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California decarbonization scenarios

Situation & Plan Path to 100 approach

Firm decarbonization targets « Search for the optimal decarbonization plan for
Dependency of imports California using leading software & supercomputers
Rapid growth of solar power White Paper & webinar in March, a_dded hydrogen and
Closures of firm capacity (Nuclear, gas/ OTC's) carbon neutral methane scenarios in May

Verv limited . ¢ lant Major heat wave in western USA in August 2020.
ery limited repowering of gas plants Hourly load data did not contain such heat waves -
Insert 2>

Challenges
Increasing issues with solar curtailment, evening New, modified Optimal Path scenario ensuring

ramps, generation costs and security of supply security of supply during extreme heat waves

How to integrate renewables to ensure security of
supply, sustainability and affordability

Path__
to100%




Scenarios

New scenario

Current Plan* v&':::&?: t'::;‘ml Optimal Path+ ptv) § Optimal Path ety § Optimal Path (pth)

* Follows the 2019 state
IRP (46 MMT Alternate
Scenario) until 2030,

and mirrors the IRP
(High Electrification
Scenario) until 2045

OTC retirement
delayed to 2026+

Limited repowering
with thermal

100% of retail sales
carbon-neutral by 2045

~ 8% of generation can
still be fossil-thermal to
cover grid losses

 OTC retirement
delayed to 2026+

NO repowering with
thermal

Only solar, wind &
traditional storage
capacity additions
allowed

100 % carbon-neutral
by 2045

* Current Plan emulates the current California state plan

 OTC retirement 2023

* OTC’s repowered with
optimal capacity mix

RPS commitments met
by 2040 (5 years early)

100 % carbon-neutral
by 2045

Requires allowance of
Power-to-Methane
(PtM)

Ensured security of
supply during
extreme heat waves

OTC retirement 2023
OTC'’s repowered with
optimal capacity mix
RPS commitments met
by 2040 (5 years early)

100 % carbon-neutral
by 2045

Requires allowance of
Power-to-Methane
(PtM)

OTC retirement 2023
OTC’s repowered with
optimal capacity mix
RPS commitments met
by 2040 (5 years early)

100 % carbon-neutral
by 2045

Requires allowance of
Power-to-Hydrogen
(PtH)
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Common Assumptions to all Scenarios

Neighboring states decarbonize their power generation by 2045

Fossil balancing power will not be available from the neighbors in 2045

Modelling approach

Plexos can add all technologies to the power system (including pump storage
etc.) if it makes economic sense & enables reaching the carbon targets

Capex & Opex costs to produce adequate carbon neutral fuels (hydrogen
or methane) for power generation locally in California are included in some
scenarios (except hydrogen network and storage infra costs which are not known)

Bloomberg price learning curves for solar, wind & battery storage

=3 IDAHO
ASPOWER

Carbon Neutra
by 2027.

100-percent
clean energy

" by 2045,

Montana: 15% by 2015
Washington: 100% by 2045
Oregon: 50% by 2040

| da: 100% by 2050
California: 100% by 2045

@& Utah: 20% by 2025
® ——— Colorado: 100% by 2050

Vaps

Carbon Free
Power

by 2050.
v PNM.

100 %
Carbon Free
by 2040.

Arizona: 15% by 2025
New Mexico: 100% by 2045
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Managing heat waves! Current Plan (IRP)
OTC retirements delayed until 2026

"Generic Effective Capacity” as a “perfectly dispatchable
peaker with zero emissions” replaces OTC’s 2026

Cumulative capacity additions until 2030

40 Optimal Path
35 Faster addition of solar and battery storage

30 OTC retirements in 2023. Flexible gas generation,
- additional storage and solar replace OTC’s and ensure
system reliability

520

15 Wind

Solar Optimal Path+
W Battery Compared to Optimal Path
Flexible Fast immediate addition of 7.4 GW firm gas capacity

Fifective Capacity Similar solar & wind additions, sligtly slower addition of
storage

System reliability ensured even during heat waves

N\
Y

Current Plan l
Optimal Path (PtM) \l
Optimal Path+ (PtM)
Current Plan
Optimal Path (PtM)
Optimal Path+ (PtM)
Current Plan
Optimal Path (PtM)
Optimal Path+ (PtM)

Path__
* Current Plan emulates the current state IRP to1000/°




Scenario comparison

System capacity in 2045

700

600

Power system capacity 2045, GW 500 Wind
Battery + Pump Storage, GWh 200 Solar
Fuel Storage, GWh z 200 EEN Battery
Cumulative Carbon until 2045, Mton

Carbon in 2045, Mton 0
Generation costs in 2045, $/MWh 50

Y
Optimal Path(s)

mmm Hydro_PS
200 I Other

mmm Hydro

Flexible

Peaker

System capacity ~ 10 % lower than IRP mmm CC_Gas

Enable OTC retirements by 2023 & . $ —Peak Load
Reach RPS target 5 years early in 2040, with full decarbonization by 2045

