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Neither WPD, nor any person acting on its behalf, makes any warranty, expiegdied, 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 wath&arse of, any information,
apparatus, method or process disclosed in the document.

© Western Power Distributio@019
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Glossary
AAHEDC Assistance foAreas withHigh Hectricity distribution costs
ANM Active Network Management
BMS Battery Management System
BRE / NSC BuildingResearch Establishment / National Solar Centre
BSR British Solar Renewables Limited
BSUo0S Balancing Use of System
BYD Battery manufacturing company that supplied the solar stor
battery.
CCGT Combine Cycle Gas Turbines
CCL Climate Change Levy
CiD Contracts for Difference
CM Capacity Market
CMZz Constraint Management Zone
Within this report, calocated storage refers to energy storage th
Colocated has been installed behind the meter of a solar park or of
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

WESTERN POWER = Solar Storage Final Repo
=

DISTRIBUTION
INNOVATION 7
EMS Energy Management System
FIT Feed in Tariff
FFR Fast FrequencRResponse
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
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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1. Executive Summary

Solar Storagewa Fdzy RSR UG KNRdzZZK hF3ISYQa(NBSdyisteed] Lyy ?
in April 2015 and completedperatingin May 2018. The project consisted installing a

oF GGSNE WOoSKAYR GKS YSGSND 2F |y SEdases Ay &
and benefits of cdocating storage in this way.

The ams of the project wee 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 realvorld operation of an integrated utility scale storage / generatigstem to
provide data to regulators and potential investors.

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

The battery chemistry walithium iron phosphate, which is less energy dense thigmum-

ion batteries but hashe advantage of having greater thermal stability and is at lower risk of
overheating. The battery began operation in October 2016 andperated via pre
programmed schedulesDespite a number of technical challenges that delayed the testing
schedule, theschedule of tests was completed and during the project several improvements
were made to the control software enabling more realistic testing of the use cByethe

end of the project the battery capacity fade wagl%however,round trip efficiencyhadnot
diminished due to better aiconditioning 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 teaty was technically capable of performing the use
cases, the battery size limited the degree of impact in some cases, such as for managing
network voltageeither using real or reactive power. The arbitrage use case offered limited
returns due to the sit@& LJ2 6 SNJ LIJZNOKF &S | ANBSYSyYy (i KI @AY=
does not reflect the real differential between peak and-péfak pricesThis is due to the

value investors place on predictability when purchasing a renewable generation asset, over

and alove the potential upside from higher but variable prices. This is also trisamts

that lend higher percentages or at better rates against predictable stable quarterly income
levels.When colocating 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

a2t NJ LI NJAchrag\is €xpeyteSaiplay a more significant rvlethe 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 logpmsites whichhave

peak load at the same time as peak prices. The solaubyipak loppingise caseould also

potentially alsobe combinedas the charging and discharging periods are complementary.
wSIOUGADS LI2GSNI aSNPAOSE O2dz R Ffaz2 o022aid Ay
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power capacity though impact wouldbe limited for a small capacity batteryServices 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 thproject, 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 easuy conversely it is haler

to make the business case for investing in storagéhis is likely to limit the future
geographic spread of storage to servi@sstribution Network OperatorgNQ requirements

with existing storage located at sites where DNO services are not reqUinedmarket is
continuing to change, with grid charging now also under review which reduces investor
certainty still futher.

New flexibility options are being offered and trailed by various DNOs as the transition to
DSOs gathers pace, hoften these areoften too flexible in their contract terms andotions

to drive investment. These services oféedsting asset owners and operatdbse option to

bid in and out of the market easily while offering a good premium over thetimgis
operating regime. Howevewithout more predictable revenuessuch 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 justifiale and robust business case, which realistically involves hauiaognanant

(and preferably provenuse case, with additionality provided by DSO servidgéthout the

main business case, and with flexible markets unwilling to offer long term contracts that
O2dzZ R 06S02YS otyllotftS YR Ay@gSaialotSy GKSy
contracts idikelyto continue to be uncommon.

