SDG&E; SEIA; TransWest; TURN; and Wellhead.

The next phase of 2019-2020 RSP development was the issuance of an AL]J
ruling on February 11, 2019 seeking comment on proposed scenarios for
2019-2020 Reference System Portfolio. The ruling included scenarios proposed
by Commission staff to be analyzed for the development of the RSP.

Comments in response to the February 11, 2019 scenarios ruling were
timely filed no later than March 7, 2019 by the following parties: AWEA; CAISO;
Cal Advocates; Cal Energy; California Large Energy Consumers Association
(CLECA); Calpine; CalWEA; CEERT; CEJA and Sierra Club, jointly; CESA;
Cogeneration Association of California (CAC); CHBC; Golden State Clean
Energy (Golden State); GPL; GridLiance; Hydrostor; Imperial Irrigation District
(IID); LSA; LS Power; Middle River; Nevada Hydro; NRDC; NRG; PG&E; POC;
Range; SDG&E; SCE; SoCalGas; SWPG; TransWest; TURN; Union of Concerned
Scientists (UCS); Wellhead; and Western Power Trading Forum (WPTF).

Reply comments in response to the February 11, 2019 scenarios ruling
were timely filed no later than March 15, 2019 by the following parties:

Cal Advocates; Calpine; CESA; CHBC; Golden State; GPI; GridLiance;
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Hydrostor; IID; Middle River; POC; Sierra Club, EDF, CEJA, and NRDC, jointly;
PG&E; Range; SCE; SDG&E; SoCalGas; Wellhead; and WPTF.

Another AL] ruling, issued on September 20, 2019, sought input from
parties on the filing requirements for LSEs in the development and submission of
their individual IRPs for 2020. The ruling contained a staff proposal for what
individual LSEs should be required to file in their individual IRPs and the
manner in which the Commission would consider that information.

Comments in response to the September 20, 2019 filing requirements
ruling were timely filed no later than October 14, 2019 by the following parties:
Pico Rivera Innovative Municipal Energy, Bear Valley Electric Service, Redwood
Coast Energy Authority, Just Energy Solutions, Inc., Apple Valley Choice
Energy, Lancaster Choice Energy, Regents of the University of California,
Rancho Mirage Energy Authority, and San Jacinto Power, jointly; Alliance for
Retail Energy Markets (AReM); Bear Valley Electric Service (Bear Valley);

Cal Advocates; CalCCA; CAISO; CESA; CEJA and Sierra Club, jointly; City and
County of San Francisco (CCSF); DOW; GPI; Ormat; PacifiCorp and Liberty
Utilities (CalPeco Electric), LLC (Liberty Ultilities), jointly; PG&E; POC; SCE;
SDG&E; Shell Energy North America (US), L.P. (Shell); Small Business Utility
Advocates (SBUA); and TURN and the Center for Accessible Technology
(CforAT), jointly.

Reply comments in response to the September 20, 2019 ruling on filing
requirements were timely filed no later than October 25, 2019 by the following
parties: AWEA; Cal Advocates; CalCCA; CCSF; DOW; GPI; PG&E; POC; SCE;
SDG&E; Sierra Club and CEJA, jointly; and TURN.

On November 6, 2019, an AL]J ruling was issued seeking comment on the

staff recommendation for the 2019-2020 RSP.
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Comments were timely filed no later than December 17, 2019 by the
following parties: 350 Bay Area; AReM; AWEA; Bay Area Municipal
Transmission Group (BAMx); Cal Advocates; CHBC; CAISO; CalCCA; CESA;
Calpine; CalWEA; CEERT; CEJA and Sierra Club, jointly; CCSF; CLECA; CAC;
DOW; Eagle Crest Energy (Eagle Crest); EDF; Geothermal Resource Council;
Golden State; GPI; GridLiance; L. Jain Reid (Reid); LS Power; Middle River;
Nature Conservancy; Nevada Hydro; NRDC; Ormat; PG&E ; POC; Range; San
Diego County Water Authority (SDCWA) and City of San Diego, jointly; SCE;
SDG&E; SEIA, Vote Solar, and LSA, jointly; SoCalGas; SWPG; TURN; UCS; and
Western Grid Development.

Reply comments were timely filed no later than January 6, 2020 by the
following parties: AWEA; CHBC; CAISO; CalCCA; CESA; Calpine; CalWEA;
CEERT; CEJA and Sierra Club, jointly; CCSF; Coalition for the Optimization of
Renewable Development (CORD); DOW; Eagle Crest; GPI; GridLiance;
Hydrostor; Middle River; Nature Conservancy; NRDC; PG&E; POC; Range; SCE;
SDG&E; SEIA, Vote Solar, and LSA, jointly; SWPG; TransWest; TURN; UCS;
Wellhead; and Western Grid Development.