* Current Plan emulates the current state IRP to100(y°




Carbon Emissions during the Path

30—Current Plan
Optimal Path (PtM)
= Optimal Path+ (PtM)

2
0 Cumulative Diff

0

2020 2025 2030 2035 2040 2045

0

Cumulative MtCO2

Optimal Path allows faster
growth of renewables, without
OTC extensions

Optimal Path avoids 124 MtCO,
of Carbon compared to Current
Path

Current Plan meets 60% RPS
target at 2030, but Optimal
Path exceeds it

Optimal Path is at 100% net-
zero by 2045 while Current
Path is not
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Future fuel’s production process

Excess Renewable
Electricity
= — T LR Carbon

Neutral
Methane to
natural gas

network, or to
LNG

Hydrogen for
flexible power
plants
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New Approach to Electricity Storage

Ancillary services

Short Term Storage Conversion Minute-to-hour-to-daily balancing
158 GWh (PtM) / 108 GWh (PtH) Inverter Daily shifting of solar

Excess Renewable == Balancing Power for
Electricity - * the Grid

Long Term Storage Conversion
7650 GWh (PtM) / 13617 GWh (PtH) Gas Power Plant

Unusual weather management
Seasonal system balancing

Path__
to100%
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Affordable

Key takeaways

Reliable

Optimal Path+ outlined in the study offers a practical path to 100 % for California
Faster & complete decarbonization with lower costs for ratepayers
Maximized security of supply ensured even during extreme heat waves

Power to Gas (Methane or Hydrogen) is a key ingredient of the optimal, decarbonized power system

Policy recommendations for California, to enter the Optimal Path+ to 100 %:

Recognition of Renewable Fuels (including renewably sourced Methane and Hydrogen) as "renewable” for RPS compliance
purposes

Maintain OTC 2023 retirement dates
Add 7.4 GW of flexible gas generation to the power system
Ensure the new flexible capacity can later be converted to carbon neutral fuels
Add optimal proportions of Renewables, Storage and Flexible Thermal, to enable the transition to 100% clean energy

Path__
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White Paper available at PATHTO100.0RG
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WARTSILA

Path to 100% Renewables

for California

Meeting Califomia’s goal of 100% renewable
electricity by 2045 while also ensuring affordable
and reliable power is a tremendous challenge.

This white paper explores a new path that would
enable California to mest its goal of 100% clean
electricity by 2040 — five years ahead of schedule
— slashing greenhouse gas emissions and air
pollution along the way, Compared to cuent plans,
this path optimizes the number of wind famms and
solar installations built in the state, saving billions of
dollars and alleviating land-use and grid construction
pressires. The proposed pathway features flexible
thermal generation that can run on carbon-neutral
fuel produced from excess solar and wind energy.
Together with energy storage, flexible generation can
ensure affordable, reliable electricity and a net-zero-
carbon future.

TABLE OF

EXECUTIVE SUMMARY
INTRODUCTION ...
ANALYTICAL APPROACH.

SUMMARY OF SCENARIOS
Power-1o-Gas (Msthana)

Optimal Path minimizas capacity bulldou.......

Opfimal Fath minimizes caron emissions
and reaches nei- zero by 2045

Qptimal Patn miimizes emissions of ~

and Particulatee. ...
Cp:tma\ Path minmizes curtailment
of solar and wind

Optimal Path minimizes land Lse.

Optimal Path mirimizss lotal cost o

dacarboniza the electric ufiity sector

BY o —

Optimal Path meimizes storags caps
DOWEF- 10-gas. ...

Current Planwithout Fossi Thema ..

Optimal Path mesximizes geneation from car-
1

bon-free sources
Sumemary and Final Recommentdations .
APPENDIX ..o
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Using Analytics to Build Consensus and Find Win-Wins for Future Resource Portfolios

Dr. Gary Dorris, CEO, Ascend Analytics

Wartsila
September 23, 2020



MRS, & £ 2

Founded in 2002 with 50 employees in Boulder, Oakland and Bozeman
Seven integrated software products for operations, portfolio analytics, and planning
Consulting and custom analytical solutions