Connecting a battery to a solar park behithe-meter, while potentially saving costs
assuming they share export capiy, currently prevents theatorage from accessing several
lucrative and reliable revenue streams such as arbitrage and grid serkioeg&ver,with
increasing wholesale price variabilitpupled with future increased amount of solar parks
connected to tke grid, the midday price drop versus the evening price peak could make
solar peak lopping economically viabMlith this future potential in mindas well as
opportunities for more complex arrangements that could benefit both assets, any
regulatory barries 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 ad taking advantage of the infrastructure already installed. Batteries in these rural

areas can provide grid support to the potentially weaker network.

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

The new DNO commitment to flexibilishows an increasing awarenesfsthe 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 shawat the industry is in a
good place to meet the demands of a flexiblaart grid.

DNOs should continue to improve signposting of the required locations for future flexibility
services, but it may be thdtattery developmenwill be very limited if it relies on DNGs
provide contractsufficient to justify investment.

10
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2. Project Background

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). Tkeaso of a battery
associated with aolar parkwas chosen because of the wide range of potential services,
listed as thenine use case®elow in Bble 1, where a battery can provide benefits to
different parties. These are described more fullpection 9, Use Cases

Usage Case Beneficiary

MO NDAGNSEIS St SOGNROAGE F2NI I k. | GIhSNBEN

HOt S 1 RSYIF YR fOKBAG®OAt LINAYIF N5Dbh

o] 20+t RSYIYR BMBE®DALS YI AGKIK|  5bh K
I SAYHIISIAA Y Yy SOGA2Y K2 g2dzxZ R 20 Odzad2YSN

29 RSYFIYR 3INAR wPAGASI IS yadeldy 5b h
YAG @2t 43S NRaASO

pt2f Gl 3S O2yGNRf o6& NBFKOGADBS |5bh

cob+ 9ELIZNI StAYXPALY IV INISI A2yt [ { 2 | MIGtyIS
'y AyadagrffSR OF LI OAlGe 20N (K

Ok NAIF6ftS t+ SERIRWIAS fLAXAGAYA|lS5bh
éAfAy30¢

yot + LJzéSNJ lj dzt f)\-u{eYZ)EYJLKlN.B/@SYKS)/ 5bhk {2

wk YLl wktasS /2y hgySNJI
padz GALX S ad2NI-3S aeadsSy O2yid|adzZ GALX §
6b20 GNRFff SR Ay®f dZRSR FT2NJ R

Tablel: Use Cases

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

1 Enhanced Frequendyespons€EFR)
1 FirmFrequency Response (FF&)d

11
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1 Short Term Operating Reserve (STOR)

While these services are currenttyajor divers of storage connections, it was considered
that to trial these services would cause duplication of the Smarter NetBaskage project
carried out by UK Power Networks.

As well as evaluating the efficiency and efficacy of the battery at delivétmgise cases,
the project also estimatd the financial benefits and considest how these use cases
reflected the potentialfor layering revenue streams.

To support the understanding of issues around battery sizing, investment and intipact
project also included some complementary elements which ywere

1 technoeconomic modelling, provided by SRI Technolqgies
1 regulatory framework assessment, providedW#lities Insight and
1 power quality monitoring, provided byArgandSolutions

2.2 Location

The solar park where the battery wasnstalled 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 sbéar park

Copley Wood
Battery
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Figurel: Electrical connection to Copley Wood battery

! https://www.ukpowernetworks.co.uk/internet/en/newsand-press/presseleases/Trailblazingtorage

projectleadsthe-way-to-low-carbonfuture.html
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Figure2: Battery site schematic

The battery was metered separately and connected vialawv voltage [\) isolating
transformer.
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term covers a divese array of control modes and a SCAdx4a storage system thawas

also managed by RESolve. The key components discussed within this report are the state of

charge(SoC)ynanager, the use cases/modes and the undegy@CADAata storagesystem.