2. Modeling Analysis and Results

Capacity expansion and production cost modeling were both utilized to
develop the draft optimal electric resource portfolio for consideration in this
proceeding. As in the prior cycle, the RESOLVE model was the capacity
expansion model utilized, and Strategic Energy & Risk Valuation Model
(SERVM) was used for production cost modeling. This section describes the
work that was completed, as well as parties” inputs that were utilized to improve

the process and analysis.
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2.1. Inputs and Assumptions
The November 29, 2018 AL]J ruling seeking comments on inputs and

assumptions for development of the 2019-2020 reference system plan included a
large number of changes updated since the prior IRP cycle. Key changes
included:

e Updating the load forecast assumptions to align with the
California Energy Commission’s (CEC’s) Integrated
Energy Policy Report (IEPR) demand forecast for 2018
(adopted by the CEC in February 2019).

e Updating the baseline resource assumptions to the more
recent data available on existing and planned resources
within and outside of the CAISO balancing authority area.

e Revising the capital cost assumptions and trajectories of
solar photovoltaics (PV), wind, as well as other renewable
technologies, to capture rapidly-declining technology costs.

e Revising capital cost assumptions for battery storage
technologies to capture the rapidly-declining technology
costs.

¢ Adding behind-the-meter (BTM) storage as a candidate
resource that the model can select.

e Adding the ability to model economic retention of existing
dispatchable thermal generation. This supersedes the
blunt “40-year-age” retirement assumption that was used
in the previous IRP cycle.

e Incorporating post-2030 years into select modeling runs to
reflect achievement of the Senate Bill (SB) 100 (DeLe6n,
2018) 2045 goals.

One of the key assumptions driving results in the models in this round
was the characterization of imports. In the prior IRP cycle, the CAISO import
level that could count towards resource adequacy was set to the maximum
import capability (MIC) determined by the CAISO annually. However, in this

cycle, the CAISO import level that could count towards resource adequacy was
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set to 5 gigawatts (GW), an amount consistent with historical levels of firm
resource adequacy contracting between non-CAISO generators and LSEs that are
under Commission purview and within the CAISO footprint, primarily to
account for the expected increasing pressure on available resources in the rest of
the Western Electricity Coordinating Council (WECC) area to remain available to
provide capacity locally rather than to the CAISO in general.

2.1.1. Comments of Parties

Since there were multiple rounds of informal and formal comments on
assumptions to be used, most parties’ concerns have been addressed in the
results produced for purposes of the staff recommendation for the 2019-2020
RSP.

Still, some parties continue to have concerns about particular assumptions.
A common concern was that the cost data for renewable generation utilizes the
2018 National Renewable Energy Laboratory Annual Technology Baseline. A
2019 version has been produced since analysis began in this round of IRP. In
addition, there were particular complaints about solar and battery cost
assumptions not aligning with market prices, and therefore representing higher
costs than parties would have preferred.

A number of parties, including CESA, also lamented the lack of
representation of gas/storage or solar/storage hybrid resources in the
assumptions.

TransWest commented that transmission costs need to be updated.

With respect to battery effective load carrying capability (ELCC)
assumptions, CESA, Eagle Crest, and POC all felt that further analysis should be
performed to refine the battery ELCC curve before the next IRP cycle analysis.

-11 -
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CESA, SEIA, and Wellhead all also were concerned that hybrid resources should
be more directly considered, at the very least in the next IRP cycle.

Numerous parties were also concerned about the reduction in import
limits for this IRP cycle, and how they were implemented both in the RESOLVE
and SERVM models. This issue is discussed in more detail in later sections of
this decision.

2.2. Scenarios and Sensitivities
The February 11, 2019 ALJ Ruling Seeking Comment on Proposed

Scenarios for 2019-2020 Reference System Portfolio included plans for framing
scenarios, main scenarios, and special studies. The framing scenarios used 2045
as the final study year, to inform scenarios for 2030 in light of 2045 goals. The
main scenarios included three GHG limits for the electric sector: 1) 46 million
metric tons (MMT), which corresponds to the 42 MMT target adopted by the
Commission in D.18-02-018, with adjustments to align accounting for the
emissions associated with combined heat and power (CHP) with the way the
California Air Resources Board (CARB) accounted for them in its 2017 Scoping
Plan analysis; 2) 38 MMT; and 3) 30 MMT.

For 2019-2020 RSP development, Commission staff began with the
46 MMT scenario, which corresponds to the 2030 GHG target established in
D.18-02-18. This case formed the “default” case. The 38 MMT and 30 MMT cases
were analyzed as differences from the 46 MMT Default Scenario.

