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Executive Summary

This sepmati ses research undert akeevnt éfr Tr ansy
interaction between energy sysTheinss saungdeceritect r i
Scottish Gsovtewinnrmeanmibi ti ons of encouebhgtchgi wi dg
plidybrvetdi cCE¥s/ PHEBMWs )develeoccpuirneg ausst ai nabl e an

af fordable electricity grid.

The regoiimformed by det avwbleslhatphaeabclbugahd t og:
di verse range wift hs teaxbpeehrethieseey ¥ sEWSTems addnt i fi
arange of reaedaoppo,ssfuresmielsectrical distribu
smart grids to energyemakanesiaréevemowmenth and
furtimergrati on bet waemsgtsrtaenesspeo rdte taenrdmi ned. The
opportandtdesgsel opment areas itdheinst irfespecdr tanet pee

context of the overall policy |l andscape.

Th8cottish GsEMercimdrcti t yolGednetr eroa@aithS Pd tolsa n d
generatidal mvgar: a secure source of electricit
consumers; be | argely decarbonised by 2030; ar

ecmomi ¢c benefit and competitive advantage for

Transports SSwittl ameld On Sctoot |Vdindde sRporaedanta pAdnopt i o
Ve hi Zcelxepsr e s saensb itthieon t hat the energy g-rid is su
managed to accommodate changes i rE\detrmoa nsdu p paonrdt

the devel opment of a cleaner and smarter energ

These are compblietnmkdmtsa.rrye@ort shomasnyt hat t here
i nterdepebnedtewnécsisersi he ener gy sectorheand conseq
wi despread BWwipltli omawd both positive and negat
systems. Furthermore, eneealgsy fprodm ctyh ea nedn ebrugsyi nse
of fer the potential t o Aacpcreo aeantdiriveee d hat eigpt ake ¢
consi dertehtei car eaafsi n dtelmitd of vitledgseorretfi erled s i gni fi cant

b

i n ot h sectors

Key areas i:dentified are

!Scottish Government (2013), El ecttrpcitlyi Gelneh Atz @vidPol i c

URBAN FOREBDBHERGY SYBTEMSBCHRARI C VEHI CLES 1


http://bit.ly/1LzaVdh

Smar t sgfrfbodmef i ts to the electricity indust|
EVean biemmporctoampto we nthiny Stheimt h t he potenti a
captiumrteer mietnteeavratb | e ener gy and bal ance ener

I'n terms mandee@tedt liasn de x p eccotpeed wiot hi nncr ea
total edemamnd cfirtogm f Bty r dh owptvaek e tdhfer e may
capacity constraints whwoptovonki ddar itrhge tl e a
Current develndprménty enfaanmadg erde sdp o n saen ds tdraa tae g
gathering and analytical intelligence for
these coetvediopth’mmaggang point comheotiadnh opvo
DNOs to maintain greatethrsmies wbrkisty and co

Thecireased aHE\VWwitlilonprodvi de storage capacit
intermittent | oads fr om nrteengarnaaicdca ogener at i
generation and incr.8&easelhidhergyppleifdatci emsyo
batter ilesso chaen baean ewiidcei aveanreinegtyy sotfor age appl |

There is an opportunity for Scotlandanto ta
industry which is seeing a number of Europ
research andadevel o gment

I'n tedomeelfda iicndlr asr ededMBar gusgng a fixed
dedi cat edutdoesk eethe preferred | omg ttéhrem char

communication functionality of nodel 3 corr
whi chi cwens toTlheviehopease of smart meteri ngq
households and mode 3 charging included wi

fut-preof thes@omuumai asgare currently expos
di fferent messages oeredhéawongbegc!l ahi ¢h echay

There is the cphntod motgii eels faomrd tbusi ness model s
accesos existing electrical @ wtrleeatt s fhd rg hc o mr
density public charging networks .to suppor
VehitcKappl i caarte obnass @ld rem thional charging, tt
charge and discharge bet weammdev elbinclea sn eadn dvi
usi ng & tEa/teisomn el ectrical sinkeghbh&stuedan be
applications pocowlidli nge em¥¢s gy for homes (V2
widely (V2B) angl ¥ otro btripea deelre csturpi ¢ gr i d (V.
There arag emasnyf the wider EVnseouwlyd nhaarvkeet s v
significant i mpact neswadch oams dbdamhagwmoiiBvYy ager v
model s, product bundling, and innovative f
service companies. The full realisation of
energy mar ket will relyushrg mkplofipbapew
model s and creating new value propositions
Anot her i mportant area of alignment is con
considerable potential to align initiative

transpomaoet ¢ ot pe ouptake of EVs-aavmd em@rse .gen

Scotti shs Cooovremintmmeenntt t o devel op an integra
uding heat, proewerre saenndt st raann sipmoprotr t ant oppor
areas of pol ieay. i@itwermrdetpleendelnci es bet ween tra

recommended that Transport Scotland and Scotti

FOREBDERERGY SYBTEMBCRARI C VEHI CLES 2



work closely to develop and i mplement this str

energy systems adels parceceed eadadpetsi om of EVs.

To achieve this, it is recommended that Transrg
work with relevant partners from industry and
i Support collaboration beittvhe ean rtohlee dinf freerael ni

potentivaln sfmart gri ds.

9 Esthbhidialogue on grid constraint to anti
i ssues resultinBgvdrom charging of

T Explore how policies BWs @ulodnoh el g h&c aitplt aarkce
| eadpionsgiitn omew technol ogies and business mo

7 Contithoueexpl ore how planning and building r
encourage the inclusion of chargtag infras
maxi mi se the bengfitsionfegmati on

T Il nvestigate the oppor-tXniapipé¢s cattfi emesd amyg W\

mi ght influence charging behaviours and i m
1T Review important developments in energy te
t he yl iikndlouoeeVn caed ophdohow i ncrea€iVeg grhumber s
stimulate further investments in this area
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|l ntroducti on

1. 1Purpose

This report provides an overview of the interrg
energy systems rapSocppmgbhbdScdohi sshk Gawear nment
ambitions of encour ainedodwi dpélsipdewlade hidolpe s

(EVs/ PrmbEMs )develeocpirneg asusst ainabl e and affordab

The report draws on desk resetawwdr k Sndpgtr vi ews
brought 3Ilpgetheirpants from across the public e
Appendi x

Background

Transports SSwittl ameld On Sctoot |Vdindde sRporaedanta pAdnopt i o1
Vehi<%«elxepsr esses the ambition that:

IAs an increasdinngermimbers efntelrug he mar ket
grid is suffimomaemagly tobastcoammddadlalrdrmyerc
key opportunity 1 s toi nfuvlelhyi crleeasl itsoe stuhpep opr

of a cleaner and smarter energy sSsystem.

The rogdmapon to identify four related enabl il
T The electricity netwotrakes wviprmp peaulgi d lnecsr.e as e d
T Electrical infrastructure is futureproofed
T Links bet-weewebiloaolges and renewable el ectri
T Managed recharging and advanced energy sto

The folldwiieaginsacftor the Scottish Government to

ambi taroensal so i denti fied:

9 Transport Scotl anesttak eehsotl adkelri sghr oau pmuwlint iener
review the challenges and opportunities an

advice doanguprdiivate sector organisations.

Transport Scotland (20h3).,p:3wibtidhdd /dmBXHdtgql and:

URBAN FOREBDBHERGY SYBTEMSBCHRARI C VEHI CLES 6
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1 Scottish Government to consider how best t
aut horities -relaefh imgegplodi octpdprp vi si on i n new

as part of a review of Scottish Planning P

1 Scottiesrhnmenwt to continue to work with enei
depl oyment of tariffs and technologies to

maxi mi se the emission reduction benefits a

1. 3Structure of this Report

Thesepbraest|tihheesl evant poli Tyhel drodd odwhe@iyg chapte
identify a range of issues related to the foll

energy sector and electric vehicles

9 Electricity distribut;ion systems and smart
9 Demand management

T Energgrage and supporting high renewable ¢
9 El ectrical ;infrastructure

T VehitcX-2ppl igations

T Energy markets

Eachapter details the specific mechani sms, k ey

these acti mpadiitsasnatearsild o p p or tcuonnistiideesr aftaro

Conclusions and recommendations are presented

URBAN FOREBDBHERGY SYBTEMSBCHRARI C VEHI CLES 7
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2 .

Policy Landscape

1l ntroducti on

This chapter describes some of the emeaict rpacl i cy
vehicles and energy systems in Scotland. This
characterises the sometimes competing prioriti
security, carbon reduction and costs. This <che
rel evant policy areas including energy consump’

and community energy.

The Energy Tril emma

Th&8cottish GsEMercnimdrcti t yolGeanetr oa@amthS Pd tolsand
generattidal mvgr :saursceec uafe el ectricity supply;
consumers; be | argely decarbonised by 2030; ar

economic benefit and competitive advantage for

Carbon emi

THE
ENERGY

TRI LEMN Secuei ty

energy supply

Energy
FigeieThe Energy Tril emma

This reflects the need to balance sometimes cc
referred to as The EnefFgyg@Leitlheimemar & cAare csithlaawdn o ii

energy security, carbon emissions and energy ¢

®Scottish Government (2013), El ecttrpcitlyi Gelneh Alt z @vidPol i c

URBAN FOREBDBHERGY SYBTEMSBCHRARI C VEHI CLES 8
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Energy Security

The Scottish Goedrnmant ehgsasdteguatesbeoealudi bg ¢
the first prioriTthyi sofr eecnoegrngiys epso Itihcayt. publ i ¢ ser
businesses all operate on the basis thhaean a rel

needed at an affordable cost.

