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Background
About National Energy Action

National Energy Action is the national fuel poverty charity working across England, Wales and
Northern Ireland, and with sister charity Energy Action Scotland (EAS), to ensure that everyone
can afford to live in a warm, dry home. In partnership with central and local government, fuel
utilities, housing providers, consumer groups and voluntary organisations, it undertakes a range of
activities to address the causes and treat the symptoms of fuel poverty. Its work encompasses all
aspects of fuel poverty, but in particular emphasises the importance of greater investment in
domestic energy efficiency.

About the Technical Innovation Fund

NEA believes that there is huge potential for new technologies to provide solutions for some of the
4 million UK households currently living in fuel poverty, particularly those residing in properties
which have traditionally been considered too difficult or expensive to include in mandated fuel
poverty and energy efficiency schemes. However, more robust monitoring and evaluation is
needed to understand the application of these technologies and assess their suitability for inclusion
in future schemes.

The Technical Innovation Fund (TIF) which was designed and administered by NEA, formed part of
the larger £26.2m Health and Innovation Programme along with the Warm Zone Fund and Warm
and Healthy Homes Fund.

TIF facilitated a number of trials to identify the suitability of a range of technologies in different
household and property types and had two strands: a large measures programme to fund the
installation and evaluation of technologies costing up to a maximum £7,400 per household, and a
smaller measures programme with up to the value of £1,000 per household. It launched in May
2015, with expressions of interest sought from local authorities, housing associations, community
organisations and charities wishing to deliver projects in England and Wales.

Over 200 initial expressions of interest were received and NEA invited 75 organisations to submit
full proposals. Applications were assessed by a Technical Oversight Group, chaired by Chris
Underwood, Professor of Energy Modelling in the Mechanical and Construction Engineering
Department at Northumbria University who is also a trustee of NEA. In total, 44 projects were
awarded funding to trial 19 different types of technologies and around 70 products (although this
number reduced slightly as some products proved not to be suitable and were withdrawn).

More than 2,100 households have received some form of intervention under this programme that
has resulted in a positive impact on either their warmth and wellbeing, or on energy bill savings. Of
course, the amount of benefit varies depending on the household make up and the measures
installed. In a small number of instances, we removed the measures and took remedial action.
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Technical monitoring and evaluation

NEA has been working with grant recipients to monitor the application of these technologies and
assess performance, as well as understand householder experiences and impacts.

A sample of households from each TIF project was selected for monitoring purposes. Participation
was entirely voluntary, and householders were free to withdraw at any time. This involved the
installation of various monitoring devices within the home which collected data for analysis by
NEAOGs t ec h Sdme esidentsavarenalso asked to take regular meter readings. In some
instances, a control group of properties that had not received interventions under TIF were also
recruited and monitored for comparison.

The technical product evaluation was conducted alongside a social impact evaluation to inform our
understanding of actual energy behaviour changes, perceived comfort levels and energy bill
savings, as well as any other reported benefits. Householders were asked to complete a
guestionnaire both before and after the installation of the measures which captured resident
demographic data including any health conditions. Small incentives in the form of shopping
vouchers were offered to maintain engagement over the course of the evaluation period.

The HIP fund was principally designed to fund capital measures to be installed into fuel poor

households. A small proportion of the funding enabled NEA to conduct limited research and

monitoring of products installed and was restricted to ensure that the majority of funds were spent

on the products. All products included in the trials were deemed to offer costs savings and energy

efficient solutions as proposed by the delivery partners. The research and monitoring aimed to

provide insights to inform future programme design and interested parties of the applicability of the

product to a fuel poor household. We recognise that due to the limited number of households
involved in the monitoring exercises and the | i mi
performance, we may recommend that further research is needed to better understand the

application of these products in a wider range of circumstances over a longer period of time.

The research was conducted according tdcedsEAOSs et h
recommended by the Social Research Assaociation (SRA) Ethical Guidelines 2002.

An accompanying programme of training and outreach work was also delivered to 292 frontline
workers to increase local skills and capacity.

Individual project reports are being compiled and will be made available publ i cly on NEAG®G
from September 2017, along with a full Technical Innovation Fund Impact Report.
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Legal limitations and disclaimer

This Technical Evaluation Report (Report) has been produced independently by NEA in
accordance with the objectives of the Health and Innovation Programme (Programme). Neither
NEA nor any of its employees, contractors, subcontractors or agents (Representatives), makes any
warranty, express or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or any third party's use, of the Report.

Any reference in the Report to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not constitute or imply its endorsement,
recommendation, or favouring by NEA or by Representatives.

The opinions, findings, conclusions and recommendations contained within this Report are those of
NEA, which were evaluated in specific settings and relate solely to the technology monitored for
the purposes of the Programme. NEA accepts no liability for the use of the information contained in
this Report or the replication of it by any third party.
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Executive summary

Project overview

Thproject was | ed by Nottingham Energy Partner shi

T I'nstall domestic batteryhoemegs awiet h ns Bl5ampr PV aitr
Aut hority of Thurrock.
1 Assess the performance of 3 different battery
o0 Masl ow V3mabnautftaeomtiyurheda capacity of 2KkWh
o Power Fl ow Sen®08| wbsbWM a capacity of 2kWh
o Victron Multi-RPROS8OCOBPpawttlB 260Ah AGM | ead
T Assess | evels of resi dent satisfaction with th
T Determine the battery performance over about 2
from the batteries and the solar PV systems
T Consider anwyschazlilag ege wi-s halferdédglroymemgte of t h

Cont ext

There are estimated to be 67,932 househdl dsand th
among t hese, about 5,600 werRy etshd man ¢ do ft 0J bree f !

