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Agenda

The Wholesale Market Value Stack

Key Question: What wholesale market revenues for storage are
Important for a utility to evaluate in a resource plan?

Storage for Risk Mitigation

Key Question: How can storage reduce market risk associated with
renewables, and how can this be demonstrated vs. other options?

Storage for Deep Decarbonization

Key Question: How does storage play in a deeply decarbonized
world?
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Overview of Charles River Associates

Core Utility Services

Founded in 1965

Advisory and Economic Consulting
750 Consultants Worldwide
Dedicated US and UK Energy Practices
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Recent CRA Utility Projects

 Utility IRPs
(summary next slide)

» Peer utility retall
rate forecasting

« Corporate scenario
development

 AMI business case
development

* QF filings and testimony

« RFP structuring and execution
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CPCN and rate case
testimony

Corporate
portfolio strategy

Utility acquisition
due diligence

Utility M&A strategy and asset
valuation

Transmission cost of service
analysis

PPA restructuring
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Recent Integrated Resource Plan Experience

States Where CRA Has
Supported Utility IRPs in Last Year
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Typical Services
Resource Strategy

Scorecard
Development

Scenario Planning

Portfolio and Risk
Modeling

Stakeholder
Engagement

Process Engineering

IRP Volume
Development

Related Testimony
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CRA Modeling Framework

AURORA
u Chronological dispatch

u Power prices & capacity factors

u Detailed portfolio modeling

NEEM Model

m Effect of
environmental
constraints on
power sector

= Emission prices

= “Optimal”
regional supply
mix

7

NGF Model and GPCM

= Fundamental supply and
demand for natural gas

= Regional basis for gas

Market Inputs
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PERFORM
» Retail rate

= Integration with

impacts based
on dispatch of
utility portfolio

other utility costs
(T&D)

Monte Carlo Engine

= Stochastic analysis to
measure portfolio risk

ESOP

= Wholesale market
storage value

C

Portfolio Analysis i Costs and Risks
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Liberty Utilities Missouri IRP

CRA Helps Liberty Utilities Develop Their Integrated Resource Plan

August 08, 2019 08:30 AM Eastern Daylight Time

BOSTON--(BUSINESS WIRE)--Charles River Associates (NASDAQ:
CRAI), a worldwide leader in providing economic, financial, and
management consulting services, today announced CRA supported
Empire District Electric Company, now Liberty Utilities, in the
development of its Integrated Resource Plan (IRP), which calls for the
planned replacement of a coal-fired power plant with a combination of
wind, solar, storage, and distributed resource investments.

Liberty Utilities filed its 2019 IRP with the Missouri Public Service
Commission on June 28.

CRA press release August 8, 2019

CRALhar es River
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https://www.businesswire.com/
https://cts.businesswire.com/ct/CT?id=smartlink&url=http://www.crai.com/&esheet=52075948&newsitemid=20190808005431&lan=en-US&anchor=Charles+River+Associates&index=1&md5=026bc0f00012193a7d24d0e2150e90fb
https://cts.businesswire.com/ct/CT?id=smartlink&url=http://www.crai.com/&esheet=52075948&newsitemid=20190808005431&lan=en-US&anchor=economic,+financial,+and+management+consulting+services&index=2&md5=a7ec7fc7f0075d63599552acdcbd2102

Liberty Utilities Missouri IRP
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Table 7-3 - Preferred Plan Supply Side Resource Additions

Year Supply-Side Retirements / Supply-Side Additions
PPA Expirations
2019 Asbury (200 MW)
2020
Wind (600 MW)?,

2021 Community Solar (10 MW)
2022 Distributed Solar + Storage (19.5 MW)
2023 Central-Scale Solar (50 MW)
2024
2025 Elk River Contract Expiration (150 MW)
2026 Energy Center 1 and 2 (162 MW)
2027 Central-Scale Solar + Storage (50 MW)

Meridian Way Contract Expiration (105 Distributed Solar + Storage (19.5 MW)
2028 MW)
2029
2030
2031
2032 Distributed Solar + Storage (13.5 MW)
2033 Riverton 10 and 11 (28 MW)
2034 Central-Scale Solar (50 MW)
2035
2036 Distributed Solar + Storage (13.5 MW)
2037
2038