The security of electricity supply has been a
and UK government in recent year ScoTheanSlcaditst ias
substantial and r el i athy,e wietth exwerr taeerquwdr tedre cd
gener ati on e x“Horweevde ri,n S2001t2 a A dies epnaerrtg yo fmaar k&
t

herefore overpapllly sneeceudrsi ttyo odbfe sduenwsild e rTend sa th ats
the Scottish government to raise concerns abou
forecasted demand and generation in coming Yyee
see D0 %t lrse ek sa¢ti migc iett pomep atAd ysneelouri ty of
ener gy wausphped ysub Seotpakchaameqgtiar yp winl icisthse d
findi@gtsode@ 1°5.

I n addition to ensuring a reliabl e suphpaty of e
the supply is oThasdedqualidt yutahi ¢éyhol ds rel ate
frequency or voltage, out side of which equi pme
sl owerr )even fail uAelsacgel dolrtesg¢ tldee vd arnt i oaauder
reliability problems which should be avoided t

appli dhcwesr quadleirtefseiresnt i al etbrtbhety distribut
operatoras( wWeO¢$) as to customer s.

Anot her i mpoorft aennteragsyp escetcur ity i s import and e
electricity, there is a | arge focus on intercc
means of ensuring a reliable supply of affordse
The UK is also depesidlenftuelns i fmprort etdh feolsectri c
transpoAtt hoegygb. Scotl and is a significant prod
been a net i mporter of oil since 2806j!l widemano

“Scottish Government (28ldpcunbtegsefnguppbyl andthe GB EI e
www. scotl and. gb004686/ Reg61ut0e. pdf

Spataru, C. ettaldm 2@didniod ofngr reaching climate target:
http://bit.ly/ 1g6V5JX

Scottish Par IEicomemty,( Ehke5)yyy and Seacui it ymo &Go Semietrigyeds uppl y
http:// www. parliament.scot/ parliamentarybusiness/ Current C

Cl emdlgns, K. et al (2010), The I mpact of Charging PHEVs
ht it . 1ly/ 1C55AaR

URBAN FOREBDBHERGY SYBTEMSBCHRARI C VEHI CLES 9
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in 2ulp2 from 20%1i and 8&(Bi%wg RBhle l0®W outl i nes whe
i mports are sourced). The transport sector acc
t he K liln

Russia
8% Algeria
16%

Saudi Arabia 4%
Americas 2%
Other 5%

Other Africa
11%

Norway

43%

Nigeria
11%

FigaeeUK crude oil i mpbrts by origin, 2014

A recent study cites that eliéct mpordear ycddlond ¢
dri'svefruel bills by £13bn %f deployed on a | arg

Qarbon Emissions

The reduction of carbon emissions has been proc
Scotksar®20 t alregetveirs tthe equi valent of at | eas
consumption from rené¢walsl evealchhyi cc®vbi2mBga cidnt t 4 6 %
2013 .

Scotl and is, however, a net heex pScrottetri sohf Gonveerrgny
haal sbearly stated that it envtios adeasy tahne rinmgplo rg
relin Scotleard gy'ThABO0R20Oetarget is not andarbon |
thereforendad hreerset raircet i ons on the aimotuht afstems

a whol e

Sl nternational Energy Agencyh(2®i4)Y biEnérnydgyLSba@Blzy Secur
European Commission (2014dtpEMN/ ICrudley OiL4P@PlOrt s:

“Cambridge Econometricss(EQLEye: Fuelling Britain
http://www. camecon.com/ FuellingBritainsFuture. aspx

H“WWF (2015), Pathwayss tRoouRcewetro: C3dcecatnl aBRednewabl e, Secure E
http://bit.ly/1JkzZpNd
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The | atest avai lsahbolwe tfhiag's rSgsoin2abhigt s appr oxi m
271gA&xQvh, considerably |l ess than 't hei glest of t
renewabl esMosrecwoty@®nt sa2®30 target is to achieve
intensi €@ Whf o50d ower .

Reduction in carbon emissions i s Eamicslsd arn sb & moe f
grid powered EVs in colmdveabsedn enaelfgwlr styd dnetss
greater than those wikrHbwekotlwe caablboneil eicemnsict gy
not just down to how the eleencompaysesedmissi
for vehicle manufacturing, dimestsigmnisd dami $ Disc
EV emissionfhaiver beleea UKlapwlr@atxeé dnatf @d kyle @ 0f2rgom a
broad mix of plhwer fwidukies . b wer Scot liatnd due t o
renewabl e energy capacity.

A key message i's emeat gwiiihx t icadrabdgccro til oeftnedB ¢ st thiyes ¢
| ower than equival enEl efcasrsiicl véelhs bcll eedsd vaerket c | e 8 s
twicefaisci ent as internal comAiast earwabfgenenee

capacity increases andediernt dspri omoswéwa 1 h & retdsu caer

At t he st akehsulndeerr tvaockrekns haocsp part of tthtiag st udy
repgdrigures coulsobeopswmercedcan see where chai
l east CO2l Wwas eamlss ®d ysuggeshe db @ rheft i odutratlw dtwodr datchce
positivEeVgonlehefwi der, eherggxamptemconsi dering
energy storage and for incorporating distribut

system. These areas are considered in more det

Bnergy Costs

The third and final aspect of the energy trile
comunistcyal e el ectricity is generally supplied \
bal ance costs and service |l evels, mawkiamgd fiom t
net work prices with an independent refjobmt or ,

monopoly network operators on behalf of- custon

2Shrink That Footprinth¢(200@) pbHESBEWHdEs of Green:

“The carbon impact of electricity involves using a single
average of CO2 emission per kWh of electricity used at th
compositiomedf ntilke chkhnfges. The website, Realtime Carbon
intensity. I'n one instance figures s hhoowerd paerdiOo% .di fferenc

YWWF (2011), UK viewpoihritt pon /eéliectlryi/c LwHe Kiyel e s :

URBAN FOREBDBHERGY SYBTEMSBCHRARI C VEHI CLES 1
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intensive assets operated over decades, extens

for all parties around the rules, costs and be
The nor mal functioning of markets suggests thea
supply and demand for electricity will tend toc

electricity.

The outl ook of future electricidcdgl precersormisc ad
social wvariables and thereforeAmalny vies hlay dt h ®
Nationalde@ti d isee& nfapuri ioacsee r mmmmg e d rb ouuprp@erofu n d
£10p0er me ¢haow@Vh)i n 2t0c3 0a -d muwred wher empincas £50
MWh, similar to'®the | evel in 2014

The Department for Energy)apdaoahaidmesttgriiCtietsyge (
wi | | trhfeud Girme, |l i ne with a continuing trend of
supp'Hpwever this is in contisawhotereadtiichngs$ hag:e
remain | ow as aefrfeiscuiletn coyf geanienrsg,y t he i mpact of
reinstating of previousHliyt shhaesl vfeud tghaesr pboeveenr npol
DEC€projection is contradicted by the Ger man e

prices as renewable apacity has increased.

One factor that maywsealuse threi cd D-wivad ei @dr @l aa $ ¢
of tPe LBU ge Combustion Plant Directive, which
into the air from power plants with a ther mal
after®HAE®i8Bgtitngg @pdemati ng before this date coul
upgrades to abateoudami wisitdind heor adpgter meaning
by the end of 2015 or after an adW@ditional peri

“National Grid (2014), hFuturé nEnedgyo®c¢céandHiyos:
DECC (2014), Annex M: Gr owittht pAs/smnptti.iloyn/sllasnd Pri ces
YCarbon Brief (2014), A detailed |l ook at hwhy:théiful yrédsa

Mooty (2014) , UK wutilities face rising reigrudrmmenrty: and pol
http://bit.ly/ 1GNOOVT

YEuropean Commi ssion, Lar ge hCotnbilu/s/tad wmr Phandé s/ Dégalct i ve:
content/ EN/TXT/?2uri=cel ex%3A32001L0080

URBAN FOREBDBHERGY SYBTEMSBCHRARI C VEHI CLES 1.
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2. 3Energy Consumption

I n addition to the trilemma objectives of <cost

area of policy is energy efficiency.

Scotl and has a itnamrhgeetgyt o orbstlthepe b O°hHO e v e r
analysis for the iSthitddtdeasn&witéetr nimanrtease by 18
2030, hargebfgsuhtreased el ectmoi RAOB&t i on of hea

The Carbon Reduction Commitment ?22( GR@yiIURner gy E
policy designed to incentivise ilmweset mrenretr giyn ue
in the pubkiseabhdnpiScoatlt and,ultlherae tarcd plan2 s i
s c he’he

As noted at t he sdgfadkre htoh ielde &< twiodr Vaisda@thii @n eoff | eet
good example of an investment 'swhiaclgeddmbil mgadt

reduce electricity consumption.

It avhso reépatt éddi vi dual s may not explicitly t
t her @afher e€¢ healolfempg omot icag &dff doif daddwets swashi s, i
suggested that a holisanamdvivea wdwatedt ico nd red tturad

energy use could be beneficial in encouraging
consumptoiroexampl e, eil mcwearlpicohastd n@r een De al As s e
was proposed as a mechaniiwindeemapoweuwnltd aill li mns dr
eners@EWIi ng.