1,386 domestic solar PV installations in the area
Whil e many of these solar PV installations wil!/ h
proportion are | ikelfyeho AahembesenWiuhdedch a sch
householder is able to use any electricity genera
who paid for the insitnaltlaatiifdn (cFliali)msa ntdh ee xfpeoeed t ar
ma x ismi t heciorn ssuemipft i on to increase the benefit from

to add a domestic battery to store electricity wh

The mar ket for domestic batteony seovebhgemestsihnlth

Battery storage is not currently covered by the M
Al though installers can easily estimate the gener
is difficult tiot ® sftadarmal at ttéhrey bethefage. The Renewal

(RECC) has written guidance on battery storage fo
number of compl-aehtsngbotitt mEeseeB8REONagyonal Sol a
cobbaation with RECC has also produced guidance f

1 Table 406, 2014-based Household Projects for 2018, Department for Communities and Local Government,
https://www.gov.uk/government/statistical-data-sets/live-tables-on-household-projections (Accessed 8 August 2018)

2 Sub-regional fuel poverty data 2018, Department of Business, Energy and Industrial Strategy (BEIS),
https://www.gov.uk/government/statistics/sub-regional-fuel-poverty-data-2018 (Accessed 8 August 2018)

3 Sub-regional Feed-in Tariff Statistics, June 2018, https://www.gov.uk/government/statistical-data-sets/sub-regional-feed-in-tariffs-
confirmed-on-the-cfr-statistics (Accessed 8 August 2018)

4 Battery storage for solar power: guidance for sellers/installers, (RECC,2015) https://www.recc.org.uk/pdf/quidance-on-battery-
storage.pdf (Accessed 6 Mar 2018)
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orage °syflttehnssugh solar PV installations can sigrt
orage has no i mpact.

e fimedariff |l ed to @amudnbematoifc siom@amre®deiinstall at
ayed a role in the significant decrease in inst
centive for domestic battery storage to dat e. I
e &Kehso far been modest, but strong growth is

tivity to date has been focused ypn crad d garbele nt riin
t ween 6200 haomtes for free.

manufacturwewrprdduetep hhere is a trend towards
eater output power. Prices per kWh of storage a
ttery storage wil/ be further i mprovedcshyemdtst &

ni mise their electricity costs on time of wuse t
e technol ogy
sl ow V3 battery

Masl ow V3 hanhwuémaygyturnedamy AlBoi(xadt ernating curren
stem which uses a | ithium ir on Tphheo svpehrasti eo nb autsteedr
udy 2hkawthod al capaoiut @y, bwhd efktelm dfo cdi scharge (DoD
ant theb&tktwery had a usable capacity of 1. 6kWh.
to 430W, but the battery would normally start

ached 250W. The battery had an expactgedclpiofidesap a
rrantyweerfs . 10The system needs to be connected to
th battery control. Wi-kRenbeanhnnargnkhdasa 86 éeéxtasmat
tteries wereWPnhoetéerd udbinhfpepdaet ers or TP Lin

wer FIl ow Sundi al SDM 2.0 500 battery

0]

Power FIl ow Sundi al SDM 2.0 is again an AC coup
osphateeg ybatechnoMagyowLblkeétehg on the triiadly the
2. 0kWh and a usable capacity of 1.6kWh. The sy
be added to the system at a | ater date. The i
ps of 50W depending on the @owess caml amcgenrnarea
125W up to a maxi mum of 50gW.arTIpe oldaitctte rrye pH as e
rranty. The warranty can be extended to 5 years
e battery perfor mencewmar 4r00i sciycriese i pmeotdbhet |
arted there was no monitoring systemuroirng h20 1P8,
wer Fl ow released their Energy Gateway device wh
id ghargin

n
e

5 Batteries and Solar Power: Guidance for domestic and small commercial consumers, BRE/RECC (2016)
https://www.bre.co.uk/filelibrary/nsc/Documents%20Library/NSC%20Publications/88031-BRE_Solar-Consumer-Guide-A4-12pp.pdf (6

Mar 2018)
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Victron MultiPlus Compact 12/800/35 with AGM Lead
Unl i ke aacs | Povwer FIl ow, Victron typically supplies t
monitor in separate units. Thdessiodmedws ga\wartyetrhifn
not combined in a single attractive unit. A Victr
was used along with a Victron Colour Control GX.
ion batteries. A Leowhs?2$0AbciA6&MM bypatthacidstall er.
capacity of 1.56kWh with a depth of discharge of
cycles at 50% DoD. The Victron MultiPlus Compact

800W, withdshatrthpgheo outputs of up to 1600W. De
the systems using the VRM (Victron Remote Managem

The project

Nottingham Enenf dNEPRamgtnendshiegrui t ment in the Thur
was edkeodant o neighbouring wards to achieve the req!

were used to identify properties with solar PV. A
identified as suitable. These pirongeohi eewwersupar
areas, | ower SAP ratings and off gas grid propert
were printed in | ocal newspapers promoting a comm
aim was to recruitol3a hPovw sfeohrolfdrse ewibtaht tsery i nstall
signed up received a technical survey from a NEP

15 Jun 16 and 1 Aug 16.

A totlaMasolfow V3 bawkeFil esv, SutadPalViSDiM e2n.g0g asntdo rda g e
systems were installed. A household | ater request
because it had ndtalbedadn andremlewtelry oipreg at

A group of monitored properties were rycNBA.t eldhifs
iol uded 4 h o uMaeshloolwd sb avtittehr i es, 5 househol ds with P
the households with Victron energy storage system

residents in the monitored gheupeaddrmackre od!l tar
assessment wasofaltstoe ppersfi ¥d mbhlhatet eorfy adyyst ems usi ng
portal cibat a ol properties for the study with just

of Col chestHoemeBor ough

I nitial qgquestionnky rtetse wheo es elbanpd £t abrveerE®2 W une al
INnt er medisatwerwi giatr ri ed out i n Macomtawcd Apitihl t2@17
householré@épel ace | oggicnhge cekq uh apumeantiyy hpehsilc dani ng t he p
Finals vwesriet¢ carried out in July 2018 hanidndloggi ng e
guestionnaitle albsreafsietd odnyw hreelbiagbielriyty i ssues anc
home and when they weranalsyesdi st oofastshhestelwadtricity
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Summary of findings

Resi dent satisfacti on

T Al'l the residents in the monitored group thoug

input to work and found the systems easy to use.