After presentation of the preliminary results of these cases at a public
workshop on October 8, 2019, Commission staff made a number of minor
improvements and corrections to the RESOLVE model. Those included limiting
annual demand response buildout to a realistic annual level in the near term, and

other small adjustments. To focus in on some of the nearer-term potential for
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reliability challenges, Commission staff reran the major GHG target scenarios to
produce outputs for every year from 2020 to 2024, plus 2026 and 2030.

Commission staff also modeled an additional scenario designed to capture
a combined set of assumptions that more closely approximated expected reality
of electricity sector conditions. This new case, referred to as the 46 MMT
Alternate Scenario, is a variation of the 46 MMT Default Scenario, with
two changes: 1) an assumption that approximately half of the once-through
cooling (OTC) natural gas-fired steam turbine units scheduled to retire at the end
of 2020 are instead extended for three years (i.e., through the end of 2023); and
2) some limitations on the annual buildout of solar capacity in the early years, to
reflect what is likely a more feasible buildout scenario based on historical
experience.

In addition, a number of sensitivity cases were run, to test the impact of
changes in assumptions for certain individual variables. These included the
following sensitivity cases: no new out-of-state transmission, low-cost
out-of-state transmission, high-cost out-of-state transmission, offshore wind
available, high solar photovoltaic cost, extension of the solar investment tax
credit, high battery cost, paired battery cost, low resource adequacy imports,
high resource adequacy imports, 2045 end year, a high-load sensitivity, full OTC
extension, partial OTC extension, and early shed demand response availability.
The 2045 studies included scenarios for high electrification, high electrification
with new out-of-state transmission, high electrification with offshore wind
available, high hydrogen, and high biofuels.

Commission staff also ran one other set of analysis to support
development of avoided costs for use in estimating the cost-effectiveness of

distributed energy resources (DERs). This analysis is presented in Appendix B of
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Attachment A to the November 6, 2019 AL]J ruling. A staff proposal is expected
in the integrated distributed energy resource rulemaking to propose several
updates to the Avoided Cost Calculator, used to forecast marginal avoided costs
for cost-effectiveness analysis. One of the main changes likely to be proposed is
to use values generated in RESOLVE modeling in this proceeding as inputs to
the Avoided Cost Calculator.
2.2.1. Comments of Parties

Most parties were familiar with the three major scenarios modeled to
develop the 2019-2020 RSP recommendation. Many comments were more
focused on requesting particular sensitivities. Those included:

e More offshore wind (AWEA);
e Battery storage greater than 4 hours (CalCCA);
e Tax credit extensions beyond ITC (CalWEA);

e Higher load modifiers more in line with the state’s
“deep decarbonization” goals (CEJA /Sierra Club, SCE,
SDG&E);

e Pumped storage in 2026 (Eagle Crest);

e Enhanced baseload renewables procurement (GPI);
e More granular land-use data (Nature Conservancy);
e A greater range of GHG targets (Cal Advocates);

e More battery cost and performance variability (Eagle
Crest, POC, SDCWA, City of San Diego);
e A higher import limit (POC);

e More conservative representative days and more
accounting for varied energy and capacity benefits in
different geographies (SDCWA and City of San Diego);
and

e Modeling a 2045 end year to provide more context for
the 2030 results (CAISO, UCS, SDG&E, SEIA).
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2.3. RESOLVE Modeling
To conduct the analysis to support the development of the 2019-2020 RSP,

like in the past RSP development, Commission staff used RESOLVE, a capacity
expansion model designed to inform long-term planning questions around
renewables integration. RESOLVE co-optimizes investment and dispatch for a
selected set of days over a multi-year horizon, in order to identify least-cost
portfolios for meeting specified GHG targets.

The RESOLVE optimization performed for the 2019-2020 IRP cycle covers
the CAISO balancing area, including publicly-owned utility (POU) load within
the CAISO. The model also optimizes dispatch at a coarse granularity, but not
investment, outside of the CAISO.

Several RESOLVE model revisions and updates were made since the
assumptions detailed in the November 29, 2018 AL]J Ruling on inputs and
assumptions. These include updated assumptions to account for the increasing
penetration of storage on the electric system. Similar to the addition of solar PV
resources, as the penetration of battery storage on the system increases, the
proportional capacity value of each increment of storage capacity decreases. The
RESOLVE model was updated to account for this factor with declining ELCC
values for battery storage.

Several updates from CAISO data were also added. Electrical zone
boundaries were updated to match CAISO assumptions and candidate wind,
solar, and geothermal resources were mapped to the new boundaries. RESOLVE
was also modified to represent the multiple concurrent (or nested) limitations
identified by the CAISO to deliver energy from renewable resource zones to load

centers.
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In addition, a major feature was added to allow RESOLVE to select
economic retention of natural gas generation, instead of relying on the 40-year
life assumption utilized in the prior IRP cycle.