Anot her suggewoi bswdpomhbhhieng mechanélbktsi csuch
vehircolaed user charge or a GPS based system tha
based on t heicroutlrda vealld edrrdosftiilvees t o raising tax

means of reducing consumption.

Moreover, it was adwvbeawiedet haatliecviefhb erdtessi ng
may help offset concerns aboutEliencoterbiacc é@ seloé ¢ ¢
a significant opportunity for reducing carbon

from fleets asnamdilalasamd fepemat ifonal benefits

“®Scottish Government (204Meet iLrogv dcCwarr bBmi SSsiod d sa-@Reld’/uct i on
the Second Report on HPtotlg:c/i/ebsi fa.npdy OPAr @Np7oG&rl s :

2’Carbon Reduction CommitmenthtBEnper/gybiBEf. fliyc/ileIn5cSyX NFc h e me :
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2 .

4 Smar t Met er s

A further area of energy pol i ceyl etciitarhiicof Esr ssat
roll out of smart meters. The UK Government he
should be offebgd29m@rt fmetdrmst specglyybsogpliel
responsi blemdmtr pmdciuhbt dbmastt bar edts ttoanelr e

provided withBkmargtdiedpglronecapabl etiomedel i verin

information o0 consumption.

It waoest edhwar k shbptnumber of energy sUpepgxltirdarcs a
vehicchlae gi ng sol ut iaomds tfhar timde elygomd i on wi th th
deploymepbteonédldeg i nstallation costs and ena

consumptichrarfgrn org .

Howevietr ,was al stohemnogmar tt hméeét eri ng programme i s
scal eurtolulnt i It haGtéh @&meér gy supplier ientfitting
rates and with ge?Threapltiad ®1 awnar icaotmpore xi ty of
l'imit the potenti al for integration with charg

Tari ffs

The Switched On Scotland Roadmap identifies tFh
tasi EAn promote ropthmabi ebeatritbety price for
reduce the opeid &todtarhgicclosst.s @fe such example of
case study bel ow.

Case stecutdrysciEeyyuced ownef$ for EV

Ukbaserdeegn energy supplier Ecotricity offers
domestic electricitwhbichl snarXkeéscodmiamgt agr €
compamntyat es that this discount ofé&aetrsl1E¥OdTr:
of el ect ri chatuyn cehaecdh iyne azal 1g4d,v etchues t foameEfshcces s
EcotisiEdietct ri c-aHilkhday netowenm ke h@&af5 gi ngoper nhgyg
the entire motorway network in Britain

Howeer, the UK E%®etgy a&aclti @i0tl13on the number of

domestic consumers, which is a potential barri

?0f gem (2010), Smart Meter i nhgt tlpmp/l/elmetn.tlay/i oinHPAIgr amme :

“Smart Ener gy @B,p pHdw pigt! / bit .|l y/ 1CJEG6CT
“Department of Energy & ClimatetChavdéeBE2EGs83), The Energy
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http://bit.ly/1LHUAmI
http://bit.ly/1CJE6Cf
http://bit.ly/1BGxGsu

el ecvterhiiccl es. The Act also requires tohre vadtucema
closed tariffs to cheaper deals and requires t

consumers on the best alternative deals avail s

At a more baviwmgs$eorlrunning costs for EVs are
cessoveranght | ow raTienoeld seecTtQUpcriitfyf st alravief .be

nd to encourageumechhelgavi ouccharghnftongsyv

QD

_..,
- O O
c

peafi ome ak *dlehmmasndcan al so offer energy syster

o O
<

eatl demand Rrdodwpreei ode(dascussed.)urther in

W)

scusatihenakehwolrdkeshapi s study suggesnteedgynew t

—

iy be requir eal ecvterhinocsedrhtiisv imeynt eqduceng a
cond smart tnoet ear stegp amaantievi ¢ bhp plawy pféeot oEBVisov at i
arging costs. I't was further notceodultdh abte si mg
unterproducti.veRemenbatwae sgpiecen to Article
14/ 94/ EU on the Deployment ofhikthtaeresat hae Fu
nsumers are able to contract elecnhgi anewy for

o O N O O O»
o O O T o &

siness models to sell cat’s with an electrici

c

Community Energy

The Scottish Government has a stated ambition

energy for communities. This recognises that c
projects, over and above the energy generated
renewabl e energy projects can bring increased
skills devel opment and support for | ocal econc

The UK GovernmesitfirrdteaCGemmuniitry ZoOok4hgey pStsruathe
initiatives grow, expand and inspire others, s

sectdhe stsmattlhglommunity | ed action can produ

energy use, gnwyamndegranedneand purchase energy. It
more effectively than government alone, develc
involving |l ocal people. Putting communities in
wi der benesfibtusi Isduecnhg astronger communities, cre
health and supporting®local economic growth

“Energy Saving Tr ushtt,t pEIl/e/cbtirti.cl yVelhliucZlieSsl:

UK Power Networks (2011), | mphacttp:andoiGonityr/ollClotfr b2V char g
"Eukbex, Bmsogmomevards compl eting thhtet pl:nt/ebrintall yEnleaMlyf OMar k et :
®DECC (2014), Communihtyt pEin/e/rbgiyt .Sltyr/alteergfylt Y
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At the industry roundtable for this study, the
asfarfuoor stakehol dertsoaemgage Swiot h abMOs and Of
opportunitifegs awanmuab It er giyn cpernotjievcet senebDoi ng so

potennvabkt ment opportunity for smal/l projects

Nesta has produced a report offering insight o
energy systemdoondkhbertemd utt uafe.emer ging opportun
t echno,l oigti eiss recbommahdaedt hbatties and communi

toget her tea earnedtoecallomegher gy 4thi atke qpige podndaifes

Case study: Communobt yi ewgoetrlaynfde nd Sm

The Hydofdgere in Met hil , 'skiffier-sitse ghtonnilec twvoa nt.h e(
Shopping and Support Services (FS&SS) it 1is
el derly residents in the area.

The initiativerc&B&S&8bdwindafng was reduced d|
a bid to still provide the service at a redt
generated wi ndt erfnii esruesdt aai naobnige sol uti on.

The van is power edntf ratms Mélyclhiralo ggeé m gOfpfoiic e, wh
750kW wind turbine that generates heat for t
el ectrol®Bhhe giltamthas been offered,ansd avhpmni n
required ibwyi IFIS&SeS s eldy dbiyogen Of fice as a de
green technol ogies.

The electric van is significantly cheaper t}
estimated £0.15 per day invedhntl &stabvti @ gt€tOa r £
expected to be approxi mateltyhweedi’tdbenes over

Di scussionhakéehotheer wowklighgpl fghtetdi shat c¢ommu
generation is important to cr eHotwienvgerge rcwisnel ya
high for acc,eswhingh tdaen ghe done of the biggest
community energy projects.ewvEnCeCa spuroepso siend 2a0 1sde r
support community projects generaftiogt upodstos 54

suppor-taf snudg.

Some community energy projects may struggle to
tax relief announygeidnb®bieseteh eT rreeamsoval of i ncen

buil ding new r enewabllrev eesnteargsy ismoucocnensuni ty ene

®Nesta (2015), Localusegreerigy :i mprermseagd ngf tehe value of | oc:
http://bit.ly/ 1Pbdfat

®Community Energy Scotland, FB®&SS: CoOmmuniyylBElI edvaic Van:
S'SHFCA, Hydrogen OfficeEieocFrhet Maktbi FirgtlWrhdk1

“?DECC (2014), Government Response to the consultation on
Feeidiari ffs hSdtpemé:bit. |l y/ 1GQh11B
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l onger be able to benefit fromeESteedpENs$er pnyve
I nvest ment Schemeeotr me iiRte | BEax i al I n

Case stoundayn:i tGy energy i nvestmgelnandnodel , Sol i

I nnovate UK granted funding to Encraft, Cence
community energy i nveatrmamtusmadeldbfvernh opo ats s |
solutions giving communities ®feater control

An integrated package of technical-280but i dne
supported by a commerci al model which reduce
the technologies. The package of solutions i
|l ocal electricity generationgfseygmtembari pant
modern control technologies and energy store
The idea is that widespread deployment of tH
stronger |l ocal supply chain for di strrainbsutte do
more efficient national energy sysitem and | ¢

l mddition, t hel davtlerhiiidonéteeegfriatt ooofo o mmuni ty energy
may not yet be fulld&/apphi caedoas aedislill in
(di scussedChapt)beAt7imresent ddwedied |ampltiecdattioompr
transport and storemgr gtkhdea ¢ ,3n 0mventehweayb brea yu s e d

increasingly in demand management scenari os as

so &duvuether developed

't was sufglygsetsatkeedh oilnd esf owo rtkhstheoaps t 8'd g pramd nent

positionsi nenkeewabKe settakre d towl di exscaben tiitvi si ng
energy and comnfunciittye dp reoxjdemeptlad. Vitamseragy Chal |l eng
project in Orkney that usecoempress edl dbhdirdogiesny

then converted to electric power for buildings

®The Guardi GoavérOmé&nt to cut tax relief flotrt gpo/mmuint tlyy/gZie

“I'nnovate UK (2015), -Reselhratefd Somppé¢tyi €Ckhedsns for Energy
http://bit.ly/ 29VMtblJ
E

“Local ner gy Sc o tnlTaunfdft,:t ©:r k/nkeiyt Sluy £ 1 MWr D3 N
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3

Electricity Distrib
Gri ds

|l ntroducti on

Thimsapgbei ek plyaienlsedthrei ci ty di str i butiion rsoydsutceens
t heoncept of .al dimaldussotgrredltdecsterhioow|l es can f orm an
componeantsmafrt grid

The Electricity Distribut,

Electricity supply compriassesmi swoohi akhedddsgstert

T El eicdirty tr amsens svsdilgtmage A82wOOKWs vl ts (132
40,0000 #0OKM)s i(n Scotl and) fsrcoanh et hgee npeoriantti oonf
to large users and into the |l ocal -distribu
vol tage trpeasemmssaone ewned and operated by
in southern SScEo tPloaved aridt ri bubi ooar Thans mi s
Scotl and.

