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DISCLAIMER 
Neither WPD, nor any person acting on its behalf, makes any warranty, express or implied, with respect to the use of any 
information, method or process disclosed in this document or that such use may not infringe the rights of any third party 
or assumes any liabilities with respect to the use of, or for damage resulting in any way from the use of, any information, 
apparatus, method or process disclosed in the document. 
 
© Western Power Distribution 2019 
No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means 
electronic, mechanical, photocopying, recording or otherwise, without the written permission of the Future Networks 
Manager, Western Power Distribution, Herald Way, Pegasus Business Park, Castle Donington. DE74 2TU. Telephone +44 (0) 
800 096 3080. E-mail WPDInnovation@westernpower.co.uk 

 

 

Glossary 
Term Definition 

AAHEDC  Assistance for Areas with High Electricity distribution costs  

ANM Active Network Management 

BMS Battery Management System 

BRE / NSC Building Research Establishment / National Solar Centre 

BSR British Solar Renewables Limited 

BSUoS  Balancing Use of System 

BYD 
Battery manufacturing company that supplied the solar storage 
battery. 

CCGT Combine Cycle Gas Turbines 

CCL Climate Change Levy 

CfD Contracts for Difference 

CM Capacity Market 

CMZ Constraint Management Zone 

Co-Located 
Within this report, co-located storage refers to energy storage that 
has been installed behind the meter of a solar park or other 
distributed generator. 

DG Distributed Generation 

DNO Distribution Network Operator 

DUoS Distributed Use of System 

DSO Distribution System Operator 

DSR Demand Side Response 

EFR Enhanced Frequency Response 

mailto:WPDInnovation@westernpower.co.uk
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EMS Energy Management System 

FiT Feed in Tariff 

FFR Fast Frequency Response 

GB Great Britain 

GSP Grid Supply Point 

HMI Human Machine Interface 

HV High Voltage 

LCNI Low Carbon Networks and Innovation 

LCF Levy Control Framework 

LV Low Voltage 

NIA Network Innovation Allowance 

PEA Project Eligibility Assessment 

PCS Power Conversion System 

PoC Point of Connection 

PQM Power Quality Meter 

PV Photovoltaic 

RCRC Residual Cashflow Reallocation Cashflow 

RES 
Renewables company that managed the battery installation and 
developers of the RESolve control software. 

ROC Renewable Obligation Certificate 

SOC State of Charge 

STOR Short Term Operating Reserve 

TNUoS Transmission Network Use of System 

WPD Western Power Distribution 
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 Executive Summary 1.

Solar Storage waǎ ŦǳƴŘŜŘ ǘƘǊƻǳƎƘ hŦƎŜƳΩǎ bŜǘǿƻǊƪ LƴƴƻǾŀǘƛƻƴ !ƭƭƻǿŀƴŎŜ (NIA), registered 
in April 2015 and completed operating in May 2018. The project consisted of installing a 
ōŀǘǘŜǊȅ ΨōŜƘƛƴŘ ǘƘŜ ƳŜǘŜǊΩ ƻŦ ŀƴ ŜȄƛǎǘƛƴƎ ǎƻƭŀǊ ǇŀǊƪΣ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǳǎŜ-cases 
and benefits of co-locating storage in this way.  

The aims of the project were to: 

1) Quantify the potential value to network operators and others of integrating storage with 
solar generation by demonstrating a set of use cases.  

2) Use real-world operation of an integrated utility scale storage / generation system to 
provide data to regulators and potential investors. 

3) Demonstrate safe, reliable operation of the system under operational conditions. 

The battery chemistry was lithium iron phosphate, which is less energy dense than lithium-
ion batteries but has the advantage of having greater thermal stability and is at lower risk of 
overheating. The battery began operation in October 2016 and operated via pre-
programmed schedules.  Despite a number of technical challenges that delayed the testing 
schedule, the schedule of tests was completed and during the project several improvements 
were made to the control software enabling more realistic testing of the use cases. By the 
end of the project the battery capacity fade was 7.4% however, round trip efficiency had not 
diminished due to better air-conditioning units being installed.  At the end of the project, 
learning was extended by selling and relocating the battery, which was not known to have 
occurred previously in the UK.  