Finally, RESOLVE was configured to run additional modeling years,
including 2020, 2021, 2023, and 2024, in addition to 2022, 2026, and 2030.
Capability was also added to consider timeframes out to 2045.

2.3.1. Comments of Parties

Parties to this proceeding have commented numerous times before on the
use of the RESOLVE model for purposes of portfolio optimization. About half of
the parties commenting in this round expressed general comfort with the model,
while the other half had specific criticisms, up to and including recommending
that the model is not appropriate for this use.

Serious concerns expressed include that the model should be
ground-truthed for systematic underestimation of GHG emissions (CEJA,
CEERT, and NRDC all express this view). Other concerns include the lack of
consideration of resource diversity benefits, lack of multi-day dispatch
capability, and that the model is too sensitive, not sensitive enough, too

simplified, and too complex, especially as it relates to resource selection.

2.4. SERVM Modeling

Commission staff also used SERVM, which is a probabilistic system-
reliability planning and production cost model. SERVM is designed to inform
security-constrained planning, meaning the primary objective is to identify risk
of there being insufficient generation. SERVM was configured to assess a given
portfolio in a target study year, under a range of scenarios of future weather,

economic output, and unit performance. SERVM performs hourly economic unit
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commitment and dispatch, and contains a zonal representation of the
transmission system.

Several updates were made to SERVM for this cycle since the
November 29, 2018 AL]J ruling on inputs and assumptions. Operating
parameters for individual resources were updated based on the January 2019
CAISO MasterFile information and the WECC 2028 Anchor Data Set Phase 2,
version 1.2. The electric demand inputs were updated to use the CEC’s 2018
IEPR Update.

Commission staff performed a comprehensive update of the model’s
weather-normalized electric demand, and wind and solar generation hourly
profiles. The hourly profiles represent 20 years of historical weather (1998-2017)
which the model uses to consider uncertainty in future weather. The
hydroelectric generation profiles were also updated to cover 1998-2017 patterns.

Commission staff incorporated an approximation of ambient temperature
capacity derating for gas plants based on the Summer Net Qualifying Capacity
(NQCQ) for these units. The ability for battery storage to provide spinning and
load following reserves, in addition to regulation and frequency response, was
also added. Forced and scheduled outage statistics were updated.

Finally, Commission staff developed scaling factors in SERVM to ensure
that annual energy from BTM solar installations modeled in SERVM would
match with the annual energy of installations projected in the CEC’s IEPR.

2.4.1. Comments of Parties
As with RESOLVE, most commenting parties are familiar with SERVM

from the prior IRP cycle and most expressed some measure of support for its use,
albeit with numerous caveats. About half of the parties commenting also

recommended supplementing the use of SERVM with other tools.
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Major improvements recommended to SERVM included:

e Improving calibration with RESOLVE, especially in terms
of dispatch and reliability assessment. This topic is more
fully discussed in the following subsection;

e Checking intra-CAISO flows during stress hours and
relocating new build if bottlenecks are found;

e Increasing the operational detail of CHP units to reflect the
wide range of operating attributes and thermal benefits in
the existing CHP fleet; and

e Checking for systematic underestimation of GHG
emissions.

Other major concerns were that SERVM:

e Lacks sufficiently granular transmission system
representation to capture locational effectiveness, so the
Commission should move towards nodal
model/security-constrained unit commitment and
economic dispatch; and

e Lacks frequency regulation, stability, inertia, congestion,
and second-to-second balance modeling.

Finally, at least one party recommended changing the loss of load
expectation (LOLE) metric used for reliability to expected unserved energy
(EUE) because the latter is better suited to further analysis to determine the
appropriate tradeoff between increased reliability and ratepayer costs.
Two parties also recommended adding a risk-based framework to address

climate, fire, disaster, and/or resiliency issues.

2.5. Calibration
RESOLVE and SERVM were used together to develop an optimal portfolio

of new resources to add to the existing fleet in the CAISO area to plan for
achievement of long-term GHG reduction targets, while maintaining reliability,

keeping costs reasonable, and accounting for uncertainty and expected energy
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market conditions. The role of the RESOLVE model is to select portfolios of new
resources that are expected to meet policy goals, in particular the 2030 GHG
emissions target for the electric sector, at least cost, and while ensuring
reliability. The role of SERVM is to validate the reliability, operability, and
emissions of resource portfolios generated by RESOLVE.

Commission staff spent several months calibrating RESOLVE and SERVM
to ensure reasonable results. During the calibration process, staff sought to
ensure that both models were using the same assumptions such as electric
demand, fuel cost, generating resources, grid topography, and other inputs so
that the models simulate the California electric system in a comparable way.