Proven and Broadly Adopted Enhanced Decision Analysis Across Time
- PowerSimm OPS PowerSimm Portfolio Manager PowerSimm Planner
N NEXTera OPERATIONAL STRATEGY PORTFOLIO MANAGEMENT VALUATION & PLANNING
—\ EN ERGX 4‘2 ) (;ptlmal. short-terrjn dlspatch. ¢ * Portfolio management * Asset valuation
P s * Determine operating strategies from . . . )
TERRA-GEN _~ position and financial expostire Generation asset management Resou.rce Plannlhg '
o Tk realfras GUS A ar v EA A1) * Hydro and renewable asset modeling * Capacity Expansion Planning
[ DUKE » Newvorkpower costs to settled day ahead and real time * Retail management & pricing * Reliability Analysis
@ Authﬂrlfy prlcTe e : * Energy purchases and sales * Renewable Integration
ENERGY. * Optimize financial exposure between day * CFaR, GMaR, EaR » Long-term Price Forecasting

ahead and real time prices

®

1
e BatterySimm Operations BatterySimm Valuation
n rg " STORAGE OPTIMIZATION STORAGE VALUATION

4 '\ SILICON VALLEY
(‘AES OCLEAN ENERGY

the power of being global Cu rve Deve I o pe r
— , * Complete set of forward curves and forecast curves for 30 years
[ 0Ss Angeles
N()rth_WeSlern ]?V'V' D epam% ert ol * 1SO settlement data N A Anal s
|‘.Il('I'LL1'\' | Water & Power * Incorporate broker projections scend Analytics




Clean Energy Resources for Grayson Replacement

® Natural gas steam unit, built in 1940s. Provides critical local
generation in a transmission constrained area

®* Pathway to 100% renewable

“The resource portfolio recommended in this Integrated Resource Plan

(IRP) will firmly establish Glendale Water and Power (GWP) as a national
clean energy leader. The future envisioned herein represents a complete
transformation of the way GWP provides reliable, affordable, and clean Peak load = 350 MW

energy resources to the citizens of Glendale.” Located 9 miles from downtown LA
- 2019 Integrated Resources Plan, Page 1.

MONDAY 9:21

28 MW of | | |
efficiegcegﬁ(rjgy 23 MW of rooftop 75 MW of large-scale 93 MW of critical
Y battery storage back-up power

demand response solar and storage Ascend Analytics * 19



Glendale Water and Power (GWP)

Glendale’s load significantly exceeds the available local
supply, therefore transmission is critical for reliability

IIIEO

RICE

2]
«Q

| Wind

Energy Rooftop Demand
Efficiency Solar Response

Small Hydro

miréﬂ

Grayson Unit 9

% 48 MW

Magnolia Power Plant
48 MW

Local Replacement
Portfolio for Grayson 1-8

210 MW
100 MW Pacific
DC Intertie

%?
ﬁ%@@

——
*

Glendale 2025
344 MW

% % Wind  Solar

100 MW Southwest AC Intertie

20

Hoover
Dam

Palo
Verde

R4 i
%7 A0 an 3w

IPP

Ascend Analytics * 20



Reliability Requirements: N-1-1

NERC standards require GWP to maintain contingency reserves up to an N-1-1 contingency situation
in which the second largest resource fails while the first largest resource is unavailable

!‘:—::' r__q A _)
T

| )

l L

=0 0,
:E?"E. v i | Wind Small Hydro
RICE < Energy Rooftop Demand
48 MW Magnolia Power | | Eﬁcr“q sTar Resplom i The 100 MW Pacific DC
¢ { Intertie which sees frequent

Plant with a forced
outage rate of 10% is
GWP’s second largest

contingency

deratings and outages is
GWP’s single largest
contingency

Local Replacement

Portfolio for Grayson 1-8
210 MW %

)

Grayson Unit9
48 MW

DC Intertie

i - |
f 44 L aa 3=
% % %’ n Solar H;:;er vl;ar :e IPP

100 MW Southwest AC Intertie

=L

==X ipa

Glendale 2025
344 MW

2019 2020 2021 2022 2023 2030 2035 2038
Mean Peak 340 341 339 | 339 341 344 359 371 377
N-1-1 Reserve Requirement 148 148 148 148 148 148 148 148 148
Total Capacity Requirement (at peak) 488 489 487 487 489 492 507 519 525

Ascend Analytics
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Alternatives Considered

Portfolio B- NG C-ICE D-50 E-75MW F-100 G -100%
Repower Repower MW Batt Batt + MW Batt + Clean
+ 6xICE 5xICE 3xICE
Candidate Resource Nameplate Capacity (MW)
Clean Energy Residential DER 13 13 13 13
+ Load Public Spaces DER 10 10 10 20
Reduction Residential and Large
Commercial EE+DR 75 75 75 205
Small Commercial
EE+DR 20.4 20.4 20.4 20.4
Imported Solar 140 140 130 130 130 130
Renewable _
Resources Wind 140 140 130 130 130 130
Storage Utility Battery 50 50 50 75 100 150
Conventional | CC 71
Generation CT 120
ICE 149 112 93 56

Ascend Analytics * 22



Present Value Cost Comparison

Portfolio E is the least-cost portfolio that incorporates clean energy and load reduction resources identified through
the Clean Energy RFP.