Private and Confidential
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Liberty’s Utility’s NH Behind the Meter Storage Program
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Phase 1 Pilot

1 Main
Solar Panel Gateway
100 Customers Inverter '

GREY: Existing equipment
BLUE: New equipment being installed

Utility Meter

200 Powerwall -
systems — 2 Tesla
batteries, 1 gateway "
Customer pays
$4,866, utility rate
bases remaining Powerwall
$11,834/customer Tesla Batteries

Phase 2 if certain
standards are met

CRA Charles River
Private and Confidential Source: CRA-Liberty Presentation at EEI Roundtable, Oct 2019 Associates



NIPSCO IRP

CRA Helps NIPSCO Develop Their 2018 Integrated Resource Plan
December 03, 2018 08:30 AM Eastern Standard Time

BOSTON--(BUSINESS WIRE)--Charles River Associates (NASDAQ:
CRAI), a worldwide leader in providing economic, financial, and
management consulting services, today announced CRA supported
Northern Indiana Public Service Company (NIPSCO) in the
development of its Integrated Resource Plan (IRP), which calls for the
retirement of 1600 MW of coal by 2023 and replacement with a
combination of renewables, storage, and demand-side measures.

Summary of Responses to NIPSCO 2018 RFP

Other Oiiliie) == Solar +
CCGT CT . Wind Solar+ Solar Storage DR Total
Fossil Storage
Storage
Total 15 1 3 14 1 35 11 9 1 90
_ IA, IN, IL, IN,
Locations IN, IL IN IN, KY IL. MN IN A IN IN IN

CRA(, harles River
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https://www.businesswire.com/
https://cts.businesswire.com/ct/CT?id=smartlink&url=http://www.crai.com/&esheet=51907445&newsitemid=20181203005486&lan=en-US&anchor=Charles+River+Associates&index=1&md5=2b074b943bcb42769f2a4f9e9a569adf
https://cts.businesswire.com/ct/CT?id=smartlink&url=http://www.crai.com/&esheet=51907445&newsitemid=20181203005486&lan=en-US&anchor=economic,+financial,+and+management+consulting+services&index=2&md5=07d5c6f22515d4dd4b36f7072b648e38

Pressures to Incorporate Storage in Utility Plans

State Policies
(RPS, Decarb)

Earnings
Objectives

Regulatory
NWA Focus

Federal and
State Tax
Incentives

Growth and
Low Cost of
Renewables

Utility

Resource Plan

Grid
Transformation

Competitive
Threats
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Storage
Technology
Maturity

Customer
Demand

Actions of
Utility Peers
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Utility Risks to Storage Development

Technology underperformance

Potential Outcome: Early replacement, stranded costs

Market rules that do not fully compensate for value

Potential Outcome: Higher rates

Less favorable policies on renewables / decarb

Potential Outcome: Underutilized asset, higher rates

Reality does not reflect modeling

Potential Outcome: Variable

Grid does not evolve as expected

Potential Outcome: Underutilized asset, higher rates

CRAQ harles River
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Agenda

The Wholesale Market Value Stack

Key Question: What wholesale market revenues for storage are
Important for a utility to evaluate in a resource plan?

Storage for Risk Mitigation

Key Question: How can storage reduce market risk associated with
renewables, and how can this be demonstrated vs. other options?

Storage for Deep Decarbonization

Key Question: How does storage play in a deeply decarbonized
world?

CRA Charles River
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Wholesale Market Value Stack

Even within the wholesale markets, energy storage resource value streams have been
traditionally under-estimated in the IRP

T&D deferral

Ancillary services
value (regulation and
spinning)

New revenue —
streams to consider

Real time arbitrage

— Capacity value

Energy value from load-
-—> shifting and operation in
the wholesale market

Battery Storage Value Stack

Historically included
in IRP analysis

—

C Charles River

15 Private and Confidential Associates



Key Considerations for Wholesale Market Modeling

Storage resource operations:
— Storage capacity, rate of charge/discharge, and efficiency
— Cycling depth of charge/discharge, “healthy” limits on state of charge
— Battery degradation