The analysis showed that while the battery was technically capable of performing the use 
cases, the battery size limited the degree of impact in some cases, such as for managing 
network voltage either using real or reactive power.  The arbitrage use case offered limited 
returns due to the siteΩǎ ǇƻǿŜǊ ǇǳǊŎƘŀǎŜ ŀƎǊŜŜƳŜƴǘ ƘŀǾƛƴƎ ŀ ǊŜƭŀǘƛǾŜƭȅ Ŧƭŀǘ ǇǊƻŦƛƭŜ ǿƘƛŎƘ 
does not reflect the real differential between peak and off-peak prices. This is due to the 
value investors place on predictability when purchasing a renewable generation asset, over 
and above the potential upside from higher but variable prices. This is also true of banks 
that lend higher percentages or at better rates against predictable stable quarterly income 
levels. When co-locating projects in the future, there will be a balancing act of allowing the 
energy storage asset access to the volatile market while retaining the predictability of the 
ǎƻƭŀǊ ǇŀǊƪΩǎ ǊŜǾŜƴǳŜǎΦ Arbitrage is expected to play a more significant role in the future 
business case of storage as incomes from frequency response decline due to a saturated 
market.  
The arbitrage use case could be combined with network peak lopping for sites which have 
peak load at the same time as peak prices. The solar output peak lopping use case could also 
potentially also be combined as the charging and discharging periods are complementary.  
wŜŀŎǘƛǾŜ ǇƻǿŜǊ ǎŜǊǾƛŎŜǎ ŎƻǳƭŘ ŀƭǎƻ ōƻƻǎǘ ƛƴŎƻƳŜǎ ǿƘƛƭŜ ǎŀŎǊƛŦƛŎƛƴƎ ƭƛǘǘƭŜ ƻŦ ǘƘŜ ōŀǘǘŜǊȅΩǎ ǊŜŀƭ 
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power capacity, though impact would be limited for a small capacity battery.  Services to 
third parties with constrained connection agreements could well be cost effective but are so 
location specific as to have little impact on the progress of battery development.  

During the course of the project, significant changes have occurred to the price of frequency 
services but also the rationalisation of National Grid services has opened up the market such 
that flexibility providers can switch between services more easily, but conversely it is harder 
to make the business case for investing in storage.  This is likely to limit the future 
geographic spread of storage to service Distribution Network Operator (DNO) requirements 
with existing storage located at sites where DNO services are not required. The market is 
continuing to change, with grid charging now also under review which reduces investor 
certainty still further. 

New flexibility options are being offered and trailed by various DNOs as the transition to 
DSOs gathers pace, but often these are often too flexible in their contract terms and options 
to drive investment. These services offer existing asset owners and operators the option to 
bid in and out of the market easily while offering a good premium over the existing 
operating regime. However without more predictable revenues, such as those from more 
rigid contracts, the energy industry is unable to encourage investment and the pace of 
energy storage development could stall. The key to an investable energy storage project is 
having a justifiable and robust business case, which realistically involves having a dominant 
(and preferably proven) use case, with additionality provided by DSO services. Without the 
main business case, and with flexible markets unwilling to offer long term contracts that 
ŎƻǳƭŘ ōŜŎƻƳŜ ōŀƴƪŀōƭŜ ŀƴŘ ƛƴǾŜǎǘŀōƭŜΣ ǘƘŜƴ ǎǘƻǊŀƎŜ ǘƘŀǘ ƛǎƴΩǘ ǊŜƭƛŀƴǘ ƻƴ bŀǘƛƻƴŀƭ DǊƛŘ 
contracts is likely to continue to be uncommon.    

Connecting a battery to a solar park behind-the-meter, while potentially saving costs 
assuming they share export capacity, currently prevents the storage from accessing several 
lucrative and reliable revenue streams such as arbitrage and grid services. However, with 
increasing wholesale price variability coupled with future increased amount of solar parks 
connected to the grid, the midday price drop versus the evening price peak could make 
solar peak lopping economically viable. With this future potential in mind, as well as 
opportunities for more complex arrangements that could benefit both assets, any 
regulatory barriers preventing the future roll out of this should be solved now.  

Connecting batteries in front of the meter (or behind the meter but using sub metering to 
separate them) on solar parks could be helpful, with unused land within solar fields able to 
be used and taking advantage of the infrastructure already installed. Batteries in these rural 
areas can provide grid support to the potentially weaker network. 

New build solar and storage systems that are metered separately but share grid assets 
should be supported by the DNO, as this can reduce the grid costs significantly. This can 
bring forward projects that would otherwise not reach their investment targets and would 
fail to get built.  