The models were calibrated iteratively, by developing portfolios in
RESOLVE, feeding the portfolios into SERVM, and then validating the key
operational results, including GHG emissions, curtailment results, and dispatch
patterns. If results differed between models, changes were made to one or both
until key outputs were consistent. More details of the calibration process can be
found in the calibration slide deck presented at the October 8, 2019.1 A calibrated
RESOLVE model was then used to explore a wider range of sensitivities and
scenarios.

The full set of RESOLVE inputs and assumptions were detailed in
Attachment C to the November 6, 2019 AL]J ruling seeking comment on proposed
reference system portfolio and related policy actions. The full set of SERVM

assumptions are posted on the Commission’s web site.2

1 Available at: https:/ /www.cpuc.ca.gov/General.aspx?id=6442459770

2 Available at: https:/ /www.cpuc.ca.gov/General.aspx?id=6442461894
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2.5.1. Comments of Parties
Several parties made comments that the models needed to be more closely
calibrated and/or assumptions were inconsistent. Those comments included

recommendations for the following improvements:

e Improve consistency with regard to how each model
constrains imports and characterizes the ELCC of wind
and solar generation, and battery storage;

e Investigate inconsistent dispatch between models,
especially the dispatch patterns and annual energy of
baseload or dispatchable resources and unspecified
imports, as well as renewables curtailment levels; and

e Investigate probable misalignment between the 15 percent
Planning Reserve Margin (PRM) metric used in RESOLVE
and the 0.1 LOLE metric used in SERVM.

2.6. Results
Attachment A to the November 6, 2019 AL]J ruling provides the detailed

results of the major scenarios studied, including the 46 MMT Default Scenario,
the 38 MMT, and the 30 MMT scenarios. The 46 MMT Alternate Scenario was
also presented. Attachment B to the November 6, 2019 AL]J ruling contains
further details of the reliability and production cost modeling conducted in
SERVM to analyze the various scenarios and portfolios.

Table 1 below summarizes the CAISO area resource buildout results from
RESOLVE for the various scenarios. The 2017-2018 PSP is also presented for

purposes of comparison.
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Table 1. Cumulative Incremental Resource Buildout in Key Scenarios

PROPOSED DECISION (REV.1)

(in megawatts (MW))

Scenario Wind Solar Battery Pumped Geo- Shed Year
Storage (Long- thermal Demand
Duration) Response
Storage

2017-2018 1,145 5,852 - - - - 2022
PSP 1,145 5,852 187 - - - 2026
2,246 5,916 2,104 - 1,700 - 2030

46 MMT 34 - 2,960 - - 222 2021
Default 1,950 - 2,960 - - 222 2022
1,950 11,807 2,960 - - 222 2023

2,372 11,807 3,878 - - 222 2024

2,372 11,807 5,796 - - 222 2026

2,837 11,807 11,376 - - 222 2030

46 MMT 34 2,006 624 - - 222 2021
Alternate 1,950 4,006 624 - - 222 2022
1,950 6,006 1,336 - - 222 2023

2,550 6,006 3,759 - - 222 2024

2,550 6,006 5,193 - - 222 2026

2,837 11,774 11,384 - - 222 2030

38 MMT 34 - 3,095 - - 88 2021
1,950 - 3,095 - - 88 2022

1,950 13,682 3,095 - - 88 2023

2,550 13,682 3,885 - - 88 2024

2,550 13,682 6,112 - - 88 2026

4,337 17,224 15,789 - - 88 2030

30 MMT 34 - 3,095 - - 88 2021
2,392 - 3,095 - - 88 2022

2,392 14,873 3,095 - - 88 2023

2,992 14,873 3,757 - - 88 2024

6,453 14,873 6,525 85 - 88 2026

8,279 20,826 19,084 85 - 88 2030

Commission staff focused in on the GHG emissions results under the
different scenarios, also analyzing the results of the 46 MMT cases in SERVM.
Table 2 below presents the results for the CAISO area only (the approximately
81 percent of the statewide electric sector emissions attributable to entities within

the CAISO system).
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Table 2. GHG Emissions Results in the CAISO Area (in MMT)

Planning Year 46 MMT 46 MMT 38 MMT 30 MMT
Default Alternate

RESOLVE Results

2022 41.6 39.6 415 41.2

2026 40.3 429 39.0 34.3

2030 379 379 31.1 24.3

SERVM Results

2022 Not simulated 39.8 Not simulated

2026 445

2030 39.0 38.9

In terms of reliability assessment with SERVM, the preliminary results
presented at the October 8, 2019 workshop indicated that these updated
portfolios would be sufficiently reliable when modeled in SERVM. Commission
staff considered sufficiently reliable to mean an LOLE of less than or equal to 0.1,
which translates approximately to one day in ten years where the electric system
would have to shed firm load due to insufficient generating capacity to service
load and hold critical operating reserves.