T Electricitytakessrpbwei ofnolomagdédet hagédmi ssi o
and distributes itntdos thwstuenmreped at Scxoatl a
240V and 33,000Ilwnoltthe UXK3kV¥Yhere are 14 1ic
net work operators (DNOs). The two Scottish
SSE Power Distribution

The movemendg mderagwa rdd sarmre®he k pet treedsutidt e i thr adi ti on
role of distributionngetwomkmapagpamenseefmet wor
a distribution system operator (DSO) model the
optimissation.

The industryndeumnakaml|fefor this stodfdeanhé ghl i ght
' imitedoWwi EVbcUustymers asking for charge point
concern thatintrebstwowkreafety coulltd baes compr c
suggested that movement ,twWwactsodfBPEO® mppeoactek
control onwaoaulndethwolrpk ,t o nailmbevi atf e i tnlii i dAal pr

currently assessing DSO model s.

*Department of En
https://www.gov.u
Rout emapFfi NAL. pd

gy & Climate Change
go s/

Smart Gird
vernment/ upl oad |l o

ads/ att e
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3.3Grid Connections

A number of teshaieainsplhadardo govern the req

connest iThrese standards serve sever al purposes

i To allow the generator to synchroei $ecwith
di stribution networKk

1 To protect the genermapyrodcwom amyt iaudit st t
net wor k.

1 To protect the distribution network from a
gener.ator

3.4The Smart Grid

The smart grid is not a single entiathbyr ibdut r att
systems:

“‘Smart gamddénhi sed electrical grid that wuses |
technol ogy to gather and act on information, s
consumers, to improve the efficiency, reliabil

el ect¥icity.

—— Electnical infrastructure  ——— Communications

Fiug3®1-Representation of % Smart Grid system

S“Scottish Enter prtitgpe,/ /Smar tl yGriiHd :x | s N
®lnternational Energy Agencyht(t2@:1/1/)h i tSmlay /t 1 jGWti @rsD Roadmap:
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Caseusdy: '©Or Akoeyve Network Management

System

Di st
research to address capacity chheasAatai
Management System (ANM).

2009 saw the introduction on Orkney of wha%
all owing the exploitation of | atent renewabl
ri bution (SSEPD) working in conjunction

This pioneerithper éveadahiloa for Smarter IGase
i hhe UK Bahdgdp&&Sésaihi ANM products and services.
Orkney have bleok abde@&i tioomal generation rsve
reputation in this field continues to attracd
worl d with companies |l ooking to innovate fur
An estimabed 4400the |Islands depentfand Oerhkewy
privileged position as 1 of onfRe@i diPsive/t ae¢ e
were setup under Ofgem to research, develop
di stributed generation. Exploiting this to i
and economic development for the Islands.

wnd sNéd tew

The t'emart'cgni de perceived as repr

ener gy sHoweyvresipractice it may be

esenting

an

mor e accur at

devel oprsematr teefre gphalssi si ng their enhancement

modi ficati on.

Smaemgrids offer benefits to the electrdcity

wi t h t hger isdmamatr ket esti mated t o “bHe

tr

i n

wegtelmbi USD$6

success redrmesngnupdetstood and enfaged wi

exampxeperieence with smart metusmldat i

t

h

hat her Blethar

when the commdrsciaale asomsi dered to be more i mp
understanding* of end users

Research into consumer engagement of smart gri
simple, clearl yxhaxpmiso®d®d at moht wi tdaccash édmer s
their needs‘?Bmael Mesti resccessful smart grid pro

¥Scottish Southern Electric Power Distribu
http://anm.ssepd. co. uk/ ANMGen. aspx
“Orkney Islands Council (20
Assessmenp://bit.ly/1LzbALW

“0f Gem (2006), The Innovation Funding Ince
http://bit.ly/1Kfgewyv

tion, Orkney Ac

14), Responsdet oWOFGEMBEadshnNe

ntive & Registe

“?Smart Gri dGB (2013), Smart grifdtt A: Qfleiat . cpoyhsNmeGb@pportu

I'l'ion USD by 20
http://www. mar ket waytr antd.r dveeatr/Gs5tAoi rl viu issbhga ® 2210 10671 3902033110

“Mar ket Wat chmar2to 1&r)i,d Mar ket Worth: 65. 4 Mi

“Hoenkamp, R. et al. (2011), The Neglected
Neg her |lhatntds::/ / bit . | y/ 1Cd9BKI
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http://anm.ssepd.co.uk/ANMGen.aspx
http://bit.ly/1LzbALW
http://bit.ly/1Kfgewv
http://bit.ly/1N5iGbQ
http://www.marketwatch.com/story/smart-grid-market-worth-654-million-usd-by-2021-2016-07-13-92033110
http://bit.ly/1Cd9BKi

public communication campai gn toos ictrievaet ec oanwsaur neer

experiences.

The US group Smart Grid Consumer Coll aborati ve

successful*?campaign

9 Educate customeps$ oyemfeat ;

T Anticipate and answers questions before cu
9 Facilitate community engagement programmes
7 Communi catshihfotw u ssmegekt o of f

7 Depl oyf ruisemrd!l y web portals;

9 Of ferf nuisemdly smart grid enabled technol og

i Creataut hentic customer testimonial s.

Smart Grid Technol ogi es

El ecvterhiicc|l es can serve as one @aommameénprofd e
Tab3lbelow illustrates some examples of differ

highlights the hardware and software el ements

Tab3le-Examples of smar€8 grid technologies

Technol ol]Har dwar e Systems and soft wal
ar ea

Transmiss| | Superconductors, T Proviosfi qoprubl i c recha
enhanceme infrastructure.

T Pldogn car grants.

1T Home charging grant

T Local measures and

Distribut|q Aut omatcddsreas, s} Geographic informat
managemen and capacitors, r di stribution manage
di stributed gener out age management s
transfscernmerr s, wi wor kf orce managemen

cable sensors.

Advanced T Smart métoenre, displ ¥ Meter data manageme
metering servers, relays ( MDMS) .
infrastru

El ectric T Charging infrastr T Energy bil | itravgeh iscnhae
charging inverters. charging (G2V) and
infrastru tgrid (V2G) met hodo
Whil st it is treleedvterditiocthasacoptaketbt | oad on t
also represems$end tthdml stmarlkie grid systems. An i

the capacity to capturetmede malawaiel geawietr gy
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demand for cleaner &nd dcheapegootrdeempin pocdtyy de

more energy through existing infrastructure as
capaciotmment s at the industry roiunad atbh &t fars md
grid architecture can help maintain existing r
i s reduicheadf the technology to accomplish thi:

currently P¢ing tested.

Through net wor ked -vcehhaircgl eep o énktevimehidccyl s can conr

buildings such as homes and workplaces and t he
usetdo provi peoweasdarnven emergency Situasioe, st
and engage in optimisethechEemameg respoins ef or qu e

Wi despread alde oteihidec | ®fs can wirtolviglrei dutsdppgorets t
peak | oads.

S maMett er smea nAdr eltho Net wor ks

Smart meters are a ke*yYSnsamatr tmagthe@mstgartn od fo gy

sophistidcateed i minal commiiniebhabi eabmeemwoi t or i n(
and control of transmi-wsssedroncomds smeari ba#t 8 eotns jacngdu
vehicles, for effective coordinati“®n and usage®e
The widespread instakhaltownelodctsmiacaitt ynetterlse m

peopl ddomes -anther eammuni cation of A Ansetdodt a wi f
end mneldhgy sol uti onbeseunc hf oausn dt htios bheassi gni fi canf

changing the network to .cope with increased de

It ciosnsi posasd bl e for over 50% of households to

optimised charging wiThhiosu tc anne tbweo reke hci heavnegdec b & r g

outbh eitmgnnected to the smart meter in the resi
communicated throsgHomdheAroashNdiiEwer HANHAND vi de
a meansdfogital devices to communicate with eac

energy management .