C - ICE Repower E - 5ICE+75MW D - 6ICE+50MW G - 100% Clean F - 3ICE+100MW B - NG Repower
1100
Net Present $488 $570 $569 $604 $596 $704
Value 5932
900
Total Cost $802 $803 $805 $822
$755
7 500
c
2
S 300
100
-100
Addtl Economic
Value
-300
B CO2 Cost Generated B CO2 Cost Imported M Existing Asset Fuel Cost
= New Asset Fuel Cost B Siemens Cap+O&M m ICEs
M Batteries Residential DER Public Spaces DER
Res + Large Commercial EE+DR m Small Commercial EE+DR = Market Purchase & Sales
m Residual Value = Subhourly Benefit ® Imported Renewables

Ascend Analytic

Z\

S
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Marginal Abatement Cost of Carbon

* The cost of each marginal metric ton of carbon saved in moving from Portfolio E to Portfolio F is $1,264/tonnes, the cost of
moving to Portfolio G is $2,243/tonnes

* Alternative carbon abatement strategies exist that are more cost-effective

$2,500
$2,243
41% of CA emissions from transportation, _
o, = : c
only 10% from electricity S $2,000
Q
10% - Electricy g
S 6% - Electricity %
o, g MPORTS
naustria 'Ol ? 51,500
_ 8% Agriculture % $1,264
>
o
&
__ 7% Residential - $1,000
2
]
SN 5% Commercial &_)
~<1% - Not Specified S 4500
w
S $317 $343
41%-T orl $220
= - Transportation
s_ |
Additional Energy Forestry Offsets Electric Vehicle Electric Busses Charging Adopting Portfolio F Adopting Portfolio G
Efficiency Subsidy infrastructure

A\

Ascend Analytics * 24



Clean and Renewable

Clean and renewable resources to compromise over 71% of energy in 2030

1200

1000

800

Forcasted
Clean

600 Portfolio

Content

Energy (GWh)

400

RPS Goal

200

0
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
mmm Skylar Contract (Green) m Tieton (Small Hydro) i Highwinds
Pleasant Valley Scholl Landfill Pebble Springs
B Public Spaces DER I New Utility Scale Wind = Ormat Geothermal
New Utility Scale Solar mm Bucket 3 Renewable Energy Credits mPalo Verde
I Hoover = =RPS Requirement

/\ 25
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GWP will exceed emissions reductions goals through clean energy and
transportation electrification

®* EV emissions savings is calculated to account for tailpipe emissions avoided with new EVs

® This emissions credit shows that GWP’s net emissions become negative starting in 2029

o))
o
o

(%]
o
o

Electric utilities
enable transition
to clean fuels and

B
o
o

w
o
o

N
o
o

should take credit
for the emissions
reductions

=
o
o

o

=
o
o

N
o
o

Annual CO2e Emissions (Thousand Metric Tons)

w
o
o

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

B Grayson Units 3-8 m Grayon Unit 9 m Magnoila IPP - Coal
I |PP - Repower m Wartsila ICEs [ EV Emissions Savings M Market Interaction
---Lower CARB Target ---Upper CARB Target —Net Emissions
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Key Lessons Learned

*® Listen to your stakeholders, hire an external
professional facilitator and address concerns

® |ssue the RFP to inform your resource procurement Another California City Drops Gas Peaker in Favor
and plan of Clean Portfolio

Glendale’s municipal utility quickly got comfortable with big batteries, distributed energy, efficiency and a

few reciprocating engines.

®* Leverage advanced modeling and share resultsina == =
clear transparent manner -y

®* Frame choice set not only in terms of electricity
options but also transportation and built
environment

®* Emphasize the option of using renewable fuels by City Council Adopted the IRP 5 — 0.

the earIy 2040s to fully decarbonize The plan was deemed acceptable to local environmental
organizations.

Ascend Analytics * 27
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Path to 100% Renewables

for California

Mesting California’s goal of 100% renewable
electricity by 2045 while also ensuring affordable
and refiable power is a tremendous challenge.

This white paper explores a new path that would
enable California to meet its goal of 100% clean
electricity by 2040 — five years ahead of schedule
— slashing greenhouse gas emissions and air
pollution along the way. Compared 10 cument plans
this path optimizes the number of wind farms and
solar installations built in the state, saving bilions of
dollars and alleviating land-use and grid construction
pressures. The proposed pathway features flexible
themmal generation that can run on carbon-neutral
fuel produced from excess solar and wind energy.
Together with energy storage, flexible generation can
ensure affordable, reliable elsctricity and a net-zero-
carbon future.

TABLE OF

EXECUTIVE SUMMARY ... . ... ...

INTRODUCTION
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&
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and reachos net-2aro by 2045 ...

Optimal Path minimizes emissions of _

N0 and Particulates..... -
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Optimal Path minimizas land Usa.
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