— “Standard” ESR operations that ensure life-time warranty
Dispatch flexibility and optimization:
— How much generation to offer for day-ahead unit commitments

— Energy arbitrage strategies in real-time markets

— Decision to participate in ancillary services (AS): frequency regulation, spinning
reserves

While taking into account:
— Market participation rules

— Realistic assumptions such as imperfect foresight
C Charles River
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Storage resources realize value through granular operations

100

90

80

70

60

50

40

30

State of Charge (% of Energy Capacity)

20

10

g g
< <
W =

25MW Lithium-Ion Battery = ——Real-Time Prices

g
e
=)

14ep
zhep
ghep
LAep
LAep

17 Private and Confidential

- 200

- 150

r 400

- 350

- 300

i
N
(=]

Real-Time Prices ($/MWh)

- 100

- 50

* Energy storage

resources (ESRs)
can participate not
only in the day
ahead energy
market, but also in
sub-hourly markets
for real time energy
and ancillary
services

Evaluation needs
to account for
operational
limitations,
operational
strategies, and
market rules

C Charles River
Associates



Recent Insights

 Lithium-ion batteries may find an opportunity to use the synchronized reserves
market to reduce degradation costs

— The synchronized reserves market calls for the resource to only occasionally perform
and provides the opportunity to earn revenue while limiting throughput

 Different storage technologies will participate very differently in wholesale
markets

— Alonger charging resource (like molten salt) faces high opportunity costs for
charging, constraining the resource’s participation in the frequency regulation market

— Aresource like molten salt is incentivized to earn revenue while minimizing energy
discharge by:

» Predominantly providing synchronized reserves

» Discharging only when energy prices are high

Molten Salt 16%

M Frequency Regulation W Energy Synchronized Reserves

b Charles River
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Operational limitations need to be recognized when
assessing value

Battery Value Projections

CRA Projections 40

Remove Technological « Value stack

and Market Constraints .
studies often do
not incorporate all

+ removal of market rule
constraints (ie, can shift market 47

1

1

)
every 5 minutes) i market and

: technolpgy _

: constraints, which
+ removal of cycling constraints — : are critical for
(ie, no limit on daily cycles) I -

: rea!lstlc_:

: projections

1

v

+ removal of other constraints
on state of charge limits and
costs for VOM, parasitic power

Arrive at Similar Numbers

Third-Party Study (GP1) [GRG—G—_—GG —

S/kW-Year

C Charles River
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Agenda

The Wholesale Market Value Stack

Key Question: What wholesale market revenues for storage are
Important for a utility to evaluate in a resource plan?

Storage for Risk Mitigation

Key Question: How can storage reduce market risk associated with
renewables, and how can this be demonstrated vs. other options?

Storage for Deep Decarbonization

Key Question: How does storage play in a deeply decarbonized
world?

CRA Charles River
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Market volatility risk can be significant

« Market price volatility can introduce risk for portfolios with significant
intermittent resource capacity that may be exposed to the wholesale markets
for energy purchases and sales at various times

Gas Price Power Price
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Renewable generation output will also be variable

« Solar output not only varies by season and time of day, but within and
across days and weeks according to cloud cover, snow cover, and other
factors

1 3 5 7 9 11 13 15 17 19 21 23 1 3 5 7 9 11 13 15 17 19 21 23

CRACharles River
22 Private and Confidential Associates



Case Study: Addition of storage can mitigate portfolio risk

20 Year Expected Cost vs. Standard Deviation

% cascc @ Portfolio Assumptions:
S
(O] .
! Solar + Capital Costs (pre-ITC):
i Peaker
g - Solar: $1,200/kW (2020)
% 4:1 Solar + Storage » Paired Storage: $800/kW
® sobar 2:1 Solar + Storage (2023)
* Gas Peaker: $1,150 (2023)
38 40 42 44 46 48 S0 52 « Gas CC: $1,050/kW (2023)

Expected Cost ($3/MWh)
Revenue Streams:

10 Year Expected Cost (90% Confidence Interval) © Dt Al erE e s

and sales from 100 power and
gas iterations in Aurora

'[ '|' * Ancillary Services:
— Paired Storage: $32/kW-yr
< T — Gas Peaker: $20/kW-yr
§ l — Gas CC: $5/kW-yr
+*
Solar 4:1 Solar + Storage  2:1 Solar + Storage

C Charles River
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Hourly Storage Behavior — Winter Day
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Hourly Storage Behavior — Summer Day

Solar Only
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Agenda

The Wholesale Market Value Stack

Key Question: What wholesale market revenues for storage are
Important for a utility to evaluate in a resource plan?