“Navigant Research (2014), Hohw tBEVs /Gan .Aiyd ltyhwel BSlnsart Gr i d

“Masoum, A.S. et al (2011) ,-i Bmactrl oademanhgement dobtpl b
net works with charging stations for peak shaving and | oss
http://bit.ly/ 1GT2BP9

“DIUsS (2013), Demand management of ésl exmarritc Greihdi:cl e charg
http://bit l'yl/ 1fl1 ZAKE

“Hoog, J. et al (2013), Demonstrating Demand Management :
Ever ylointep: / / bit.ly/ 1BGz4LB
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f

demanadri $ nhitdple eventa odi camale meameme ysent fr

operator t& smaudt omdrer to regutbeochaempogan

vehicle. I n addition, the charging terminal me

operators can inform vehicle owners when a der

pl ace. Notifications could bé,remarvettonker oughk

c

h

Si

d

e

Th

(0]

f

Co

o o

-

t

e
n
n
h
h
p
u
e

arging terminal interface itseltf

milar | oad contr ol programs are being used i
mand ioanrebathe use of air conditioning unit
ese programs are a considerable financi al in
up o $200

mmuni cation between the utility andntmart me
formation suchaas fgriind ogiman @ldsm ocariddth t ¢ st 0 M
nsumer is aware of electricity usage costs,

ke contabledfsmart apol é atediex,] esuch as

shheen suggested that the present operationa
ali sde byility r atchHowetvhearn, cwonrsku mesr sbhei ng un
hance the value of smart meter data -for cons
tvarslioad monitNWIriMgmdgNiItLeis changes in the ¢
e consdomer ®r business, dissectingaghesel ectr
e performance of specific appliances and sys
pliance has a unique signature that can be
il ding. This allows the individualt scomponent

spect iWTehiparatld ows the active monitoring of

speci fi omncagn rseaumcthe | aesettai icd e .

“Clearly Energy, ResidentiahtDemahtdi Respoa&®EdJdBcogr ams:

““Gungor, Vv.C. et al. (2013), A Survey on Smart Grid Poten
http://bit.ly/ 1JBJnDU

Rocky Mountain I nlsntrtwsieveé 2l0dndg) ,QvedhmirBEnohance Smart Meters,
Moneht:t p: / / bit.ly/ 11l FZI Xr
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4

4

Demavachagement

11l ntroduction

Thickapter outlines howelmamnterhpiéd | eBbpggoongi df str e
on he Thisd.considers the overall capacity of t|
capacities and peak demangd,ngasstwealtle gase sma na gheec

additional | olaadcvterhieat €ed . by

OveCapacity

Research has shown that ewdn tah ec Emploegteea ne lveedchtir
woutlt @sult in additiondl5%emagdesfomlgaomudds i8B!l d
cope comfortably with idemamd efsr am faletsuwerical trepctpa
vehi.cl es

Reseaalcshoggests misconcepti omres$ eavbeohiitc Itehse tpoot en
overwhel m the grid may stem frgwm asmi seqdeéer s
charge &BW&Freendback from the sttfaoakehdlidestwdiyks'
suggest eochttelxatu adi incirreg@ $taltiisve to ot her electric

hel p pl aeratne albowect a wi despread uptake.

Anal ysi s ofdittheCrgriiifdo rcendndh agshdowcal grids need u
sere/lee cvterhiiccl es | ess tHHdowd%weofi nhehéimase of v
such as atutiocmaltdassfoboelrd,s tahesxptaicleigtyy o

customdagr dtthas awahieglhhnghel assee upgrades and

reinforcei fgrneceé vaamsy.

Demand RRisheositsreat(esgd ee sSecalisoohf ér 5) heopsesuppor al
high I evels of penetrati areiwiftohrEhkeumetiiter merea, ftc
pot enteilaelcvtérbirccl es t o incorporate additional ge
di stributed erm&EMRBPY ame ex @EENMBtses i(osft i ng t he grid r
adding furfTthege sdamresdi scdastsaidl iinn fOhhdpmteer s 7 a

“Essen, H. V. and Klampan@ath,ofB. El(e®dumiar WweRépgdbrts/ be . | y/ 1s1
“Clean Technica (2014), Grid Capacity fdirt tBbVg /ibs tAdtyu allflCy
“Pldgn Vehicles: For Utilities, hMotrpe: /Qpbpiotr.tluyn/ilthiheYsu Mkhnan CI

“El ement Energy (2009), Strategies for the uptake of EVs
http://bit.ly/ lgeoXEh
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I't was highlighted at the industry roundtable

price review until 2023 whi ow aachomtseclonol g
such as EVs. It is expeaedtseditbhudati otnhe yismganc twi ¢
smal | . However, there is some uncertainty abou
| evel where this impact may be more significanr

to make educated fiorewiaklt shbefnedeemasnary to acce

anticipated drivers of increased EV uptake. E X
decreases in purchase price and plans to introc
A further issue raised wealsi dlheast a@rb stoH eutreo andu nmheae
best indicatereror ilmpkaeclty osnh otrhte gr i d. For exam
such as taxis and buses are |likely to recharge
considered in demand forecasts.

LocakiCgpa

There are capacity contshezlaeiénthnsitcwate kit dceanls ildeevreilr
For exampl e, a edcemccemitce la¢é $ onomhected in one ar
same subcsamtcdawmse stressedh @ ploesega nodl efrd eodaedr

congestions.

Il nsi ghhesftfrakmhtol degf owmo rtkhshhsogpet udlgt ed t hat t here
specific probl ems whadwe\édpeo itgirte da talte kpeatshsoef nhte

upt ake elsercoinesue will vary gebgdndmhisc ali sy uscsred
gual ity of sswcephvlastiagsueaestop cl uster chargi ng me
probl emhe hater | oadi ng orfidissrbaeh sof usmrsmeirasnwhet her

DNOs should be enabl ed t ouexsarre miumil mitsye d.f s

I't was reported at t hcer eiantd unsgt rgyi e dothuamleivilaNoCr @ fdt h a
connecti owoufldr aBE¥s st i.Sucdt aor lewopuwlndarcobd e al |y
beyond the consideration of EVwo wiidtpd gyr aatse at hceo
into a broader | ocal (edniesrcguys shead afnucritnhge rp rionc eSsesc

I't sawhso dislatmndtd iirm the interest ofort heveDNOs
EV conndédoti odwi dter wrocessthe safwguobntihobdugh

mechasi Bant prevent s woadal ibsee d einsesfu ecs .a | i n add:]

One such basis for thheiast cnoauplsd tbhea tt hied eDUNtAfr e n e
at a distrihfBwtei outlléwmel the areas where a conn.
provide details of the individual <capacity of
l evel of detail, andustehdeyasoes s iple¢aman tadtl igo rose

may be probl ematic.
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As well as considering the grid impact of indi
to consider the capacity of local grids to sur
chargers. This intbudesnbothbet hecawieddeed pyroa &k t
depl oyment of rapid chargers, as wel/l as the s

caused by rapid charging at times of peak el ec

't was di s csusaskeech od td etthheawd r kshvlh tvfp e 1iloeuvse p e we f

are being instal.l eTdhiasc rstorsesld ubdcebst d iy er $ a6 8 (7
22k W)a,p(idB0k Vd)ndes| a Supe(ricchOGakrV)er swasi acoauled t hat
potenhe adcthygll enging to find suitable 4 ocations
pha%¥mpower aunphbBy sometdcsassaeys al so require upgr ad
di stributiPwmrtnted maakep fc htahregseer s ar e bwerilmgn i nst

and usrubban commuoht may place additional demand
gri ds.

I't was futrhatrUKogeidd capacity has narrowed in
l oad to the grid in a short per’d orde od ndtiitijlee atort

Capacity Assessment Report notes that although
in demand over the course oZ01&h/el Nextt Hiisvei swia
out by deteriorations on the supmloy hbid ¢ i ag a

Margins are expected to drop to their | owest i

A key reconfmeonnd atthheoswask ahdpal ogue on grid con
be established between individualmssmwiosXiiomg i n
net woraknst itca pdaetael awidt h any rpectudntiingl firsossl'ueshar gi
el ectric vehicles

Peak Demand

There are variations in the capacity of grids
variations. Theseaepeaks einit | dye mesmtakpprwact phvani s
when base | oad plants have reached their capac

sporadic use they demandnaakihnigg hehri sr uendreicntg iccastt

and typicall y iggehn ecraartbeodn ffroosns i f uel s.

Demand, and therefore cost and carbon intensit

mont hs and seasons amongst a number of other v

“Singphase anpdhatsher eaer e el e cAt rsieqilgthys es spuplpil s .i s prhalsleer t han
supply meaning you cannot use as much power.

“Of gem (2014), Electricity Capagpity bAsséygsmentCdR&port 201
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profile fos daWKfwinereample i ®qhiigleérnthodrecaus
more energy is being generated for heating pur
broken down to illustrate domestic, commerci al

uni que | oA~Ad examplle.demand pFogdiieeli swi |l |l ustra

Peak |
Powe
consump I nt er me
Base |
Ti me of
Fi gdieChanges in electrical demand ovee,aidagrmedi a

and peak | oad

Users tpylpagathgir vehicles —dbrsetxampmes whent e
home fromawasrikng a spitkgemadamd ¢dte¢e &tinhed ecnul an i on of
uncontroll ed chavutgliaatg tskties atréirmmd eantc yp etaock ptliunge s  «
day coul d amelddrn tutpatake of el ectric vehicles wol

networks if no changes were i mplemented
Case sSSHyel ectric vehicle trials

Scottish & Southern Energy (SSE) has been
research into the i mpaictty 6fetEwWsr Waytbenel e
studies are that 90 per cent of EV chargin
bal ainmewor kpl aces poori nppush.l i ¢ charge

Because domestic recharging predomiUmatves si
Strat hccdnycdeent rat ed on the effects on the | ¢
These studies found that the existing LV n
penetration of EVs, even withb32kAmp ¢char g
done overnight when there is spare capacit
simple controls and beneficial tariffs to
is done at that ti me.