However, when Commission staff were preparing variations on
assumptions to analyze the 46 MMT Default and Alternate Scenarios, they
discovered an issue when comparing results from the RESOLVE and SERVM
models. While both models included a simultaneous import constraint for the
CAISO area at the MIC level (approximately 11 GW), RESOLVE contained an
additional constraint of 5 GW as the default assumption for imports that can be
counted towards resource adequacy and meeting the planning reserve margin
(PRM) requirement of 15 percent. SERVM, by contrast, did not have any similar
additional constraint on imports. Thus, in assessing whether the electric system
was sufficiently reliable, SERVM was relying on a larger set of potential imports

than RESOLVE.
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To further constrain SERVM to approximate RESOLVE’s assumption that
only 5 GW of imports can count towards resource adequacy, Commission staff
added in SERVM a second CAISO simultaneous import limit of 5 GW that
applied for all hours where gross electric demand is higher than the 95t
percentile. This approximated the stressed hours of the year that the resource
adequacy program is intended to cover.

When this additional SERVM constraint was added, the LOLE results
exceeded 0.1 for 2022, 2026, or 2030 in the 46 MMT Default scenario. Table 3

below presents the LOLE results for this scenario.

Table 3. LOLE Results with Additional SERVM Import Constraint Added

Planning Year 46 MMT Default
2022 0.220
2026 0.108
2030 0.166

Knowing that the 46 MMT Alternate Scenario would be a likely option for
the 2019-2020 RSP since it includes realistic assumptions about near-term
buildouts, Commission staff focused its limited modeling resources on a more
detailed study of this scenario using SERVM. Observing that the 46 MMT
Default Scenario and the 46 MMT Alternate Scenario are similar in buildout and
level of existing gas unit economic retention, staff predicted that SERVM
simulations of the 46 MMT Scenario as-is from RESOLVE would also yield LOLE
results that exceeded 0.1.

To ensure SERVM simulations that would demonstrate a 0.1 LOLE or
better level of reliability for the 46 MMT Alternate Scenario, Commission staff
estimated that 2,000 MW of generic effective capacity would need to be added to
the portfolio. The 2,000 MW was added for the study years of 2026 and 2030,

meaning it would be online by 2026. No extra capacity was added in 2022, since

-23 -



R.16-02-007 ALJ/JF2/avs PROPOSED DECISION (REV. 1)

the 46 MMT Alternate Scenario included a partial extension of existing OTC
units that should provide sufficient effective capacity in 2022. In this context,
generic effective capacity can be understood to represent NQC for resource
adequacy purposes, without regard to the type of resource providing the
capacity. Such capacity could come from a number of potential sources: firm
imports, batteries paired with solar, geothermal, demand response, or more
economic retention of existing natural gas generation. The issue of the
appropriate source of the capacity is an outstanding question parties were asked
to comment on. But for reliability modeling purposes, when 2,000 MW of
generic effective capacity was added to SERVM manually, the LOLE results

given in Table 4 below were produced.

Table 4. LOLE Results with Additional SERVM Import Constraint Added
Plus Addition of 2,000 MW of Generic Effective Capacity in 2026 and 2030

Planning Year 46 MMT Alternate
2022 0.070
2026 0.056
2030 0.016

While the portfolio to meet a 46 MMT GHG target produced by RESOLVE
appeared viable, the reliability analysis produced by SERVM suggested that
additional capacity would be needed to produce a functional electric system to
inform the CAISO TPP.

3. Greenhouse Gas Target
The November 6, 2019 ALJ Ruling included the recommendation that the

GHG target for the electric sector in 2030 be set at the 46 MMT level, which is the
same level adopted for the 2017-2018 RSP for the last IRP cycle in D.18-02-018.
This was chiefly for consistency with the prior cycle and also because the
resource buildout associated with this level of GHG emissions target, with the

large number of assumption changes since the previous cycle, resulted in a much
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larger number of new resources needing to be developed by 2030 than
previously indicated in both the 2017-2018 PSP and the 2017-2018 RSP.

3.1. Comments of Parties

There was a strong division between parties over what GHG emissions
target should be assumed for 2030. Calpine, GPI, Reid, Middle River,

Cal Advocates, PG&E and SDG&E supported the use of the 46 MMT GHG
target.

AWEA, CESA, CEERT, CEJA, Sierra Club, Eagle Crest, NRDC, POC
SDCWA, City of San Diego, SEIA, Vote Solar, LSA, TransWest, and UCS all
supported a 30 MMT Scenario, because they argued it would put the state on
track to meet the Senate Bill (SB) 100 (DeLeo6n, 2018) goals and is similar in
buildout needed by the 2045 Framing Studies to meet the 2045 GHG goals.