The new DNO commitment to flexibility shows an increasing awareness of the need to find 
alternatives to traditional expensive reinforcement, and the battery project has been able to 
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prove the reliability of the battery in a variety of roles, and shown that the industry is in a 
good place to meet the demands of a flexible smart grid.  

DNOs should continue to improve signposting of the required locations for future flexibility 
services, but it may be that battery development will be very limited if it relies on DNOs to 
provide contracts sufficient to justify investment.  
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 Project Background 2.

2.1 Overview 
 

This project was initiated at a time when battery storage costs were steadily reducing at the 
same time as the use of flexibility services by DNOs was predicted to increase significantly as 
they transitioned to Distribution System Operators (DSOs).  The scenario of a battery 
associated with a solar park was chosen because of the wide range of potential services, 
listed as the nine use cases below in Table 1, where a battery can provide benefits to 
different parties.  These are described more fully in Section 9, Use Cases.  

 

Table 1: Use Cases 

The project does not include the provision of services to National Grid, such as; 

¶ Enhanced Frequency Response (EFR);  

¶ Firm Frequency Response (FFR); and 

Usage Case Beneficiary 

мύ !ǊōƛǘǊŀƎŜ - {Ŝƭƭ ŜƭŜŎǘǊƛŎƛǘȅ ŦƻǊ ŀ ƘƛƎƘŜǊ ǇǊƛŎŜ ǇŜǊ ƪ²ƘΦ .ŀǘǘŜǊȅ hǿƴŜǊ 

нύ tŜŀƪ ŘŜƳŀƴŘ ƭƛƳƛǘƛƴƎ ŀǘ ǘƘŜ ƭƻŎŀƭ ǇǊƛƳŀǊȅΦ 5bh 

оύ [ƻŎŀƭ ŘŜƳŀƴŘ ǇǊƻŦƛƭŜ ƳŀǘŎƘƛƴƎ ŜΦƎΦ ŀǎ ŀ ǎŜǊǾƛŎŜ ǘƻ ŀ ŎǳǎǘƻƳŜǊ ǿƛǘƘ 
ŀ ǎƻŦǘ ƛƴǘŜǊ-ǘǊƛǇ ŎƻƴƴŜŎǘƛƻƴ ǿƘƻ ǿƻǳƭŘ ƻǘƘŜǊǿƛǎŜ ōŜ ŎƻƴǎǘǊŀƛƴŜŘΦ  

5bh κ ƭƻŀŘ 
ŎǳǎǘƻƳŜǊ 

пύ [ƻǿ ŘŜƳŀƴŘ ƎǊƛŘ ǾƻƭǘŀƎŜ ǎǳǇǇƻǊǘ - wŀƛǎŜ ƳƛƴƛƳǳƳ ŘŜƳŀƴŘ ǘƻ 
ƭƛƳƛǘ ǾƻƭǘŀƎŜ ǊƛǎŜΦ 

5bh 

рύ ±ƻƭǘŀƎŜ ŎƻƴǘǊƻƭ ōȅ ǊŜŀŎǘƛǾŜ ǇƻǿŜǊΦ  5bh 

сύ t± 9ȄǇƻǊǘ ƭƛƳƛǘƛƴƎ - tŜŀƪ ƭƻǇ ƎŜƴŜǊŀǘƛƻƴ ǘƻ ŜƴŀōƭŜ ǎƻƭŀǊ ǇŀǊƪǎ ǿƛǘƘ 
ŀƴ ƛƴǎǘŀƭƭŜŘ ŎŀǇŀŎƛǘȅ ƻǾŜǊ ǘƘŀǘ ƻŦ ǘƘŜ ŎƻƴƴŜŎǘƛƻƴ ŀƎǊŜŜƳŜƴǘΦ 

{ƻƭŀǊ tŀǊƪ hǿƴŜǊ 

тύ ±ŀǊƛŀōƭŜ t± ŜȄǇƻǊǘ ƭƛƳƛǘƛƴƎ - /ƘŀƴƎŜ ǇŜŀƪ ƭƻǇǇƛƴƎ ƭŜǾŜƭ όƎƭŀǎǎ 
ŎŜƛƭƛƴƎύΦ 

5bh 

уύ t± ǇƻǿŜǊ ǉǳŀƭƛǘȅ ƛƳǇǊƻǾŜƳŜƴǘ - {ƳƻƻǘƘƛƴƎ κ tƻǿŜǊ vǳŀƭƛǘȅΣ 
wŀƳǇ wŀǘŜ /ƻƴǘǊƻƭ 

5bh κ {ƻƭŀǊ tŀǊƪ 
hǿƴŜǊ 

фύ aǳƭǘƛǇƭŜ ǎǘƻǊŀƎŜ ǎȅǎǘŜƳ ŎƻƴǘǊƻƭ - 
όbƻǘ ǘǊƛŀƭƭŜŘΣ ƛƴŎƭǳŘŜŘ ŦƻǊ ŘƛǎŎǳǎǎƛƻƴ ƻƴƭȅύΦ 