Converselyentca ohetlhése incentives, driver
arriving home from work, creating addition

®Huang, S. et al (2G12)n,cokatde mtait @kl niDnEpnecstt r&a cPNVegi cl e Chal
Demand on Power Di shttrtipb:u/t/iboint .Neyt/wloSxk5sB v 7
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existing peaks on the network and even | ow
| owol t age networ k.

To cope with even higher demand from EVs,

devel oped to spread the | oad over the whol

further work with EA Technology inhatcoanr

the potential of the existing networks.

The National Grid currently employs a system Kk

of electricity with the aim of reducing consun
peri ods. dalrthee defiiandesd-hakf t heut §ref highest dema

electricity transmission system between Novemt

by settlement data analysed after the event . T
foll 6T wdmgeagwad in order to avoid charges, cust
potenti al peaks. This helps flatt@®n demand acr

The char gefs3 %arpeerf dkdiplemwldatnty on 't lme acuotnomer $ he
country, mul tiplied by their avehroaugre pdeermaondds .d u
scheme is generally welcomed by | arge industri
to reduce overbyl Iswdarnterhgygbiolflfs,at a time that
demand HEvemtar ges were based on energy use thr
l'ikely D% higher.

Iwas di scueswoerdk sltbpgrthay tbe possible to consider
el ements of it in a scaled down application, f

wheeekeccthraircgi ng i s hoimgbw pepakndéemgntdeg ahamrges i

Managed Charging

Centrally managed de maarde rkeeipmog ske wselroapgesdyitecs a
cluster effecdl evivterhieccthelst icfmlae gi ng i n a communi
on |l ocal distribution griddri Wams gfdionnhtahragigrgign

vehicles at times of peak demand.

One such eanemplgyi sumel 0cBfOWMW e i PFfice variation
charging at different times of the day have st

users £LAhegeratively a tariff might be structur

“National Grid (2015), TriadsttWhy /thhrtee yi/s|t8mepm@agi c nun

I daho Nati on@26)1 ablicreatEd/r yPr oj ect :
https://avkdéfmdulgtonf isli ¢ ®/spdf / EVProj/ ResChargingBehaviorln
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informs consumers a day, week or ho%r ahead

encouraging them to charge around specific per

Vehiclab®epangr ammed to begin charging at a e
pricing begins, therefore act$inmilaarlayfinhecdcls
of vehicles can be remotely interrupted (i . e.
speci méec t

An ability for users to override demand respon
additional costs) wild@l hel p ensure thelAsnuccess
overview of charging | evel and control funct

i mpor-tiarett the current | evel of Icthahagse ,bexmpect

estimat eadendddatd a echnol ogtyhissolcuaulodh Heda kiempl e men

of

tenth of the cost of modifying the net Work as

The development of smart grid infrastructure

demand respons e®Hxp erei earecadgitimmdWaBhA nhebhpeest s

savings made from smart demand response could
years as it can reduce the need for construct
transmission |line% and new pipelines.

In the UK, netwdr kuppératerbave been contribut
consider the inffastofuftt pe aklreecfearhigcé ige o f

depl oyment of advanced metering infrastructure
catrol theatiemionghamifdiing i n demand®response s

““Massachusetts Institute of Technol ohlgtyt o:2/0/1Hi)t,. ITyh/el NFeul Sux &

“?Handberg, K. andEIOawetnr,i . VdRi0OdI5¢s as Grid Support in
Vehicle Business Model s

“wang, J. et al. (2011), I mpact of PHEVs on power systems
https://www.researchgate.net/ publication/ 227415730 _1| mpact
in hybrid electric vehicles on power systems_with_demand_
“Concla, (2015)Denfanrdb eRe*s poree The Smart Grid Will Save Us
http://onforb.es/ 1B0O37QA
“Energy Networks Association (2012), Smart Demand Respons
http:// www. energynetrvedrekass.esr/ a/rcenvi seibpg ReBEle?s/ g earisyes s ma s it o n
paper . ht ml

Sct

SLi, €. (2013), ofynklnggvethicl €éoChmaolgi ng and Wind Power
/

http://bit.ly/ 1KTb3me
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http://onforb.es/1BO37QA
http://www.energynetworks.org/news/press-releases/archive/2012/july/smart-demand-response-a-discussion-paper.html
http://www.energynetworks.org/news/press-releases/archive/2012/july/smart-demand-response-a-discussion-paper.html
http://bit.ly/1KTb3me

Case sMyudil:ectric Avenue

The My ElectMEAY dyea@tdnotné dtor i ng and control
"clusters'bofhENVesisdensti all prdph e sviemfeamd ch W stt
|l ocal electreedeéery. sThestatdbeat 6i mut iadls aa n2d0 3w
| ocaitnedooth resi dbameath)laragnudgiinonbsus(i ness sit
charging. at wor k)

The projprecviedsesde nt i al | earning about managin
di stribution network from the anticipatededr
coweff fective solution to Distedubesi oheNeewdr |
reinforcement anad palalkcrewsodd Ef¥essmodBNEAOS er s as i
rather than clusters ('soci-eadonamiad sckedt & bei k
and char giwe greehcaobridtesd .

EA Technwhloodye d dtelvee | torpieadl moni t ori ng and cont
solution to reduce network reinforcement, ar
del ay, and in some cases avoid, ttrhue-twmhriesdh fvoa
costly and disruptive, astaeddcamnmmda&t engt Ise ¢
in EVs.

I't was highlighted at the industry roundtabl
managed charging,n nertoyjoa &kt itnmetv altuiol ds furt h

Furthermore, research presented by the | EEE de
algorithms that can be used tel ecveeshiisec lhamdgr eat €
wind energy, bygingreopbwkernfbackaand forth®% o el

This is implemented through three |l ayers of «coc

1. Topevel control mi n iamids efsi ngdesn esrcahtei dounl icnogs to f

renewabl e generation and wind power .

2. The milckdled decshiagrngaitnegs power t obasnedd vamd utaH e i
state of chafgetame.plug

3. The bdtedomuses feedbackshtogcogti imel twahi cl

regul ate grid frequency.

Apil ot project by a utiliintye gadagmHsrhiicc he Lail nf @r
whodeael e energy market, aggregawinlp shatclbamagin
demandfsl eceft s aitords viehd@oecghout t HeoSamwabDieege mOd
controls the assets,sbahanging nhbedpawhi tbspant

opportunities to provide dem@dnd response servi

Transmission & Distribution World (2015), SDG®E Integrat
Energy and Ancill atypSeévvwicel MankKHeélEse T
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Energy Storage and
Renewabl e Grids

|l ntroducti on

Thi sapter lbowl & oveeshiiccl es can be used as a sour

storage and to'sambpartonScecotliacd ease the depl o)

RenewablChaEhengyes

There are certain characteristics of renewabl €

chall enges in integrating them into the grid.

Antermittent Supply

The intermitteywtcharaadtadr iestsiupplof renewabl e e
significant challenges for their intkiggwurte on i
51i Il lustrhtgenerawiton of remnwawagblco mpraeregly t oa rd e |

a typical day, wigeheirmasi amsaeappbiundeer

T Renewable generation

Demand

Power
Time of day

FigbteAn il lustration of the posgehkbeavapbpnaandnebet
demand in a day
The unpredictability of renewabl e generation c
used in an energy system.

URBAN FOREBDBHERGY SYBTEMSBCHRARI C VEHI CLES 3



Qurtail ment

Curt aiilsmewhter e operational or grid constraints
renewabl e energyThhea&nai paavaiclualalrechall enge i
as remot ewhiesrleandise,r e is | imited opportunity to
needed

Case sQuwrdtyai | ment i n Orkney

Experience in hihghlOr4mey tdlsdtesthere is a sou
renewabl es and electric vehicles. In 2013, ]
generated from renewabl e sour ces;shprreedovninrda r
Despitethavodirdt active network management
generation and demand | oads t @ nexttgeantd ctahne baer

by the grd dnetOwkmkyi s heavily constr airmed .malt

5MW of renewabl e energy that cannot be absor

have to be curtailed. As a result of this ct
million of revenue was | ost.

Storage FElagdtehitigl| e$

The ability to eff echtailMeebnyggeeVv er emenesggci esa t
| ndetelde gl obal industhgs f oe e @ nrbeey gw Gileidior lanyg eo v e r
the next % ew years

As mel ecvterhiiccl es ar e adaovpatielda blaen da smaadesuppl emer
resource, the grid wild.l benefit from a fl exibl
|l oads from renewabl e generation. Examples of t

el ecvterhiiccl e arTea bd.teo w

Tab®le-Ex ampdtelse

n in

storagelcapgalict lye o f

Vehicle Battery storage capaci

GM Vol4 hphbugd 16. 5 kWh

Ni ssan LEAF pure electri|24 kWh

Tesl a Model S pure elect|85 kWwh

BYD pure electric bus 324 kWh

I n principle the benefits of energlestorage ar
vehicles as a resousme (veeVeKameeha7), emerge
services (see Chapter 8) and dynamic sourcing
“BBC News (2014), Energy Storageht tTthie/ /kkelyc .tion/al fsémaMR@r po

URBAN FOREBDERERGY
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The widespread proliferation of smart grids wi
i ncorporating a svarniteot yt hoeef ntawskteamearnc!|l udi ng:

T | ndi veildeucatérhiiccl e; owner s

i Corporate customers sawmadh eanp | folyeets masn aage rEsv

T Retail ®omudlsemicustomers such as carsharing

hotels and restauramd scommervdical sdart i parsk
9 In the public sector: municipalities, util

Patterns of vehicle use (and electricity consu
renewabl e energy generation. Accordingly, opti
(see S4g95itmnencourage drivers to recharge at |

but |l ow overall demand.