Storage for Risk Mitigation

Key Question: How can storage reduce market risk associated with
renewables, and how can this be demonstrated vs. other options?

Storage for Deep Decarbonization

Key Question: How does storage play in a deeply decarbonized
world?

CRA Charles River
26 Private and Confidential Associates



Case Study: Deep De-carbonization

Evaluation of multiple portfolio strategies for a small utility to achieve high
levels of power sector de-carbonization

Utility Portfolios Analyzed

 Utility Load Shape

* Access to market for
energy and capacity

« State and local regulatory
environment

» Feasible technology
options

27 Private and Confidential

P1: Solar + Storage

P2: Solar + Wind +
Storage

P3: Solar + Wind +
Storage + Power to
Hydrogen with Limited
Market Interaction

Solar Storage
Solar Storage Wind

Solar  Storage Wind H2
Peaker

C Charles River
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Solar + Storage Strategy

o Utility relies on market purchases during overnight hours

* Reliance on market exposes utility to market price risk and introduces
uncertainty with carbon intensity of energy purchased

July Day December Day

T T, e, e, =T ~
_____ = Load served
by imports

1 23 456 7 8 910111213141516171819 2021222324 1 23 456 7 8 91011121314151617 1819 2021222324

Storage Solar - -Load

C Charles River
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Wind + Solar + Storage Strategy

* Wind provides resource diversity and overnight and off-peak
charging for market storage resource

« EXxposure to market sales and purchases is still significant

July Day December Day
- " T e e e e = = - = - A T == - | T e ameam- - .
_____ - -
Storage charged
by wind

123 456 7 8 9101112131415161718192021222324 123 456 7 8 91011121314151617 1819 2021222324

Storage Solar mmWind - -Load

C Charles River
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Integrating Hydrogen with Renewables

* In a constrained transmission situation, a seasonal storage resource is needed
to balance energy needs across seasons

— Excess energy in summer months is used for “power to gas” conversion as hydrogen
production through electrolysis

» This portfolio introduces uncertainty with respect to electrolysis costs and
hydrogen infrastructure requirements

July Day December Day

1 2 3 45 6 7 8 9101112131415161718 192021222324 123456 7 8 9101112131415161718192021222324

H2 Production :
Storage H2 Peaker Output Solar mm\Wind Load

C Charles River
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100% Clean Energy Cost Implications

« Solar + Storage strategy is lowest cost, but carries highest market risk and
uncertainty with respect to pace of de-carbonization in the broader market

« Adding wind to the portfolio reduces market risk and trades-off opex for
capex

* |In a transmission or market-constrained environment, costs are
significantly higher with seasonal storage, but the strategy ensures self
reliance for energy and capacity

| RR
+ 240/0 Annua
+ 6% Annual RR 529%
85% 04% AL
5%
0,
2% 25%
8% 19%
Net Market
sales lower
overall Solar + Storage Solar + Storage + Wind Constrained Transmission
portfolio cost
(Renewables + H2)

mBook Depreciation ' Net market purchases = Capital Charge  Taxes ' Total Generation O&M

C Charles River
31 Private and Confidential Associates



Concluding Thoughts

32

Storage is likely to become an essential resource for utilities to
meet their objectives around cost, risk, and sustainability

To evaluate storage in a resource plan, utilities must understand
and have a point of view on the technology’s capabilities and the
market in which it will operate

Robust modeling that stochastically evaluates the storage value
streams and accounts for uncertainty in market rules, market
conditions, technology performance, etc. is critical

Utilities should consider developing an overall storage strategy
which will guide analysis and potential deployment

CRA( harles River
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QUESTIONS?

Jim McMahon Pat Augustine
[mcmahon@crai.com pauqustine@crai.com

C Charles River
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