1 A majority of households felt they knew how best to use the battery with 8 out of 13
agreeing or strongly agreeing. However, a minority of households felt they knew enough
about how the battery worked.

1 Only 5 out of 13 households in the monitored group thought there was a reduction in their
energy bills after the battery was installed, while 11 thought they were saving energy in the
home. Rising prices and direct debit payments are likely to have made it harder to perceive

any savings.
I nstall ationiamsderseliability
T Apart Maolmow Hattt evvtays ti ncor r ecattleyw irnesntoavielde d oa nhd
were also noted during the installation phase
T A Il oose connection on the MCB from installatio

Power Fl emtyob anreteepdl aci ng t wi ce.
T I'nstallers temporarily used the way in the
the househwhtdewi hhattitng for a month

T Batteries were not always fitted withawvwbkbeledrr

to overheating and nmposoana cpaesrefsor mance

T Wires to and from the fbhattteadr yi nwerleasrtatc rtauwtnikn e

sometimes | eft | oose.
T Maslaonwd Victron battery systems connected to

going offline. Reasonopiimgl wded am\d skeatda engy tt rh ¢
into bypass mode, issues with TP Lin-fhlhaomannect
residents switching internet service provider.

Masl ow V3 batteries

T Among the bDGatMaslyownstallations, amnl7yb %9 oWwert éd e

time during 2017.
T For t9Hvemsd ow batteries, bet ween 1 Jul el 7waasn d
in the range 1502rk Wh. 4t2ok V8d/1ldkawh.t o 0. 93 kWh/ day

T The houwiethlbldhe | owest battery di-cecahaumget iabis oo
the so(l&8%PV Thanida ewlasexlcessaP&i gabhkeatoooahar ge

battery twhhehl 6owdbattery discharge.
T Theevel o-t oRPYumpt f on was hoonulsye h400l %8 fwoirt ht hteh e
di scharHepge e t he excess generation was able

T Among the monitored propertT03Hsschhegkdt 264k Wht
bet ween 1 Jul 17 and 30 Jun 18. This was the
There was sufficient excess PV generation to

the evening to regularly fully discharge the
T There was a significant decrease in the batter
househ®2.d This was most | ikely to be due to

9
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El ectavchgg $rom the batteries with better onl
per yYy&@a&r household which saved the | east from |
from consuming electricif@Thef homstheld ol ar gPy
di schar ge coonfs Wwrndegbe hn @ersat i on, saving A159.

Power FI ow Suvh.dgi a5l0 0 battery

T

Online monitoring of the Power Fl ow battery was
Power FIl ow Energy Gateway device was only relea
possible to get battery6cef |t de syt agiiett @ ng aadb onug
2 years of operation.

The battergvedi sabaurgaen2g eyde afrrsom 282k Wh t o 836kWwW
to 1.16kWh/day. This equated to savings of bet
on a single rate tariff of 16p/ kWh.

The sworper odr mheg moni thoade da bdait skeehOakrggpe aonfd 2 2 k Wh

from the 2 cells in the battery system. The po
been due to a cell coming from a substandard b
inéhwi ng performance may have been high daytim
ventilation around the battery.

There were 4 batteries which had a discharge o
corresponded to a saving of about A40 to A46/y
The bersftorpming Power Fl ow battery had a dischar
a 4kW sol ar PV syst ewmsstplriotofa c rHosuss eahno | eda scto ns u |
the day, which allowed the battery to charge.
ovreni ght, which ensured the battery regularly

Victron Mul tli2c/o8ndpOa/c3t5 G nd-26d00 bhatlt AGM

1

CP775

All 4 of the Victron systems that were i,nstal/l
a detamsdesdssment was @anlsyngdesislyls¢é efmomwhere good
data was availabl e.

Between July 20l7heaeanbatiueey 28dil8charged 287kWh.
provided 482kWh t o c¢ h7akWhe cdcfanneembathteempywisi lse 1
The battery round trip efficiency ranged from
2017.

The net battery discharge over 2 years was 575
a single rate tariff at 16p/ kWh.

Whi | e btelpde rXionrgm Vi ctternrmsegmlyye saw t he battery dis
50%, the state of chvwaageodlagnagamobhhmumsygbtamout
di schdurgieng J.drme s2Wh& | i kely to be due to this
of its |life span.
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Conclusions and recommendati ons

CP775

Domesoi arissPVan effective technology for reduci
well as for increasi ng Btalhe e3$ APcsatnotrhiaaggp ohf o uas ebhuoi
ma i mi se s awiemnmgs nbgyvteh ecofn suanpft i on of the gener ¢
Households where the residents are out during
consumption are particularly suitable for the
Domestic battery syt osrtaigl@éle visd dagprimecth nabh ® gt securr
stage of undsaaglod nigr ilalrgeandcpadepmamaelE gpeci ali
user s.

Pr oblceaams owictuhr i n sduael Itaot itohnes contractors having
the tecdamodlmgty foll owi ng Ciumsdtoanelrast ischrmo ud Wi dcahmoes
installer who has W®eetnr acinnian gnacnouufrascet uarnedd has p
experieAcleocally based reagndwalnéftateem eao gtyi o mst al
Soci al | aadhlicanrggse rp number s of battery install at
and resources for customer r1 ddgreutittemme nte.maGoa o da nc
community engagementa @eemntosle ok eynotna hisui | d cust
A fsuilsler saeryreecessary to deter mi neyitnlsd ad U iattd minl ia
with an emér ghealbhoidishesolwbul d examine househol
patterns of energy use and assess whether ther
gema@ation to charge the battery.

A battery system requires good internet connec
a consistent service. Project planners need hi
t hat houseWldlidnss thaal viéeadwy twhd | b atlt e WkF laarcd etstse yt ow it
not turn off the router.

A hard-wired connection is best between the router and the battery as TP Links and WI-FI

connections are not robust enough to maintain long term connections. Households should

be provided with advice on what to do if they switch internet service provider.