CEJA and Sierra Club also would support 38 MMT as a backup, if 30 MMT
is not adopted. SCE supported 38 MMT and included their own modeling
results using different PRM and import assumptions, representing a portfolio
that is similar to the 46 MMT portfolio identified by Commission staff.

In comments on the proposed decision, numerous parties objected
strongly to the idea of continuing to use 46 MMT as the GHG target in 2030 for
the electric sector, arguing that it would not set the sector or the state up for
successfully achieving the even deeper targets that will be needed to achieve the
2045 goal.

3.2. Discussion
Commission staff recommended the 46 MMT GHG target both because it

is consistent with the goal adopted in D.18-02-018 and because it already
represents a challenging portfolio to develop in less than a decade. For instance,

the levels of new solar and battery storage represented in the portfolio constitute
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a very large investment requirement. Resources associated with the 46 MMT
portfolio represent approximately doubling the amount of renewable and
storage capacity online in the electric system in California in 2020.

Figure 1 below shows the historic buildout of renewable capacity in
California in the last decade, compared to the projected buildout of new
resources during the next decade, within the CAISO footprint only, with the
46 MMT GHG target for 2030.3 The figure compares modeled clean energy
resource expansion in CAISO under the RSP, excluding pumped storage, to the
historic rate of renewable energy growth statewide.

Figure 1: Cumulative In-State Resource Buildout (MW)
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In addition, the actual load that will need to be served by the electric sector

in 2030 is highly dependent on the uptake of vehicle electrification, as well as

3 Figure 1 compares historic statewide clean energy growth reported by the CEC to projected
resource growth within the CAISO area. Adding non-CAISO capacity expansion projections in
2020 and beyond would result in a steeper buildout trajectory. This figure does not include new
pumped storage or other long-duration storage capacity in the RSP, because it is not easily
comparable to the previous decade of statewide renewable energy growth.
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building electrification. With high levels of both types of electrification desirable
to achieve the overall state emissions goals, if the state is successful in deploying
a lot more electric vehicles and building appliances and systems, it may be even
more of a challenge to meet the 46 MMT GHG emissions levels for the electric
sector if additional electrification of vehicles and buildings occurs, beyond what
has been previously assumed. However, the 46 MMT target remains within the
range adopted by CARB and accounts for the uncertainty around load increases
associated with electrification.

In addition to being within the CARB range, this target represents a major
reduction in GHG emissions. It is 26 percent below the actual emissions for the
electric sector in 2017 (the last year for which statewide data is available). It is
also 56 percent below GHG emissions for the electric sector in the year 2000,
which represents the equivalent of taking 12.5 million passenger vehicles off the
road each year.

The continued use of the 46 MMT target also balances GHG reductions
with reliability and affordability. Using the total resource cost metric, the
46 MMT target has a revenue requirement of approximately $45.7 billion
annually, while a 38 MMT target is estimated at $1.1 billion more annually, and
30 MMT would cost approximately an additional $2.4 billion annually. This is
before accounting for the other increasing costs across the electricity sector for
resiliency and hardening, and other improvements being made to the system
over the same time period.

The support from many parties of the 30 MMT GHG target level hinges on
their concerns about reaching the 2045 emissions targets set by SB 100 and the

predictions by many climate models seeking to restrict the amount of
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temperature rise and sea level rise on the planet due to concentrations of GHG
emissions in the atmosphere.

These parties have argued, both prior to the issuance of the proposed
decision and in comments on it, that the modeling conducted by Commission
staff in RESOLVE and SERVM needs to be “groundtruthed” against actual
CAISO emissions levels. Some of the parties argue that the models
systematically underestimate GHG emissions. Commission staff responded to
such concerns in the previous cycle of IRP and conducted a benchmarking
analysis to compare the actual 2017 GHG emissions reported by the CAISO
(562.9 MMT) against the 2018 RESOLVE model output (41.3 MMT). The
11.6 MMT difference was broken down into three categories:

¢ Differences in modeled assumptions compared to the real
world (e.g., weather, load, renewables online, and
hydroelectric production) accounted for 2.9 MMT.

e Differences in GHG accounting methodologies between
RESOLVE and CAISO accounted for 3.8 MMT. RESOLVE
accounting mirrors the CARB cap-and-trade program
accounting rules, where the CAISO uses a different
methodology.

e Differences in CAISO dispatch and RESOLVE data and
simulation methodology accounted for 4.8 MM. This
category represents potential improvements in the
modeling that could be explored to close the gap with
CAISO-reported emissions.

Since that prior analysis, a wide range of methodological improvements
and data updates have been made to RESOLVE, and those improvements have
appeared to close the gap in emissions reported. Comparing the 2019 GHG
emissions recently reported by the CAISO (51.0 MMT) with the RESOLVE-
reported emissions for 2020 (43.1 MMT) in the new RSP, the gap has closed to
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7.9 MMT. Commission staff intend to conduct additional analysis to understand
how much of the 7.9 MMT falls into each of the categories above, but in the
meantime, the gap is narrowing.