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 tasellrelocate the
battery as required.

2.4

Learning objectives

The project objectives we to;

13
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guantify the potential value to network operators and others of integrating storage
with distributed generationG;

use realworld operation of an integratedtility scale storageégeneration system to
provide data to regulators and potential investpesd

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

The learning objectivethat followed on from thesewere:

T

2.5

How well can tle 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 inechtiinancial
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 cdocating batteries with storage?

How do theeconomic factors affect the battery sizihg

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 stakehadticent
confidence for a larger roll out to be possible. The battery cap&caykWh at 6100%)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 paticular battery chemistry was specified as a requirement of the procurement process.
The battery chemistry of the successful bid was lithium iron phosphate.

14



e Solar Storage Final Repo
WESTERN POWER=" g P
DISTRIBUTION

INNOVATION

3. Project Phases

The project can be divided into the following phases
Design angbrocurement

Construction

Testing

Data analysis

= =2 =4 A4 -2

Decommissioning transfer.

The following sections describe the activities andiéay from each of these phasesith
the exception of the learning from analysing the use cases themselves which is provided
separatelyin sectionsl0to 17 of this report

4. Design &Procurement

4.1 Design &procurementphase ativities

British Solar Renewables Limitd8iS)R who were at the time owner operators of the solar
park at Higher HilFarmand hadan interest in investigating options fastorage, were
already confirmed as project partners at the tinoé project initiation. The battery was
procured viaa competitive tenderprocessto ensure value for money for customerhere
were four submissiongor the tender, and after evaluation RES was the successful bidder.

The process of obtaining planning was relatively onerous andnmaterial amendments to

the planning permissn were required when thdenced areawas altereddue to site
conditions. Theotal 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 sigoff was atwo-stageprocess that covered the battery itself followed by the
balance of plah

Examples of thalrawingsfrom the design process are given belawFigure3: Example
Design DrawingslIt can be seen that the containaasdivided into two compartments for
safety reasons, such that the battery operateas separated from the battery itself and the

fire suppression system. The drawings also show that only part of the usable space within
the battery compartmentwas used and thiait would have be possible to approximately
double the battery capacity if desire@he 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 whichis why herewas additional space inside.

15
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Figure3: Example Design Drawings

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 beaticipatedfor this research project

In order to avoidengthy delays preventing installationYicence to Occugyvas used as a
temporary measure until the lease negotiations were compldieescale pressure of this
nature was due to the nature ohe 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.

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

1 Including more flexibility in the Statements of Works&ould have avoiced the
significant work of updating the documerasid getting the updates signed pff

1 Having as much access to technical detail as possible during the procurement stage is
beneficial,

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

16
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1 Identify any issues with the contractual limits for items such as power factor early
on. This required modelling BiWestern Power DistributionWfPD 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.

1 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.

5. Constructon

5.1 Constructionphaseactivities
Construction was completed in October 20®6th the exception of a couple of minor
shagging items whiclvere resolvedwithin three months Initial values from the
commissioning tests are included in sect®f Pre-sale battery performancetesting A
further description of the conmissioning tests is given in AppendiBmmissioning Test
LearningSummary

Issues encountered during the construction phase inclyded

1) location ofcables differing from plans;

2) damage to communication cables during the erection of fencing; and

3) the requirement fora specialist driver to transport the battery due to its hazard
rating.

The followingphotographs show some key stages of the construcéom the battery
internals

Figure4: Battery Arrival

17
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Figure6: Battery on plinth before and after fencing
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Figure7: Secondary Access Door (Battery Compartment)
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Figure9: Circuit Breakers and
Figure8: Local Control Panel Emergency Stop
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Figurell: Fire Suppression FigurelO: Battery Strings
Equipment


















































































































































































































































































