A | arger project requires a project management
responsibilities. Regul ar meetings are necessa
phas@sod communication is required with projec
manufacCuseomer recru-i nmentl acdopbet carried ou
energy champions or t eaatndr n alai ®anmetnmed fgsy c ®uds/hi @ae
Oor giashasdaroncommuni tysenergy group

Customers need good advice at the time of 1inst
the relationship between patterns of use, batt
The battery system shofibd phevicdsestamekedaon mean
wor king correctly and a monitoring system, wit
an online portal. These should have an easy wa
produced and more detwouledl alnlf @ow miati @ ocu wtho mmér
i mprove savings.

Paybac¢ckfesr batteries caheturtéehtebpaexceéelewever,

technol ogywydiva mmganpdi dileyw devel opments are | ikely
case for installatedoced PhbeHgkéncbasteery charg
hi gher battery power output s, gr eatreat iboaant tveirtyh

time of asaefftfamriiddsgrid balancing services.
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1. Project overview

1.1 Introduction
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s reliant on the electricity grid by ma
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ed to the grid andthetyustedraget barahbaeas
y that would be dtaherrwiussee 4 p dtohtee e vieml n
on obenkditeryhetetaeageéricitgreataork ove
newabl e endarhegsakldhepende mgy on grid po
of consumption.

Household with solar, no batteries
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Excess solar ;.;
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z

\ 3

E

P

w

=

w

Q

o

<

—d

[e}

vy

T T T
AM NOON PM
Household with solar, plus batteries
whiy
Less excess > . z Less energy
solarexported < used from
to the grid the grid

\ Z
Battery g

discharging g

Battery uzJ

charging E

[-4

<

—

v}

vy

T
AM NOON PM

Figure 1.1 lllustration of the benefits of energy storage on a solar PV system”

A t ot adatotfer3ibes weirfiem amoit md| MBAmMTechni cal .Momsnovati
batteriies twer earierms tod!| ITehdi,rar d @ak gdr augh Cwoun

of t he
Techni

cal

| nAlbe at n®nhalFued sel ected by NEP was T4 |

Der by sThierreesa wt o tl da solfo w.owlke4 FIl ow Sundial and 4 Vict
the project.

5 Nottingham Energy Partnership (NEP), https://nottenergy.com/ (Accessed 8 August 2018)
" NSW Home Solar Battery Guide (2017),
http://www.resourcesandenergy.nsw.gov.au/__data/assets/pdf file/0005/728816/NSW-Home-Solar-Battery-Guide WEB.pdf (Accessed

15 Mar 2018)
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1.2 Aims
The prhajdedthe foll owing ai ms;
T I'nstall domestei ¢ mpbr@thtaetreylhys mawnaegd t i ns alhaer UMV t ar

Aut hority .of Thurrock
1 Assess the performance of 3 different battery
o Masl ow M3 bactatheyof t 2 k Wh
o Power FIl owSBMn®0@i t bapacity of 2k Wh
o Victron
T Assess | evels of resident satisfaction with th
T Determiaetehg perf or maynecasa nav ¢ heafawtit mzes r esi de
from the batteries and the solar PV systems
T Consiadhgr chal aessg@ei at ed widahl & udephleary mearrtgeof t h

1.3 Context

There are es@i mhAdadehoalhdes Unntary Aut hor§By tolie Thu
end of June 2018, there wer et ilonBsBaér edao mkfsittibce ysol ar
Aut horlimnythe Parliament ar y h@o msutmbteuwe nocfy doofmeTshtu rcr os
i nst alwaaStd8 ncsompared to the neighbouring constit ue
Thurrockadvh®&Mh. h

Whil ey mafiese solar PV installations wil/ haaatbeer
proportion are |likeldGyehbo GAahesmbWenhfsandkedabygcheme
householder is able to use any el eedriltatt yt e neao m)

who paid for the insithnaltlaatiifdn (cFlialuntsa ntdhceh efpeeesd wke a
vi abl e wheinn tthaer iffefe drnadt ewewaes ahtitgrhacti ve t o househo
solar PV instalHausemoltdchse msed d/ etsoc onaxu mp tsieon hted ri r
the benefit from the solar PV system. One way of
electricity which would otherwise be exported to

Fuel poverty stiant iJsutniec s2 Oplugb | @ $sillatbgd vd att haa tf rtolme f u el
in the Unitary Authority of Thurrock was 8. 6 %. Fo
rate is slightly higher at 8.8%, whilehotlbdsBtabkaldd
were fuel poor was nbticeably | ower at 7. 8%

The mar ket for domestic batteony seoehaoemibetAUKItIhle
time of writing, battery storage is not cov)ered b
which provides quality assuWhAnte fenewabbkwabhergm

8 Table 406, 2014-based Household Projects for 2018, Department for Communities and Local Government,
https://www.gov.uk/government/statistical-data-sets/live-tables-on-household-projections (Accessed 8 August 2018)

9 Sub-regional Feed-in Tariff Statistics, June 2018, https://www.gov.uk/government/statistical-data-sets/sub-regional-feed-in-tariffs-
confirmed-on-the-cfr-statistics (Accessed 8 August 2018)

10 Sub-regional fuel poverty data 2018, Department of Business, Energy and Industrial Strategy (BEIS),
https://www.gov.uk/government/statistics/sub-regional-fuel-poverty-data-2018 (Accessed 8 August 2018)
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very familiar with solar PV and the benefits can
storage is Troe eRednenwabeldee Ener d RECKEH s lhmesr wCodd en ¢
battery storage for sellers and installers-follow
selling of theet BRENNaADgyYynal Solar Centre in coll
produced guidantdefongtbasehasnag Fatlteaowght cod ae
install ations can significantly increase SAP rati

The fiemed a&rdi ftfo a dr amat i c sionlcaremaBtea lilna tniuombse rf rodm 2
played a role in the significant daoruefdismanai alnst
incenf odvoemesti c batterklowe \@ae mgienbtees ebdit el s run by

organi sati otnhse |Dikset rNEbAugaer et or s and el ectricity su
proj ehcetrse w 2pi cal bYhbaetbeeamsinstal I®d in homes f

