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Storage provides economic value with various applications
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Transmission 
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deferral
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Power 
quality
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Demand charge reduction
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Self consumption

Time-of-use bill mgmt.

Voltage 
support
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Ramping reserve

Seasonal storage

Backup power

Generation Network Consumption

Renewables 
arbitrage

Business PrivateDispatchable TransmissionVariable Distribution

Arbitrage

Increased 
utilisation

Power 
reliability

Power 
quality

Front-of-the-meter. Behind-the-meter.

Inertia services Indirect

Direct

Unrelated

Relation to variable renewables:



Storage provides economic value with various applications
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Lifetime cost quantify the cost to provide these values
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LCOS
US$

MWh  = 
Investment + O&M + Charging + End of life
Energy capacity ⋅ Cycles per year ⋅ Lifetime

Lifetime cost analysis: 



Pumped hydro provides peak capacity at ~180 USD/MWh
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Peak capacity: 300 cycles per year x 4 hours per cycle

Specifications
• 100 MW / 400 MWh
• 300 USD/kWhcap 
• 80% efficiency
• 50 years lifetime
• 8% discount rate

Graph from www.EnergyStorage.ninja 
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~180 USD/MWh

http://www.energystorage.ninja/


The cost to provide energy reduces with duration and cycles
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14.6h x 300 = 
4380h per year

0.25h x 10 = 
2.5h per year

Larger energy 
capacity 
increases 
discharged 
energy 
directly, but 
total cost only 
partially

More cycles maximizes discharged 
energy per unit installed capacity



The cost to provide power increases with duration and cycles
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Larger energy 
capacity adds 
no direct value 
to power 
provision, but 
increases cost

More cycles adds no direct 
value to power provision, 
but shortens lifetime



Power quality services are relatively shallow
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Frequency regulation (PRL)

Lithium-ion BESS
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Arbitrage services are not yet profitable
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Revenue: 100 USD/MWh

Day-ahead

Graph from www.EnergyStorage.ninja 

LCOS: 140 USD/MWh
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Specifications

• 10 MW/40 MWh

• 350 USD/kWhcap

• 15 years

• 550 cycles p.a.

• 86% efficiency

• 8% discount rate

http://www.energystorage.ninja/


Therefore, multiple revenue streams must be combined
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App 1
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Option 1: Sequential stacking
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Example

Enhanced Frequency 
Regulation (EFR)

TRIADs 
(Demand reduction)

Charge

App 1 App 2

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

Dynamic containment

Balancing mechanism

Period 1 Period 2 Period 3 Period 4

App 2

App 1 App 1



Option 3: Parallel stacking
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Dynamic regulation 

Wholesale market
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Option 4: Overlapped stacking
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Period 1 Period 2 Period 3 Period 4

App 1
&

App 2

Charge

Example

Capacity market

Firm frequency 
response (FFR)



All insights and tools available in my book and website
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More insights (and data and methodology)

User-friendly tools for custom analyses
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