Ot her methedgy storage to help balance the gri
batteries, flywheelgy sbmpagssedhai mpew&nd pun

Case sDeundaynd response for EV charging in Cal

California has committed to sourc?PnghAlizidyp adfn
examined the potential ofanwmsgieng ndemamd treenstp ¢
gener &Evahuati on showed t hadmand hr sommen <é ana
increase the integrati-opnr eovfe niiinndg atnhde sroal napri ne
fuelled combustion twirdbe nesed had waluddcetthlee
resources.

The I nternational E n e fGpw eA gnenmecnyt se xcpalnha ihresl pt haactc:
devel opment and deployment of energy storage t
demonstrat ifoorr pprroojneicstisng st orage technol ogi es
di stortions that prevent storage technol ogies

services t"Wey provide.

I n 2015 Ofgem | auncherdedagniFdienxg ba | n & efdi Btitod jcteack
approach to system flexibility and to develop
efficient psevbDS8Hisohueaxiets acr os'selGacetarti Bifti yt as yns t

Energy storage constiltswtuest warse noft etdh g e tfthlee x inh

““Energy Storage Associati on,htEnper/g/ybiStt.olrya/gleB @&lcxhknol ogi e s :

“Union of Concer ned 'sScCoemtiitsntesn,t Qaol iRfeditemiadb i i Enley /gy NI z Z me

“"Perlstein, et al. (2012), sRotRemnstoiualc eRolien dovfai e nad md nRye sGro
I ntegrating Variable Renewad®dBeP&Eneegly RedewalChéi Pornfal io
http://bit.ly/ 1BGNZpg

“I'nternational Ener gy Agneonlicoygy BERbea dgmya pS/toirta.gley /T@Riht k Q

“Of gem (2015), Open letter: facilitating efficient use of
http://bit.ly/ 1SwWFpB
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roundtable for this study that more work shoul

change and to assess the |l egislative and regul

I ncreasing energy storage in Scenhkgnofwotlkdege
system and could reduce the cost of payments r

to power down when gen®eration is inconvenient.

A sthudlhe Ji mmy Reifdo ufnddumrivdeasttinbennt of appr oxi mat
billion coaeatdockeafeenengy storageTlpdsautlsd acr o
be fundsesdmdrystraint payments paid to operators
incriemgsthe efficiency of infrastructure and i
used to manage peak time5Qg@eberabsonncmaaci agt u
assembly and operation stand to be created wit

| ead him industry, exporting knowledge, skills

Energy st arl sgienbsetadnt | or near chargamgdscatt mes.
amountenefragi on, transmission afpae adkimkmda i buti on
charge vehicl-psakaéhewgypygt ofthbe utilised and re

ser Vvi ce.

The workshop discussions undertaken for this s

which has wused clean energy to meet 100% of tc

occasions. I't was noted that energy storage at
business model perspective.

Moreover, it was discussed tlhaantcignrgi di ss ewhveircee ia
value is generated, whereas the benefits of st

di stribution nettewonr kpse ankese tb usthionrotmsmunée gqyi baeg t o

Links to Micro Renewabl es

The inteeglreactVieohnc coife storage into smaller energ
some potentially significant benefits. As well
with electricity from micro renelivabvteehsiccwielsl, r e
creadaiogmpelling incentive for owners to gener

supporting government ambitions to encourage r

Foundation (2014), The Future of the Ener
HkJ 4 GF
A

ssociati on,n Beehcitcripecsi:t yi StoyageTaa@dWPI ug
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mi cr o r enfehvea bplreosf.i | es of the individuals and b

suclthtnel ogi es are | ikel-ggdampt emrae cvdrhiibcolsees .of e a|
Mi cg®neration is an important part of Scotl and
electricity demand. StThit&oshr ntn@nagfmt sscehh Od0yi rag

MWf r cammmuni ty and |l ocally owned r enelwabhlaess ene

al so committed to reduci nbyi2t%s bfyi a2dXlZareqetr gwh ica
widdnefit greatly from tmecearergegaieddlilcownci es

Case sltnundoyVent um Gri af fSeol2a.r0O Prboywberri dStVditndon &

Swedi sh company I nnoVentum has created a hyt
and buildings to supply them with wind and ¢
woodemructure supporting 24 solar modul es an
EVs to park underneath. I't is capable of ger

| ower solar radiation

Suitable for various appmlhidc taisgngs ocamdstal &t
conntett he grid ,i nf ureatoiteen aaseas charging | oc
as an edbheaewabl e energy installation. The (
platform thadsednomeparctcabl e devices tsuHehr ees
have full control of power proadnmdtweathar edad
to understand variations in performance.

I n addition, under the Holmees Hnoearng y®cSicaonied A d0 RE
is available for owner occupiers who "want to i
providing an opporatmine avterhitie | ien d ot poraatde@ mest i ¢
chaltn.may be appropr iaaptpe itcoathiiognh Imogrhet etxhpilsi ci t |
use of funding in this way.

Secttnfle Potenti al f or Veh

Wi d e s pupetaadked ecocfterhiiowi ek br angi wctbased producti
battenides. nor mal opetrhesbghaw®mdhe i @npected to
approxi Aladt eyléyaloB8ve ver not @@ er s uiedlaebdvterhifcot ess e
can retain up taamt®iafy,t hpeoitrenitniatlilayl oper atin
a seedand appPlhiecat bere sftorléd some valuable appli
they canTherewiede avapodtedgnmdgy storageualpplica

as: a storage facility itrhtdptl &ndirerd epctinteae gy artiee sv

“The Scottish Government (2012), Mi crogeneration Strategy
http:// www. gov.scot/ Publications/ 2012/ 06/ 96738
“"Energy Savi Migm&r Esergy Scotland Renewables Loan Scheme

|
http:// www. energysawnidid g madts./ o req.euslc/hdeaset/ I oan

ergy World (2015), Battery Second Use Offset

“Renewabl e En
[/ bit l'y/ 13Qj kpy

httop: i
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renewabl teebadt siecdiutcyi ng
transmissionplioawieditmgnamsdislelea rSg 9:&enradwnischeasvi ng

oads.

t he

peak |

need

for

new di

Case sSeucdoynidf e EV

batteries

in

Os aka

Il sl and in
spent

On Yustei ma
ofedeploying
utilising used
includes

Os aka,

16-i osedEVI baht ami es.

Japan,
EV “wat's dfirri sets cldbdyregquo Weli ngt
batteries”Thbilseptedofyper €60@k
tphee i soyds td

yOeveerr s ,a

t he

Su

mi t

the smoothing effect of ener g$Hi kwmtepouisiofl act d a

The project has been developed under a joint
Company kfiBwBnasgy Cdroparmrataiten new business$ o]

EV batteries. Ni s‘gandekpatasnosmblattt BAF deg

be down -800% 7cOa% aci ty after five years, with u

10 yeaegrsviode sas a car battery. This would ma
energy storage.

Research suggests these appdommaéen oinal agtecagel,r r\w

number of energy

compa&amyesa, for

st grea system

compani es
eova mph!| & ,h ewdirodcsa | Matbchegmlro t a

acr oss

f oo har piOrkgv dwaasttpant ©

Commi ssioreemdedoti on project an
Renault EV 50

vehicl% itm 183 minutes,

bus as part of Project Victoria,
I n the nccragattiemrgn, of pors ébdaa ttieari s co

st

E uemepreg ye n g ac

hish

e Europes

d enlciofmpasse:

@

ul d

el ecvterhiigclaess aut omelhsi s gandmpamisesmer s

value as part of a reduced purchase p
a used 24 kilowatt hour Nissan

resale val ue, while a Tesla Model S o
up to %8, 500.

The stakehol gliedre nwtoirfkisehdo pt h a't

support

Reuse and
l y/ 1GNmRUH

“UCLA (2014),
Batt ehrtiteps::/ / bi t .