I nstahubumbeons for domesitmct hatdd riiycaesnd d e astheit st rong
growth tedprEdrcexampl e, &Moliexaadi nog eb aotft erhye nbakKn uf a c
installed nearly 10001 gy 2twéAs leixtp etché ngK tloy i nst al |
in the UK by 2020

As manufacturers develop new praodect sapbbeéetyg bata
greater ouRrmpiudepomwer .kWh of storage are predicted
battery storage wil/| be f urgrhied sienrpwiocveesd abnyd baaltlt oe
mi ni mise their electricity costs onGti om&@hafeuasse &
feature with their batteries, which involves trad
parti chteiwman a fixed income of A%0 per year from t

1.4 Project timeline

The project was approved in the Autumn of 2015 an
community engagement event was held in Grags on 2
carried out between 15 Jun 2016 and 1 Aug 2016. A
install ations was recruited and initial qgquestionn
bet ween June and November 2016. Contuiblettiousahol d
Colchester Borough Homes (CBH) and initial interv
May 2@GHbdbdseholds were monitored up until the end o

dat a. Final household viagaitsgl gnd80ilBtandi ewws tephkr
foll owing weeks.

u Battery storage for solar power: guidance for sellers/installers, (RECC,2015) https://www.recc.org.uk/pdf/quidance-on-battery-
storage.pdf (Accessed 6 Mar 2018)

12 Batteries and Solar Power: Guidance for domestic and small commercial consumers, BRE/RECC (2016)
https://www.bre.co.ukfilelibrary/nsc/Documents%20Library/NSC%20Publications/88031-BRE_Solar-Consumer-Guide-A4-12pp.pdf (6
Mar 2018)

13 Batteries included: Yorkshire village seeks to solve riddle of too much sun, Adam Vaughan, The Guardian, 21 Jan 2017,
https://www.theguardian.com/business/2017/jan/21/batteries-included-yorkshire-village-seeks-to-solve-riddle-of-too-much-sun
(Accessed 7 Mar 2018)

14 Moixa expansion continues with £2.5 million investment and plans for 100,000 battery Virtual Power Plant to balance grid, Moixa
press release, 18 Jul 2017 http://www.moixa.com/press-release/moixa-expansion-continues-2-5-million-investment-plans-100000-
battery-virtual-power-plant-balance-grid/ (Accessed 7 Mar 2018)

15 Moixa Gridshare http://www.moixa.com/products/gridshare/ (Accessed 7 Mar 2018)
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MILESTONE MILESTONE
Recruitment of households Extended monitoring period
and installation of batteries
Mar Aug Nov Jul Nov
2016 2016 | 2016 2018 ROLH
MILESTONE MILESTONE
Household interviews and Monitoring equipment collected and
monitoring equipment installed final household interviews
between June and November. conducted in July 2018. Final report
published in November 2018.

Figure 1.2 Project timeline

The project was approved in August 2015. In the first half of 2016 the partners focused on
household recruitment and sourcing the PV and battery systems. Installations took place between
August and November 2016 along with initial interviews for monitored households. The project was
extended due to the installations taking place later in the year past the peak of solar generation.
This provided potentially a year or more of data from households where there were no technical
issues. Final interviews were carried out with residents in February 2018 and the project was

written up over the following weeks.

1.5 Attracting beneficiaries and establishing a monitored group

Figurae bIPBomoti onal
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T The original plan was to target househol ds wh
throudgénta a r dbbhhecpemeate sector. This scheme
the cuts -tm t &ri ffeewWere announced in 2015.

T An aim had been to target at | east 50% of hous
research by NEP reveal edrdéedocdy modtachicé aed hBRG
a focus was on properties wi-6h an energy effic

f Thurrock was a target area for the project, b L
the scheme was alesghpowamasgd t o

f Based previous experience, it was thought that
out to achieve a target of recruiting 35 suita

T Aeri al maps were used to identify househol ds
counci |l llooa&alutamafrfiitcyeros t o promote the scheme.

T A total of 296 addresses in Thurrock arhdesBas
properties were further shortlisted to ensure
proper tweerse tviatthi n | ower super output areas an:i
Properties that were off the gas grid were als

1T Letters wer e sent to t he i dent iTfhiee df ilrssus elheotl f
househol ders tongagememunevgne and {deser Aippdndh
2YLater letters reminded households of the fin
a free battery.

T A press release was sent out t o Isoecdgplp emawsxp a&p
Articles were printed in Your Thurrock, t he Th
Gazette

T The community engagement eC¥Bt i wad hkbelBdehbht vart
Centre in Grays on theMaeweaohg. oFThdhartsallaiyn @ 6p
project managers, Nottingham Energy Partnershi
Moi xamahhkaofutdér Masl|l ow battery

Newspaper _ 4
word of Mouth | -
Consultation -
1] 5 10 15
Number of households
Figuar 4 Recruitment method for households that rec
50l ar energy charity looking for Thurrock houses to pioneer &égroun

http://www.clactonandfrintongazette.co.uk/news/south_essex news/14504726.Solar_enerqy charity looking_for_Thurrock_houses_to

pioneer groundbreaking technology/ (Accessed 10 August 2018)
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NEP devilReddkra adbi Fcerpnhidve scheme where a custor

voucher of A25 if they recommended a friend w
went through to an installation.

Ou't of the tot al of 3®siundgt olf| avtoiran so,f 6Gnowd rhe |
and 12 from the consultation event. The remai |
articles.

At the community engagement event, a register
compl amedt eshimvegls were booked with intereste:t
A NEP staff me mb edra yc otnrpd ientiendg acour se with the
competently complete the technical surveys anc
well as photographic evidence.

Mock ups of the battery sizes were made to hel
the agreed | ocation. This was also photograptht
i mportant that all the required liefwvirsiti ba mi

di sruption to the houpebpétwisiamesd ghecacaatt e s
NEP and the installer.

After the survey, households were sent a s umma
and an estimatEBoobehbkdsasiggsed this to provid
A proportion of the households who received ba

a monitored group for the NEA evaluation. Thi s

of monitoring equipment, analysis of data frc

household electricity bills. Households in the

with shopping vouchers.

