
www.eprg.group.cam.ac.uk

Michael Pollitt

Judge Business School
University of Cambridge

The International Conference
on the Frontier of Advanced Batteries, CIBF2016

and
The 6th China International Energy Storage Conference

Shenzhen
25 May 2016

What are the prospects for 
electrical energy storage (EES)?

Lessons from Europe and California
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• With thanks to my student Francisco Ruz.

• EPSRC BEPP-Store Project

• A business model approach to electrical energy storage

• Market and regulatory design issues

• Capturing the value of electrical energy storage

• Examples from the UK and California
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Business Models
(see Teece, 2010)

Business models are about:
Value Proposition –
what services being sold and to whom?
Value Creation –
how will the service be created and provided?
Value Capture –
how will the value be monetised?

Business models are not just about pricing strategy…
Business models must add up in terms of risk-return payoff…

Often they don’t in smart energy…
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A value proposition for storage? 
Impact of flexibility on the generation mix GB 2030

Source: Strbac et al., 2016, p.18.
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Optimal Storage on GB system

Source: Strbac et al., 2016, p.23.
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Economic challenge in energy storage
• Fossil fuel allows easy, flexible storage. It has 

high energy density and low decay, with 
relatively low capital costs per kWh stored.

• No-one demands storage as a final 
consumption good. What consumers want is 
continuity of supply quantity and quality. This 
they will pay a premium for.

• All economic processes seek to minimise
storage and seek just in time matching of 
supply and demand.
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Barriers to a viable business model

• High fixed up front costs for storage versus 
multiple volatile revenue streams.
– Volatility of returns to storage mean high cost of 

capital to compensate investors for increased risk.
• Stand alone storage businesses will face higher 

costs and lower ability to capture value than 
incumbents (generators, network companies 
and customers).

• Market design and regulation will determine the 
ability to monetise storage services.
– We set these to support technologies we favour.
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Market design issues
• Generators and retailers sell and buy defined 

products under license in electricity markets.
• Storage products need to be defined in order to 

allow them to be monetised. In general small 
facilities often excluded from directly trading in 
electricity markets.

• Historically, the system operator has directly 
procured response and reserve capacity from 
existing generators as by products, rather than 
used organised markets that would allow 
storage to compete.
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Regulatory barriers
• These include definition of storage – is it 

generation or retail or something else?
• Regulated incumbent network companies 

may be able to include storage in their asset 
base, reducing the scope for non-regulated 
storage.

• Unbundling rules may mean that if network 
companies own storage they cannot dispatch 
it and must work through a third party.
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Some basic economics of energy storage

• High frequency of use storage is more profitable than 
seasonal storage, given high capital costs.

• Storage which relies on multiple sources of value faces 
higher transaction costs.

• More storage reduces the value of each additional unit of 
storage, meaning that if non-integrated storage is likely to 
be less than globally optimal.

• The value of storage will depend on what else is on the 
energy system in terms of storage, demand and 
generation.

• If storage is not about energy then residual fossil fuel 
systems will compete strongly with advanced forms of 
storage, in a so called sailing ship effect.
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Sources of value creation
for electrical energy storage (EES)
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Sources of Value Creation for 
generic battery storage

$

Source:  EPRI (2013, 2-2).
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Can value be captured?

$

Source:  EPRI (2013, 2-2)
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Value capture in the UK

£ per MWh
installed 
per year

Source: SBC (2013, 83). 
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It’s complicated: Business Model (an example): 
Smarter Network Storage by UK Power Networks 

6MW / 10MWh of lithium-ion storage
Fig. 2: SNS Business Model – DNO Contracted

DNO

DNO (UK Power Networks)

Ownership

· In charge of the 
development, 
construction and 
finance 

Operations & Dispatch

· Full operational control 
and override

· Dispatch for ancillary 
services on instruction 
from Kiwi Power 
(National Grid)

OPERATION:

Smartest Energy

SERVICE AGGREGATOR:

Kiwi Power

SERVICES
 (NATIONAL GRID) and/

or new additional 
services

WHOLESALE ENERGY 
MARKET

ES & tolling agreement:

Aggregator service arrangement:

· Wholesale market 
access and provision of 
market prices

· Forward market pricing 
interface

· Tolling
· Network constraint 

override
· Triad benefit
· Connection agreement

· Short term operating 
reserve 

· Static and dynamic firm 
frequency response

· Frequency control by 
demand management

· Future services

DNO Network Services
· Peak shaving
· Reactive power 

support
· Voltage support

Third Party 

Services/value 
streams

Source: UKPN (2014a). Own elaboration.
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contract
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Electricity product markets need redesigned…

National Grid will be contracting
a new service launched in April 2016 – Enhanced Frequency Response (EFR)
– a product to provide frequency response within 1 second. 
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Plans for storage in California

Proposed energy storage procurement targets (MW) (Source: CPUC, 2013, p.15)
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Driver of demand for storage in California…

Source: CAISO

More extreme ramping, no reduction in system peak…
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Conclusions on business model
barriers to more EES

• The prospects do look different in different jurisdictions.
• Inadequate definition and classification of EES which results 

in EES treated as generation asset. This, together with the 
unbundling requirements, prevents EES from providing multiple 
services across the different levels of the power system. 

• Lack of markets for some of the services that EES can provide 
such as black start and voltage control.

• Inadequate market design that does not reflect all the value 
that the asset provide to the system. EES can perform better 
than traditional flexibility providers but both are paid the same 
under the current market conditions.

• The need for EES – i.e. the fundamental economics - to 
deal with flexibility issues is not clear in some jurisdictions.



www.eprg.group.cam.ac.uk

20

References
• Anaya, K. and Pollitt, M. (2016), Business Models for Electrical Energy Storage, paper for IPEMC 2016 

conference, China.
• CPUC (2013). Decision 13-10-040: Decision Adopting Energy Storage Procurement Framework and Design 

Program, Available: http://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M079/K533/79533378.PDF.
• EPRI, 2013. Cost-Effectiveness of Energy Storage in California, 

Available:http://www.cpuc.ca.gov/NR/rdonlyres/1110403D-85B2-4FDB-B927-
5F2EE9507FCA/0/Storage_CostEffectivenessReport_EPRI.pdf .

• Gassmann, O., Frankenberger, K. , Csik, M. (2014), The St Gallen Business Model Navigator, Working Paper 
University of St Gallen.

• Pollitt, M. and Anaya, K., ‘Can current electricity markets cope with high shares of renewables?
A comparison of approaches in Germany, the UK and the State of New York’, The Energy Journal, 2016, 
Volume 37, Bollino-Madlener Special Issue, doi://10.5547/01956574.37.SI2.

• Ruz, F.C. and Pollitt, M. (2016), Overcoming barriers to electrical energy storage: Comparing California and 

Europe, EPRG Working Paper No.1614.
• SBC Energy Institute, 2013. Electricity Storage. 

Available:https://www.sbc.slb.com/SBCInstitute/Publications/~/media/Files/SBC%20Energy%20Institute/SBC
%20Energy%20Institute_Electricity_Storage%20Factbook_vf1.pdf .

• Strbac, G., Konstantelos, I., Pollitt, M. and Green, R. (2016), Delivering a Future Proof Energy Infrastructure, 
Report for the National Infrastructure Commission, Imperial College London and University of Cambridge 
Energy Policy Research Group, February

• Teece, D. (2010), ‘Business Models, Business Strategy and Innovation’, Long Range Planning, Volume 43, 
Issues 2–3, April–June 2010, Pages 172–194.


