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Energy Storage

A Toolkit to Assess Future Cost and Value
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Storage provides economic value with various applications

Location in power system
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Storage provides economic value with various applications
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Lifetime cost quantify the cost to provide these values

Lifetime cost analysis:

- US$ | Investment + O&M + Charging + End of life

HCO5 MWh i Energy capacity - Cycles per year - Lifetime




Pumped hydro provides peak capacity at ~180 USD/MWh

Peak capacity: 300 cycles per year x 4 hours per cycle

LCOS in USD/MWh
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~180 USD/MWh

i Charging

Oo&M

- Investment

Specifications

« 100 MW /400 MWh
300 USD/kWh,,,

« 80% efficiency

* 50 years lifetime

« 8% discount rate

Graph from www.EnerqyStorage.ninja
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http://www.energystorage.ninja/

The cost to provide energy reduces with duration and cycles
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The cost to provide power increases with duration and cycles
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Power quality services are relatively shallow

Weighted price [EUR/kW-year]
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Cumulative battery storage capacity [MW]
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Arbitrage services are not yet profitable

State of Charge (MWh)
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Graph from www.EnerqyStorage.ninja
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8% discount rate
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Therefore, multiple revenue streams must be combined
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without stacking with stacking



Option 1: Sequential stacking

Period 1 Period 2 Period 3 Period 4 Example :\; z
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Option 2: Sequential stacking in opposite directions

Period 1 Period 2 Period 3 Period 4 Example :\; z
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- Balancing mechanism
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Option 3: Parallel stacking

Active power in MW (bars)
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Example Z==i=s

- Dynamic regulation

- Wholesale market
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Option 4: Overlapped stacking
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Example Z==i=s

Capacity market

Firm frequency
response (FFR)
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All insights and tools available in my book and website

OXFORD

MONETIZING
ENERGY
STORAGE

a toolkit to assess future cost and value
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== _|\lore insights (and data and methodology)

User-friendly tools for custom analyses

% Energy Storage Ninja x

QD OOOOQOQ

| Home

About

Value Analysis
Project Economics
Arbitrage
System Need

System Value

Cost Analysis
Lifetime Cost
Competitiveness
Landscape

Investment Cost

Value Analysis Models

Cumulathvs casrton
DIECOTIED CUmuisTve casrion

il cashille

E]

[

1 O T

oject Economics

Cost Analysis Models

o
H Ga
Boest sera
800 8 * Fun
Charging H
gm Discharging E &
E 2
§ 400 z
2 % v
& 200 4
= | H
bshtntotpastod i, A
0 g
04-dan #hdan 18-Jan 25-Jan

Arbitrage

®

I 030531 e
|
£ = |

H I
£

Competitive Landscape

Tech'Competitiveness

o =0

Investment Cost =~

15



	Default Section
	Slide 1

	Type of value
	Slide 2: Storage provides economic value with various applications
	Slide 3: Storage provides economic value with various applications

	Cost of storage
	Slide 4: Lifetime cost quantify the cost to provide these values
	Slide 5: Pumped hydro provides peak capacity at ~180 USD/MWh
	Slide 6: The cost to provide energy reduces with duration and cycles
	Slide 7: The cost to provide power increases with duration and cycles

	How to make money
	Slide 8: Power quality services are relatively shallow
	Slide 9: Arbitrage services are not yet profitable
	Slide 10: Therefore, multiple revenue streams must be combined
	Slide 11: Option 1: Sequential stacking
	Slide 12: Option 2: Sequential stacking in opposite directions
	Slide 13: Option 3: Parallel stacking
	Slide 14: Option 4: Overlapped stacking

	Book & Co
	Slide 15: All insights and tools available in my book and website