A control group for t he ewasltwanteiren owasCol edhresil

Homes. These households had a solar PV install
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1.6 Factors affecting the planned evaluation methodology

Project Change

Description and mitigation

Or
i n
s C

i gilhyea ai mrwacsr utiada fuel poor h
stallations out of thoéenwhd
hembhi s aspect of the banocguencstr

announctelde f-fomedAam idift ernati ve a
subsequaktlny recruiting househ
t hose weixtihstpirneg sol ar PV system
Thurrock was chosen as the aree
target area for Techni cRadc rluninton
extnded utro ouanrdeiansg | i ke Basil don
required number of installatior
Installation errors A househol d who rbeactetievreyd cao nMaascl

re
i n

qguesting for it to be rCemdwerc
veshigattarned out that the i

installed the battery and the ¢
completed out of office houirts w
working. The battery had been |
a y.eafhe residents subsequently
di sconnect it when fitting a s
col | ecaneodt hbeyr ciomari aslslieorned by NE
Online monitoring of At the time of the installati orn
PowerFlow batteries available for the PowerFlow bat
an Energy Gateway device which
control . I't was hoped that this
monitored group at a | ater dat e
released unt Al sSpriango20Ware ury
for the opeohtthgseybatmeri es .f
This required either the batotrenrn
one of their staff or sopp.itlg s

pr
En

oject was ending in a few mor

Online monitoring of
Victron battery system

Th
no
el

to
sy
ge
sy

Online monitoring of the
Maslow battery system

Th
p o
t h
tr

ergy Gateway as part of the g
e Victromnemat nedwdeys online
t set up by the original i nst
ectrician to set it up for hi
set up the monitoring for tHh
st dmes however did not coll ec
ner a@thieon.nt ernet connection f
stems wad pedr to significant
Ma s | mavt tse/rsyt e m uMoeidg atlhiene moni
rtal. However only 9 of the 1
an 75% of 2017. |l ssues causirn

i ps and residents switching i
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2. Social evaluation and impacts
2.1 Details of properties

Batteries installed

Type of battery All installations Monitored group
Maslow 16 4
PowerFlow 14 5
Victron 4 4
Total 34 13
Tab2 el Summary of types of SbuantGaeirny bianpstteslglcebda nikn t he
Overall, there werebattetwl spfta@mpaprswdl hdhde SunC

Bank pmThbjeset coimpr Mastba Power FIl owaanderdy \siycsttreans .
Mas|lloat t erfy tWweesdle v dhri,s unit was natndc drhree ditoluys eihrod tda |

that it was removed. Where all the battserwi lilnsdrml
include the 34 operating batteries.sedlhge MMaodblidwr
Power FIl ow and all 4 Victron battery systems.

Location of installations

76.92%

Thurrock

South Basildon 23.08%

& East Thurrock _ 26.47% Maonitored

group (n=13)

m All installations

Brentwood | 0.00% (n=34)

& Ongar l 2.94%

Basildon 0.00%
& Billericay F 2.94%

(1] 20% 40% B60% 80% 100%
Percentage of households

Figuke 2Per centhaogues eohfol ds with a bat tRaryl iiamnsetnatla rayt i @onn sitni tdu

Fi gukeh@ws htehatajtori ty of batteries for the SunGai

in homes in the Parliamentary Constituency of Thu
There were alisnsst%lHdetdt armi eSsout h Bax6 . ddmY ah de Eals ti
Brentwood & Ongar and Basildon & Billericay. For

i hbhe Parliamentar¥hCon&gthk takéd) c3 eisn oBasi |l don & East
(2. 08M0r e specifically, 7 man iStoarnt éid Ot kleqndalmanl s dwer
wit hottthens Chadwel | St Mary, Grfaiye®r dizford and Pul
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Action for Warm Homes
A127 North Benfleet
) Basildon G @ SIEer iy
m A27 RADINC
West Horndon @ South Benfleet Thun
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Hornchurch Langdon Hills
&
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g‘ Wat Tyler Centre o
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£ North
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4 & Chadwell o
» St Man e
Grays Y
» West Tilbury Map data 2018 Google 1 km L——1  Terms of Use
Colour. @@ Moixa § ¥ PowerFlow © ¥ viciron
FiguBe 2Map showing the monitored pmegearltliag s omist h bat
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Lamarsh Vale AONB [Tl O ®|\ Street v f
East Bergholt St Mary
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B Felixstow
35 Dedham shotley Gate SinCISHe
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" Horkesley Langham Manningtree
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BED  Harwich
Earls Colne @ Ardleigh Ramsey
Wake Colne
. Little Oaki
HIGHWDODS Wix 7 e
West Bergholt
Great Te Great Oakle
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Hamford
a120] Marks Tey Water National
A X Nature Reserve
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Wivenhoe Great Bentley Weeley 1home-le-Soken
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ngw-l\;y: Fingringhoe Kirby Cross the Naze
Kelvedon Abberton Frinton-on-Sea
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[~ Brightlingsea
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Holland-on-Sea
Great East Mersea St. Osyth §
7 'cint Clear -
& Wigborouoty Mersea Island Clacton-on-Sea
el Map deta ©2018 Google  2km L 1 Terms of Use
gude 2Map showing the control properties

Fi

A further 6 households were monitored as control properties (figure 2.4). These were located in
and around Colchester. They were selected to be in broadly the same region as the households

with battery installations and so likely to experience similar patterns of weather.

CP775
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Characteristics of properties with battery installations

8!

