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Energy Storage: The Handy Grid Tool

Image Credit: California Municipal Utilities Association, California Water And Power, Winter 2019

Tenaska




Bulk Storage

Distributed
Storage

@

Distributed
Storage

Commercial
Storage

']
"

Residential
Stora E BLECTRIC POWIER
EPE' I“I'--r-'-ll:-‘ll;M'-1II-I!|

Tenaska




Tenaska Overview

Tenaska




Tenaska Overview

Power
Generation

Energy
Marketing

Engineering & Construction Management
Technology Assessment & Evaluation

Natural Gas
Electric Power

Operations
BUSINESS UNITS Asset Management
e Tenaska Marketing Ventures * Environmental Services .
*Tenaska Marketing Canada * Finance
*Tenaska Gas Storage, LLC BUSINESS UNIT .
e Tenaska Gas de México = Engineering & Operations Group & Corporate SerVICGS
» Tenaska Power Services Co. Finance, Tax & Accounting

eTenaska Power Canada Legal
*Tenaska Power Management, LLC Government & Public Affairs
*Tenaska Energia de México Devel opment :-r;::::':_.altzi::o:t::::ology

& Acquisitions

Project Development
Acquisition & Divestiture
Asset Optimization

Capital Formation
Distributed Solar Investments

BUSINESS UNITS
s Strategic Development & Acquisitions Group

» Tenaska Capital Management, LLC
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Tenaska By The Numbers

Tenaska has grown over the past 30 years to be a versatile, yet
consistent, energy industry leader

These numbers highlight both our 2017 successes and the tenacious

® ® ®

Corporate Business Units

» Development & Acquisitions
+ Power Generation
* Finance & Corporate Services

Energy Marketing e
* Natural Gas 650 'II .o
» Electric Power

Plant Operations
$10.5 BILLION $1. 7 BILLION $3.7 BILLION 6,804 mw 13%
Gross Operating Total Balance Total Managed Total U.S. Natural
Revenues Sheet Equity Assets Plant Capacity =~ Gas Consumption
TO’ta| Em ployees / Sold Or Managed

Reference: Tenaska 2017 Annual Report

Tenaska




Power Development

10,000 mw

Developed

1,500 mw

Advanced
Development
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Energy Storage Systems
Explained
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Trivia Question:

Who is credited with the invention of the first battery and when?
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but | alse have
3 ﬁe_sa’twe side.

Trivia Question:

Who is credited with the invention of the first battery and when?

Alessandro Volta in 1800
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Energy storage technology classes

Electro-Chemical Mechanical Bulk Mechanical

Thermal Transportation Bulk Gravitational
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What is energy storage? Large-scale batteries for industrial applications.

Modular, scalable arrays of proven technologies integrated at utility and industrial scale.

Power Control Electronics

BATTERY
CELLS

BATTERY
PACKS

_ Fire detection and
extinguishing system

BATTERY
MODULES

Intelligence:
Array Controls &
Application Software

BATTERY
CABINET

Connection:
Electrical & Other

Battery cabinets and
Balance of Plant

battery management system =

=
2
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{fﬁ Largest energy storage project in North America
30 MW / 120 MWh

]

i

.+ Contract to online in 6 months
. Sited on 1 acre, where a power plant could not be permitted

e

Source: Fluence
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Flow Batteries
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Source: UniEnergy Technologies (UET)




Compressed Air Energy Storage

Compressed Air Energy Storage

! 3
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Thermal Storage
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Flywheel

Source: Amber Kinetics
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Pumped Hydro Storage

Upper Reservoir

Powerplant

“- Electricity flow
Chamber

L, ¥
h 3
Water flow when generating

Lower Reservoir
=P Water flow when pumping




Source: ARES North America website
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Other Gravity Based Storage

Source: Energy Vault website
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Key Drivers of Battery Energy
Storage System Costs
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Lithium-ion battery costs

Battery pack price (real 2018 $/kWh)

— 22%
1,160

|—21%
8%
'_ 1 .—11%
a50 r :35%
577
,—23%
"26”5 — 18%
288 1
I . 214 1?6

2010 2011 2012 2013 2014 2015 2016 2017 2018

Source: BloombergNEF Note: the data in this chart has been adjusted to be in real 2018 dollars.
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What are the key drivers of cost reduction?

» Electric Vehicle deployments
» Battery chemistries and technological advancements
» Battery form factor and design

» Economies of scale
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Lithium-ion battery pack price and demand

Lithium-ion battery pack price (real 2018 $/kWh)

1,400

1,200

A

1,000

800

600

400

200

0
2010

Source: BloombergNEF Note: The data in this chart has been adjusted to be in real 2018 dollars.