aǳƭǘƛǇƭŜ ǇŀǊǘƛŜǎ 
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¶ Short Term Operating Reserve (STOR). 

While these services are currently major drivers of storage connections, it was considered 
that to trial these services would cause duplication of the Smarter Network Storage project1 
carried out by UK Power Networks.  
 
As well as evaluating the efficiency and efficacy of the battery at delivering the use cases, 
the project also estimated the financial benefits and considered how these use cases 
reflected the potential for layering revenue streams.    

To support the understanding of issues around battery sizing, investment and impact, the 
project also included some complementary elements which were; 

¶ techno-economic modelling, provided by SRI Technologies;  

¶ regulatory framework assessment, provided by Utilities Insight; and 

¶ power quality monitoring, provided by Argand Solutions 

2.2 Location 
The solar park, where the battery was installed, is electrically connected to a clean 11kV 
feeder supplied by the Millfield primary substation. This has been altered to introduce an 
additional ring main unit to provide isolation between the battery and the solar park.  

 

 

                                                      
1
 https://www.ukpowernetworks.co.uk/internet/en/news-and-press/press-releases/Trailblazing-storage-

project-leads-the-way-to-low-carbon-future.html 

Figure 1: Electrical connection to Copley Wood battery 

https://www.ukpowernetworks.co.uk/internet/en/news-and-press/press-releases/Trailblazing-storage-project-leads-the-way-to-low-carbon-future.html
https://www.ukpowernetworks.co.uk/internet/en/news-and-press/press-releases/Trailblazing-storage-project-leads-the-way-to-low-carbon-future.html
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The battery was metered separately and connected via a low voltage (LV) isolating 
transformer.  

¢ƘŜ ƻǇŜǊŀǘƻǊΩǎ ŎƻƴǘǊƻƭ όIaLύ ǿŀǎ ŀ ǎȅǎǘŜƳ ŎŀƭƭŜŘ w9{ƻƭǾŜΣ ǇǊƻǾƛŘŜŘ ōȅ w9{Φ ¢Ƙƛǎ ǳƳōǊŜƭƭŀ 
term covers a diverse array of control modes and a SCADA data storage system that was 
also managed by RESolve. The key components discussed within this report are the state of 
charge (SoC) manager, the use cases/modes and the underlying SCADA data storage system.  

2.3 Timeline 
The project was registered in April 2015 and originally expected to run until April 2018.  
The battery was commissioned on site in October 2016. While the testing was completed in 
April 2018, the project was extended further to allow for a process to sell and relocate the 
battery as required.  

 

2.4 Learning objectives 
 

The project objectives were to; 

Figure 2: Battery site schematic 
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¶ quantify the potential value to network operators and others of integrating storage 
with distributed generation (DG);   

¶ use real-world operation of an integrated utility scale storage/ generation system to 
provide data to regulators and potential investors; and 

¶ demonstrate safe, reliable operation of the system under operational conditions.   

 

The learning objectives that followed on from these were: 

¶ How well can the battery perform each use case and what is the impact on the 
network? 

¶ Are there any seasonal variations in the battery performance and costs? 

¶ What is the financial benefit of each use case? 

¶ Which use cases can be combined effectively and what are the combined financial 
benefits? 

¶ What are the practical issues that investors and battery operators need to consider? 

¶ Are there barriers inherent within the regulatory arrangements that would prevent 
the investment in co-locating batteries with storage? 

¶ How do the economic factors affect the battery sizing? 
 

2.5 Battery specification 
  
The factors affecting battery sizing were potential impact and cost. Anything smaller than 
300kW would not make a measurable difference to voltage levels on an 11kV network.  A 
prototype on this scale was considered desirable to give industry stakeholders sufficient 
confidence for a larger roll out to be possible.  The battery capacity (731kWh at 0-100%) was 
such that it could run at full power for two hours as this is more likely to represent the type 
of usage by DNOs for peak lopping applications.  
 