Technical
Reference Dwelling type Floorarea wall type Heating type SAP PV system size PV system ownershig
Number (m?) rating (kW)
T-01 Mid-terrace 100 Cavity Mains gas 59 4 Owner
T-02 Mid-terrace 95 Cavity Mains gas 63 4 Owner
T-03 End-terrace 76 Cavity Mains gas 75 2.4 Rent a Roof
T-04 Mid-terrace 88 Cavity Mains gas 69 3 Rent a Roof
T-05 Mid-terrace 120 Solid Mains gas 60 3.75 Owner
T-06 End-terrace 95 Cavity Mains gas 59 4 Owner
T-07 End-terrace 87 Cavity Mains gas 65 3 Rent a Roof
T-08 Bungalow 118 Solid Mains gas 66 3.25 Owner
T-09 End-terrace 87 Cavity Mains gas 72 24 Rent a Roof
T-10 Detached 164 Cavity Mains gas 60 ? ?
T-11 Mid-terrace 67 Cavity Mains gas 61 3 Rent a Roof
T-12 Semi-detached 88 Solid Mains gas 68 1.88 Owner
T-13 Semi-detached 116 Solid Mains gas 62 2.4 Owner
T-14 Mid-terrace 85 Cavity Mains gas 65 15-25 Owner
T-15 Mid-terrace 75 Cavity Mains gas 62 25 Owner
T-16 End-terrace 55 Cavity Mains gas 62 2 Owner
Average 94.8 64.3
Thl & 2. Det aoifl pr opkirc h ese c e ibvaetdt eMaise so w
Technical
Reference Dwelling type Floor area wall type Heating type SAP PV system size PV system ownershig
Number (m?) rating (kW)
T-17 End-terrace 85 Cavity Mains gas 62 2.82 Rent a Roof
T-18 Semi-detached 87 Cavity Mains gas 76 3 Owner
T-19 End-terrace 74 Cavity Electric 58 3.6 Owner
T-20 Mid-terrace 76 Cavity Mains gas 68 1.96 Owner
T-21 Mid-terrace 95 Cavity Mains gas 79 3 Rent a Roof
T-22 Semi-detached 171 Cavity Mains gas 65 2.76 Owner
T-23 Detached 84 Solid Mains gas 52 3 Owner
T-24 Semi-detached 134 Solid Mains gas 54 2.16 Owner
T-25 End-terrace 131 Cavity Mains gas 68 ? Rent a Roof
T-26 Mid-terrace 105 Cavity Mains gas 63 4 Rent a Roof
T-27 Bungalow 160 Cavity Mains gas 64 3.8 Owner
T-28 Detached 165 Solid Mains gas 64 3.68 Owner
T-29 Mid-terrace 96 Solid Mains gas 74 3.5 Owner
T-30 Semi-detached 148 Solid Mains gas 68 4 Owner
Average 115.1 65.4
TableGe 2. Details of properties bwhitehr ireescei ved Power FI
Details of the propasitamd RwhwerhF Iroew eh avtettlearbil éess a2r.e
and6. Bener al chaakaecuterit bei dui l ding were takewn fr.
Performance Certificate (EP@gtoblidhresz20 Wer&od odmglew -
of the monitored properties, household visits sho
incedtn. such cases, the most up to date informati
PV system and whether it was pridveantte |Gy clvevmne dwer e

coll ectedidiutri alg &&feess mentTshefidarortehde glraotutpe rwei g sh Ma

wer e

housGhotbhdsT &l t houghv aiclcelsllse wshsarataa |

battéhiaeés wer eHonbk e-h @& |
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Technical
Reference
Number
T-31
T-32
T-33
T-34
Average

12
NEA

Action for Warm Homes

Dwelling type Floor area  wall type

Semi-detached

Semi-detached

Semi-detached
End-terrace

Tabl7e

I nfor mati on
househol ds

Col caBetrough

The value f

the EPC

whil e

(m?)
118
96
81
98
98.3

Solid

Cavity
Cavity
Cavity
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Heating type SAP

Mains gas
Electric
Mains gas
Mains gas

2. Det aiplrso poefr ti es

rating
64
59
71
60

63.5

8!

PV system size PV system ownership

(kw)
3.2
3.78
3
3.5

Owner

Owner
Rent a Roof

Owner

whi chneeggi sedr ¥get spat ems

abowhi cdther pcoipeedi ¥issthrotewamb I1SedAd2l e hes e
i n Talel &po2oivti alressd dertaup.s of

wer e

Ho me s
or t he
ftoer mac&nsgloci

t hat

ally

| odgilnigk etwhiisse ,ERC.e S

Figu®sha@aws

Technical
Reference
Number
C-01
C-02
C-03
C-04
C-05
C-06
Average

the dawefl ling

only
fl-odrwas eaof orntlbudedt oh gd20i@t

had

s ol

ar

PV i

t he ¢
nstall

wa S

rentted hleueEPL| @aw.s elsts oirs m,

AP r

at

ing

pypeerties

of

i n

83 may

t he

not

study.

reciengr batteries32tWidrsd awdresd drlacled ho2a&.eld%ardd9
terraced-dendchemrdi houses. There were also 3 in det
Dwelling type Floor area  wall type Heating type SAP PV system size PV system ownershig
(m?) rating (kW)
Semi-detached 74 Solid & EWI ASHP 74 3 Rent a Roof
End-terrace Cavity Mains gas 3.75 Rent a Roof
Mid-terrace 82 Cavity Mains gas 77 3 Rent a Roof
End-terrace 70 Cavity Mains gas 70 3.5 Rent a Roof
End-terrace 86 Cavity Mains gas 78 2.9 Rent a Roof
Mid-terrace 65 Cavity Electric 64 2.25 Rent a Roof
75.4 72.6
Tabl8 2 Det aiclosntorfol properties with solar PV and no
Al
Househaolds 26.5% 32.4%
(n=34)
Monitored
(n=13)
Controls | 6 33.3%
(n=6)
0% 20% 40% 60% BO% 100%
W Bungalow  ® Detached Semi-Detached Mid-Terrace  ® End-Terrace
Figu®e 2Chairltlustrating the type of properties among
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t he

moseh ol @&d,

hagain

rtt hi eo nh swoeér leclsnéi-thp ir w p o e d

hous

ot her

househelrdacwdar @romplei

(Bousocers 38. 5%obhl )heThe

and sdemiached, with 4 households each. Aimemgatled, 6
2 mia@rraced daredalt hedmi
The floor area of thefipgelmPAmbhags aioku stetheod arse dvhiirc h
received i, nsat dlolhatihme®rf 0 2hlastll .080sb at waen 5C¢ amd 99 m
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Details of solar PV and battery installations