2024 implied
price
$94/kWh

2015 2020

Cummulative demand for lithium-ion batteries (GWh)
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Battery Demand by Sector

Annual GWh demand
2,000

1,800
1,600

1,400

1200 ® Consumer
’ electronics
1,000

800 m E-buses
600 5

m Passenger
400 I I EVs
200 I I

2014 2016 2018 2020 2022 2024 2026 2028 2030

Stationary
storage

Source: BloombergNEF, Avicenne. Note: consumer electronics demand is sourced from
Avicenne, assumes all stationary storage in lithium-ion based

Tenaska




Manufacturing Capacity is Growing

Figure 1: Global lithium-ion battery manufacturing capacity

GWh/year
400

350 = Rest of World

300 14
= Japan
250
200 ml.S.
130
100 14 m Korea
30
0
2018 2021

Source: Bloomberg New Energy Finance. Note: 2021 values based on current and announced
capacily additions. Excludes consumer electronics baltenes
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Manufacturing Capacity is Growing

Figure 1: Global lithium-ion battery manufacturing capacity

GWh/year
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Source: Bloomberg New Energy Finance. Note: 2021 values based on current and announced
capacily additions. Excludes consumer electronics baltenes
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Large scale battery system forecast ($/kWh)

Pack
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Energy Storage Use Cases
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What does energy storage do?

BATTERIES CAN PROVIDE
UP TO 13 SERVICES TO THREE
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Energy Storage Value Streams

RESILIENCY

Value Drivers

* Wholesale market rule
changes:
FIRMING | RAMP * Spolar system and price
Sl impact —duck curve;
FREQUENCY FREQUENCY * Electric utilities and PUCs
REGULATION REGULATION
action:
ENERGY PRICE ENERGY PRICE _
ARBITRAGE ARBITRAGE * Ownershi p structures

Current value stack Potential value Streams

Source: Wood MacKenzie Power & Renewables
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Renewable Integration — CA Duck Curve
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California Renewables Growth

35,000
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30,000
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* Solar
solar 26% 5 901
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Source: CA Energy Commission, Tracking Progress, Renewable Energy, Dec 2018 TENAs’m®




Other reasons we need energy storage

» The grid is loosing inertia

— Loss of baseload generation = less available spinning mass
and reactive power

— California examples
— Need for dynamic reactive support devices is growing
— Energy storage is a potential mitigation

» Renewable smoothing, shaping, and time shifting
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Market Outlook
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Growth path to 12 GWh/year by 2023

U.S. energy storage annual deployment forecast, 2012-2023E (MWh)
14,000

12.000 11,746
10,000

8,000
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Energy storage deployments by
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Source: Wood MacKenzie Power & Renewables
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D
U.S. Energy Storage Targets

GW Target year

Aizona SEaEEEEEEEEE L 2030
&%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%ﬂ%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%@

New Jersey 2.0 _ 2030

600MW in 2021

T 2024

California 1.3GW plus 500MW

2025

Massachusetts = Approved  5qoMWh by Jan 2020

New York # Additional (not 2025

approved)

Source: Bloomberg New Energy Finance. Note: Oregon SMWh target on the two large utilities in
the state was not included because it is too small to display.
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e
Gas peakers at risk

6.4 GW or 32% of new peaker capacity at risk from 4-hour storage by 2027

In aggressive case, 82% of new peaker capacity at risk from 8-hour storage by 2026

8,000
£ 7,000 Base Case: 6.4 GW, 32% of
o New Capacity at Risk by 2027
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0 = 3,000
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g 1000 342 247 384
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Source: Wood MacKenzie Power & Renewables
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Solar+Storage

NV Energy and Xcel Colorado winning bids

40
S $36.0

]
-
$29.5 Xcel

=
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5 g SRR el g o
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5§ %20 NV Energy 31_8' !
® $15 Solar & Solar-
-% plus-storage Xcel
E; $10 Wind

$5

$0

® \Winning range ($/MWh) = Median price ($/MWh)

Source: Wood Mackenzie Power & Renewables, NV Energy, Xcel Colorado
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FERC Order 841

Topic / RTO/ISO CAISO* I50-NE MISO* NYISO PIM*

B 1. Participation Mode

2. Qualification Criteria

. Extsting Market Kules
Eligibility to Provide .;Il Services

=

2. Ability ta De-Rate Capacity

[ 1. Participate as a Seller and Buyer

2. Prevent Conflicting Despatch

3. Make Whole Pavmentis

F. 50C Managemeant

&. Minimum Size ._

H. 1. Price for Charging Energy

2. Metering & Accounting

Source: Energy Storage Association Website
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Some Recent Energy Storage Announcements

» APS Peaking Resource RFP

— Originally only planned for 100 MW of storage
— 850 MW of energy storage now planned by the mid-2020s

» PG&E Local Capacity Solicitation
— Selected total 567 MW / 2270 MWh energy storage
— Largest announced project at 300 MW / 1200 MWh
— Selected over existing gas-fired generation capacity

» SCE Aliso Canyon Fast Track Procurements

— Over 100 MW of energy storage projects completed in less than
one year
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Tim Hemig contact info:

» Email: themig@tenaska.com
» Phone: 760-535-3259
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