No particular battery chemistry was specified as a requirement of the procurement process. 
The battery chemistry of the successful bid was lithium iron phosphate. 
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 Project Phases 3.

The project can be divided into the following phases: 

¶ Design and procurement. 

¶ Construction. 

¶ Testing. 

¶ Data analysis. 

¶ Decommissioning / transfer. 

The following sections describe the activities and learning from each of these phases, with 
the exception of the learning from analysing the use cases themselves which is provided 
separately in sections 10 to 17 of this report.  

 Design & Procurement  4.

4.1 Design & procurement phase activities 
 

British Solar Renewables Limited (BSR), who were at the time owner operators of the solar 
park at Higher Hill Farm and had an interest in investigating options for storage, were 
already confirmed as project partners at the time of project initiation.  The battery was 
procured via a competitive tender process to ensure value for money for customers. There 
were four submissions for the tender, and after evaluation RES was the successful bidder. 

The process of obtaining planning was relatively onerous and non-material amendments to 
the planning permission were required when the fenced area was altered due to site 
conditions.  The total area of the enclosure was reduced to allow for improved access across 
the BSR site without compromising vehicle access to the battery itself.  

The design sign-off was a two-stage process that covered the battery itself followed by the 
balance of plant.  

 
Examples of the drawings from the design process are given below in Figure 3: Example 
Design Drawings.  It can be seen that the container was divided into two compartments for 
safety reasons, such that the battery operator was separated from the battery itself and the 
fire suppression system.   The drawings also show that only part of the usable space within 
the battery compartment was used and that it would have be possible to approximately 
double the battery capacity if desired. The capacity of the project only required a standard 
20ft container, but a 40ft container was available with significantly less lead time at a similar 
price which is why there was additional space inside. 
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The design phase also included negotiating a lease for the battery site.   This proved to be a 
far more lengthy and complex process than had been anticipated for this research project.  
In order to avoid lengthy delays preventing installation, a ΨLicence to OccupyΩ was used as a 
temporary measure until the lease negotiations were complete. Timescale pressure of this 
nature was due to the nature of the research project, and it is not believed that this would 
occur for a standard commercial project. 

4.2 Design & procurement phase learning 
The learning points from this phase are summarised below.  

¶ The use of a partner to assist with the procurement of the battery was essential as 
DNO staff were not yet sufficiently familiar enough with battery technology to carry 
out procurement unaided;  

¶ Including more flexibility in the Statements of Works would have avoided the 
significant work of updating the documents and getting the updates signed off; 

¶ Having as much access to technical detail as possible during the procurement stage is 
beneficial; 

¶ The contractual conditions covering the battery operation should have included a 
clause concerning the imbalance between strings.  It appears this is a standard 
clause in other battery contracts; and   

Figure 3: Example Design Drawings 
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¶ Identify any issues with the contractual limits for items such as power factor early 
on.  This required modelling by Western Power Distribution (WPD) staff to ensure 
that if the algorithm were to fail to operate correctly, that the reactive power 
element would not cause network issues.  The selection of a clean feeder for the trial 
has limited the potential impact on other customers from voltage fluctuations during 
testing.  

¶ While the process to negotiate a lease started very early in the project, this aspect 
took far longer than anticipated.  Future projects might benefit from the use of 
template legal documents to flush out potential issues at the feasibility stage.  

 

 Construction 5.

5.1 Construction phase activities 
Construction was completed in October 2016, with the exception of a couple of minor 
snagging items which were resolved within three months.  Initial values from the 
commissioning tests are included in section 8.3 Pre-sale battery performance testing.  A 
further description of the commissioning tests is given in Appendix D Commissioning Test 
Learning Summary.  
 
Issues encountered during the construction phase included; 

1) location of cables differing from plans; 
2) damage to communication cables during the erection of fencing; and 
3) the requirement for a specialist driver to transport the battery due to its hazard 

rating.  
 
The following photographs show some key stages of the construction and the battery 
internals.  

 

  

 

  

Figure 4: Battery Arrival 
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Figure 5: Battery Offloading 

Figure 6: Battery on plinth before and after fencing 

Figure 7: Secondary Access Door (Battery Compartment) 
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Figure 9: Circuit Breakers and 
Emergency Stop Figure 8: Local Control Panel 

Figure 10: Battery Strings Figure 11: Fire Suppression 
Equipment 












































































































































































