It is also important to keep in mind that near-term discrepancies between
RESOLVE or SERVM modeled emissions and CAISO-reported emissions, for
which we have only a few data points, do not necessarily translate to a
systematic undercounting of emissions across the entire planning horizon. For
example, in early years of the decade, CAISO reports emissions associated with
specified coal imports, which are not modeled in RESOLVE because they will be
discontinued well before 2030.

In addition, the PATHWAYS model was used in CARB’s development of
the 2017 Scoping Plan Update, which was the primary source for establishing the
30-53 MMT range for the electricity sector. RESOLVE is designed to account for
emissions in the same way as the PATHWAYS model, using cap-and-trade
program accounting methods, which are different from the CAISO reporting
methodology. Therefore, to the extent that portfolios produced by RESOLVE
continue to fall within the CARB-identified range, we can be confident that the
IRP analysis remains aligned with the latest economy-wide assessment from
CARB, and that the electric sector will remain on track to achieve reductions
consistent with the State’s goals of 40 percent reduction in emissions from 1990
levels by 2030. We will also ask Commission staff to conduct this benchmarking
analysis in each cycle of IRP, including to apply to the RSP adopted in this
decision.

In addition, with concerns about reaching the longer-term targets in 2045
in mind, Commission staff ran additional analysis of the 46 MMT Scenario, but

with 2045 as the end year, in order to take into consideration the concerns of
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those parties about meeting the longer-term 2045 GHG goals, while maintaining
reliability under higher expected electric loads. The high hydrogen,
electrification, and biofuels scenarios studied in IRP were based on three
PATHWAYS scenarios from the CEC’s 2018 study, “Deep Decarbonization in a
High Renewables Future.”4 The results of that additional analysis are discussed
in more detail in the next section.

But for purposes of setting the GHG target, we note that one major finding
of setting the end year for analysis at 2045 is that more of the natural gas capacity
is retained than in the previous RSP recommendation included in the
November 6, 2019 AL] ruling. This is chiefly because RESOLVE determines that
it is more economic to retain natural gas capacity, particularly peaking capacity,
for reliability purposes, than to retire the natural gas capacity and have to
re-build it later after 2030, when electric loads are increasing dramatically due to
expected electrification in other sectors.

Finally, we note that the purpose of conducting IRP planning analyses in
repeating cycles is to allow for updated analysis based on new information, new
procurement, and new assumptions. The Commission has always intended to
continuously revisit whether the 2030 GHG target set in the last IRP cycle is still
the correct one. For this IRP cycle, on the basis of analysis already conducted
and the additional analysis discussed in the next section of this decision, we
conclude that the 46 MMT is still appropriate for our LSEs and will still be a
challenge to achieve, but we reserve the right to revisit this conclusion in the next

cycle of IRP analysis.

4 Available at: https:/ /www.ethree.com/wp-
content/uploads/2018/06/Deep_ Decarbonization_in_a High Renewables Future CEC-500-

2018-012-1.pdf

-30 -


https://www.ethree.com/wp-content/uploads/2018/06/Deep_Decarbonization_in_a_High_Renewables_Future_CEC-500-2018-012-1.pdf
https://www.ethree.com/wp-content/uploads/2018/06/Deep_Decarbonization_in_a_High_Renewables_Future_CEC-500-2018-012-1.pdf
https://www.ethree.com/wp-content/uploads/2018/06/Deep_Decarbonization_in_a_High_Renewables_Future_CEC-500-2018-012-1.pdf

R.16-02-007 ALJ/JF2/avs PROPOSED DECISION (REV.1)

As requested by AWEA in reply comments on the proposed decision, we
affirm that the selection of a 46 MMT GHG target for 2030 does not preclude the
Commission from adopting a lower target in the 2019-2020 PSP, after
consideration of individual LSE IRPs.

Also in response to continuing concerns of numerous parties that the
46 MMT target is still too high, given uncertainties, we will also require all LSEs,
when filing their individual IRPs, to submit at least two portfolios: one
conforming to the 46 MMT planning target for the sector, and a second
conforming to a 38 MMT target in 2030. More details of this requirement are
included in Section 7 below.

In this way, the Commission will be able to practically evaluate two
alternative portfolios and targets in time to assemble a PSP for the 2019-2020
cycle of IRP.

This change has the virtue of not requiring additional theoretical analysis
now, which would take extra time, since the Commission staff have not
conducted and parties have not vetted a complete reliability assessment of a
38 MMT portfolio. But rather than spending time doing further modeling and
analysis now, having LSEs submit their plans toward a 38 MMT will allow the
Commission to conduct a more practical (and less theoretical) analysis of w