Technical Storage Predicted
Reference Install Date  Battery  capacity PV Systen Inverter Roof type generation on Other installations
Number system (kwh)  size (kW) MCS Certificate
T-01 19-Jul-16 Maslow 2 4 PowerOne PVI-3.6-TL-OUTD  East/ West
T-02 14-Jul-16 Maslow 2 4 ABB PVI-3.6-TL-OUTD East / West 3300 kWh Solar iBoost
T-03 11-Jul-16  Maslow 2 2.45 Samil Power Solar River 2300TL 165 South 2176 kWh
T-04 28-Jun-16  Maslow 2 3 - South
T-17 26-Jul-16 PowerFlow 2 2.82 SMA Sunny Boy 2500HF-30 170 South 2396 kWh
T-18 12-Jul-16 PowerFlow 2 2.88 SMA Sunny Boy 2500 100 East 2401 kWh Solar Thermodynamic:
T-19 19-Jul-16 PowerFlow 2 4 ABB PVI-3.6-TL-OUTD SE / NW 2787 kWh
T-20 29-Jun-16 PowerFlow 2 1.96 SMA Sunny Boy 1700 155 South East 2068 kWh Energy Recovery Syste
T-21 20-Jul-16 PowerFlow 2 3 PowerOne PVI-3.0-TL-OUTD 160 South 2682 kWh
T-31 01-Aug-16  Victron 3.12 3.2 SMA Sunny Boy West 2733 kWh
T-32 05-Jul-16 Victron 3.12 3.78 2 x Diehl AKO 2100S North / South Immersun
T-33 28-Jun-16  Victron 3.12 3 170 South
T-34 12-Jul-16 Victron 3.12 3.5 14 x Enecsys 240-60MP micro South 3307 kWh
Table 2.14 Details of the 13 battery-solar systems which made up the monitored group

Details of the monitored group of 13 battery-solar systems are shown in table 2.14. All the
properties had pre-existing solar installations and these batteries were fitted between 28 June 16
and 1 Aug 16. There were 4 Maslow V3 batteries, 5 PowerFlow Sundial SDM 2.0-500 and 4
Victron battery systems. The Maslow and PowerFlow batteries used 2kWh Lithium Iron Phosphate
batteries with a usable capacity of 1.6kWh. The Victron battery system comprised several
components including a separate Deep Cycle AGM Lead-acid battery. The battery used was a
Leoch LAGM 12V 260Ah battery, which had a total capacity of 3.12kWh. Although lithium-ion
batteries like those used for the Maslow and PowerFlow battery units can regularly be taken to
80% depth of discharge, lead-acid batteries should only be taken to 50% depth of discharge.
Therefore, the usable capacity of the battery for the Victron system was 1.56kWh, which was
comparable to that for the Maslow and PowerFlow systems.

The PV system sizes ranged from 2 to 4 kW in size. Some of the larger systems such as T-01 and
T-02 had roof aspects which were facing east and west and 8 x 250W panels were fitted on each
roof. While such an installation does not generate as much over the year as a 4kW system facing
south, there is greater generation from the system in the morning and the evening, which can
improve self-consumption. Household T-32 also had a split array, but in this case 8 of the panels
faced south and 8 faced north. It is possible to estimate the annual generation from each roof using
the MCS irradiance dataset for London (Zone 1 for the UK)*’. Assuming no shading and a 25
inclined roof, the MCS method suggests an annual generation of 1928kWh from the south facing
roof and 1240kWh from the north facing roof. The installers fitted separate inverters for each of the
arrays. Household T-34 had 240W Enecsys microinverters on each solar panel, which enabled
each panel to operate separately. All the other systems had string inverters. For these, when a
panel was affected by shading, all the other panels in the same string would also see a decrease in
generation.

Several of the households had additional equipment installed which could use solar power to
generate hot water. The Magic Thermodynamic Box at household T-18 was a separate solar

17 Guide to the Installation of Photovoltaic Systems and Irradiance Datasets, https://www.microgenerationcertification.org/mcs-
standards/installer-standards/solar-pv/ (Accessed 13 August 2018)
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thermodynamics hot water heating system.!® The Energy Recovery System at household T-20 was
an advanced solar immersion heating device developed by PowerFlow*°. The system uses any
excess solar generation after electricity has been diverted to the PowerFlow battery. The
Immersun and Solar iBoost are other solar immersion devices which use excess generation which
would otherwise be diverted to grid?® 21,

Details of monitored households

Age of all household occupants

=510 15
3.3% .
16to19in FTE
16to 29
30-59

= 60to 69

=70+

Figure 2.15 (a) Household age (b) Occupation (c) Health conditions (d) If the health condition is made worse by cold

Interviews were carried out with the 13 monitored households. Analysis of the age of all the
occupants of these households showed that 43.3% of the occupants of these properties were in
the age range 30 to 59 years. Figure 2.15(a) also shows that the next most common age bracket
was residents over 60-69 years. In total over a third of residents (36.6%) in these properties were
over 60 years. There was only a small number of children in the households with 10% of residents
between 5 and 15 years.

The occupational status of the householder interviewed is shown in figure 2.15 (b). 7 of the
householders were likely spend significant amounts of time at home, being retired or not working
due to a health condition. 6 of the householders were working full or part-time. There were 6 of the

18 Magic Box International https://www.magicboxinternational.com/ (Accessed 14 August 2018)

¥ power Fl owés Ener g yi ER®AdwarcedrSylar Bhynerdioa Heating https://www.powerflowenergy.com/solar-water-
heating/ (Accessed 14 August 2018)
20 Immersun, https://www.immersun.co.uk/ (Accessed 14 August 2018)

21 Marlex Renewable Power i About the Solar iBoost+ https://www.marlec.co.uk/product/solar-iboost/?v=79cbal185463 (Accessed 14
August 2018)
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