(2015) ,

“Endesa Endesa gives

Energy World
l'y/ 1JQj kpy

% Renewabl e
http://bit.
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Repower :

(2015) ,

How t o

devel ompcneennttisv e sn

earalnyd or dved pr bmand eeoduces

Battery S
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econd

separate

hedfp |

factor

rice.

wner

t he

Us e

31

kW battermharignthnggrsdtaed oinnt cCag afbd g
t usithpe ast gbvennmentt hes

Wi
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Pr e
LEAF$SBatdt06ryncoc

coul
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6 El ectrical |l nfrastr

6. 1l ntroduction

Thi dapt er oultilniknse skedttbvegemiiccl es and el ectri cal [
considers: wiring regul &t ieewmehiicadlhee oh & rf geirmeq;t tr
proivairs of necessary electrical infrastructure

opemp existing el ect ril ealdterbictll es.s for use by

6. 2Wiring Regul ations and Ch:

The growth in markets for EVs wthk poohi demanc
necessary wiring and electrical infrastructur e
buil dings

A key requirement is to ensure that recharging

refore need to be made aware of t

e
typically exceedne2l ekcvterbiivat may oihail g@e aat 3 or 7
Consumers the

n

ensure responsible recharging through a domest
the UK national wiri nldn srpeegcuil faite so ntsh a(tB Sa 7d6ée7dli)c. a
should be provided for théscomhactitonthfosel e et
ot her appliances such as powSer showecsnanidt €1 &
al e fit for purpose -aamcc cswrnttiarbd ef drorc a@rhrey il @ c
drop and protect i ofa nadgnasitnashil aotvbeprecau rqrueend ti f i ed
professional

El ecvterhiiccl e owners primarilgyghaveamometdhetri ons
buil di ngs:

1. Mode 2 chasghngagdae dniocnat ed circuit and socket
uses an adaptor | ead to bridge the vehicle
household socket.

2. Mode 3 charfgimgegd and dedicated bbmegepoint

buil ding.
2l nstitute ofd Elnegd nrecelragtyy (an011), Observation codes used
electrical install ations withthpthébstopg/ aEPBBZ671: 2008

Bl nstitute of Engineet)ngAppendiexhhodbogsrmérRd®ment 1 of BS
http://bit.ly/ 1RoEi 5v
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Consumer advice on charging infrastructure

ener

Si mi

Consumers are curvraenybithygi eepobed tb comes to
t
Ni ssan note that EVs must be charged on a ®de

wor kpl ace and home charging thaencda urseef erts itso sm
as encompassingpeéebhieauiset ofalal e, inclu®ing a

I n contrast, the Scottish Government thrd&gh
ammousehold socket cadvibeessthle bse¢ aCosmv areq
OLEVs Go Ultra Low camppigndaoimeetsi ¢l hassota kmea 008
be used as a reular chargepoint.

Thi s
within homes and other buildings.

gy provider Npower does notl3amponkiamd f

larly, the Energy Savings Trust refers t

suggests that there is scopecliargi mproae

Tabéloutl ines the pfrosraemd chasglhgdime @ms

scen
cond
vehi
i mpo
smar

deve

ario the vehicle is connected to a 16A or
uctors incerplharadgieng i mdadml ¢ ht o all ow commun
cl e and c ha%Tghien gc oemgmuui npi nteantti on functional it

rtant because iwi whe ksmamt agriod dmadel . Wi

t

t metering eo@uidpme modien Shalhsaelgi ng i ncl ude:

| opment s wirlolofhelhpsfeutbwrié di ngs Within the

Therehéesah ooppoyi hubhtese early stages of si mul

t

and chargepoint -ociugmaat!|l ehapgi hgoheabf tvabstr oompt €
the future energy system without the need for
“Npower, Electric -FaAlQisd It e :pgr ovguiwa mme/webroptovea/r edmedr ms
conditions/

®Ni ssan, How to Charfgtet v:o/u/rbiNti slsya/nil d\élaff KL

®Energy Saving Trust -(20e8hiiclLearacaahowopkuffor you:
http://www. energysavingtrust.org.uk/sites/default/files/F

”Go Ultra Low, How dohtlt ppo/webri? .EqyuilpgmemCtx:c

®Mode 1 is not suitable for the charging of an electric
is not guaranteed at all outlets and is necessary for a
®The I ET (2012), Experts HilghibghtbEV. ChatitgpnggRoadmanp:
URBAN FOREBODOERERGY SYBTEMBCRRI C VEHICLES 3.
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http://www.npower.com/home/about-npower/terms-and-conditions/
http://www.npower.com/home/about-npower/terms-and-conditions/
http://bit.ly/1eVIfNL
http://www.energysavingtrust.org.uk/sites/default/files/Plug%20In%20Vehicles.pdf
http://bit.ly/1gwWDxc
http://bit.ly/1MpyZg0

Tab6le-The pros and cons of differe® modes of <chargi
Charging molPros Cons
Mode( Rednedi ca/J Low installation Y Slow ch-a2gbho(Bs)
circuit -anotl . .
Cab”mcorporat‘nIntero;aerra)lslseUK T Suscepttoi btlhee mi s u
residential prop extension | eads
. capable of withs
T RCD protection g current of an EV
T No communicati on
functionality.
Mode( f3i xed arnq Fast Chdrfgeut &) T Addi ti cmat of fi
dedicated ch )
T Chargepoint to v f Tethered cabl es
communication. domestic install
) specific t'oeehhel
T Smart charging f inlet on the car
T Control and proti¢ prjymide 3 charge
permanently inst be installed in
f Load controller. buildisgseeOf par
gar asgerequired.
T Suitable for domn
install ations.
Mode( dapi d, T Rapid charge (20 T Unsuitable for d
chargepoint, installations.
connection) T Control and prot
permanently inst|1 Higher installat
T Chargepoint to v/ Higher 1l oad on |

communi cati on net wor k.

A particular area of cohsctHergepoewit ui hdspraaooy
redevel opments, which caompfafed siognieti mbdt t o &\
| ocal pl anning talueg hwareltd enpl ameunnhdng pwordicies t
mandate the installation of charging infrastr.u
Case study: EV ready buildings, Koto, Japan
JapanKoto City, | ocated on the water fnrsotnatl loif
charging stations at 10% or more of parking

has placed signifiawant e@mephdsingsgn imulwthii ch
resides. Every year, approxi mateelcynsQ ruew earf
By installing charging stations at the ti me
provision for the changing needs of its citi
process, and asvoiugptamyn ftwturesidient s.

YBEAMA
URBAN

(2015) ,
FOREBDENRERGY

Guide to Ellktcttp:il/fc/ Wiethilcy/elll hd XTlajstructure:

SYBTEMBSCRARI C VEHI CLES 3!


http://bit.ly/1IKe1Ij

6. 30pAmcess Charging

Technol ogies and businesstmoeé«li stti magt edpen ri g :

commer ci al charging c eduelnds iitnys tpaunbtlliyc ccrheaartgei nhgi ¢

support widespread operation of EVs

However, standard el ectrical outlets cannot

properly monetiseventsvi dlaeli eabBapoessi bl e
for exampgieiduals @azmdlhusihhregeesa feeofor
ectrical outlets; expenses could be rei
recharged overni dgshthoane ;t haco delopo sopygecec t i§ oned
s ha

Such outplreotbsa bwilylldwo fd mmani tveodl ttaog el ocwh ar gi ng

red outlets at condominiums and workpl aces.

replace all public charging needs. Neverthel

vehicles or g¢wiatrilgitnilge calbbdposr ti ng communi cat. i

model s, amkwogcesl!| d rarovi de an effective

opportuneilteiceterhifcok es .

Case study: Ubitricity

er-basmed-upt &rbti tricity has developed a sol uti
rade meteringridntbatpgéengtanantdl e that comes
rovides acce‘ssecisgtsWtbinitsir¢ici adrye bolted onto t
utl ets that are abundant throughout <cities.
ethe outlet to accept the charge and keeps
nformation is then sent back to Ubitricity
tility.

city has |l aunched a nunearmamnfy.pillnotBepr
g with the Verband der Aut-smsbemsndnss
hout the city. I'n Frankfurt, Ubitricit
e gi nt etcoh noofl foegry tahte al |l of their | ocatio

Going forward, Ubitricity sees great potenti
some 1 to 2% of the approximately 10 milliorn
i mmedi ately be refipted(wi hbl ehphgsrgAEf€), as
position allow for charging day or night. THh
exchanged or renewed per year peafefsenttd utteh exfmle
charging ienfrastructur

URBAN FOREBDBHERGY SYBTEMSBCHRARI C VEHI CLES 41
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Vehi &X| dpplications

11l ntroducti on

Thi baptet st hatpoft@mteicddrhiiccpesvi det (ppomweys,
buil di h@s expadrt elgecTidra caftfyedtos tchfe t hese appl i
mar kets are included in the discussion in Charg

Overview-fApelhiicdtei ons

VehitcKappl i cations are conareyr neelde cwirtihc uvseihnigc |set:
electrical si nkon hasstqgud aBRalbteedrawnin vehicles ¢
a valuable asset particularly when Asombined wi
described idfEékaptver emlergy storage provides tl
instances of overwaEWsowmddregpphgrgy for homes
more widely (V2B) and for broadédrseuppleys tao et

described in the sectionsThblilew, and are summe

Bidi rectional <charging is a-t@uiagpipid amrtiimanispl e wl
charge and discharge between vehicles and buil
el ecvterhiiccl e as a opicdwerp sguppdl yopcer at or s bal ance
fluctuations and offset peak building | oads toc
businesses thatcareei o ¢parsgeeddaorni fnfasx i mum usage.

metering infrastedcsaoafewand abbkbowiahergy f Il ows

through automated momakiorg.ng and deci si on

Today, research into the activity of European
vehttcol eapplications are stildl i n rtgltye iprr oivn fdeemr sy
assessed primarily engaged Tihre faedaarec opprod t die

energy providers are however significant.

URBAN FOREBDBHERGY SYBTEMSBCHRARI C VEHI CLES 4



TabTle-Summaofy vethX cdepl i cati onlsi miutdtiinomg arm&% exampl e

Det ail s|VehitctHemeg Ve hitcdBwei | di| Ve hitcbrei d (V2G)

(V2H) (V2B)
aracte perates per atbeusi |a arge scale regi¢

Ch t T O 1T O beusi lad § L | i

home | ev l evel . )
T Potentoi alupply an
T Comprise § Suited tow services.
typicall vehicle fl )
el e cvterhii c T Reactive power s
T Il mproves | ) )
1 Reduced integratiol|f Potential to impi
EIeCtr"Cﬂ Reduced el (T An aggregator ma)
1 Access t bills. effective i mpl emi
S(T\(,ev;?encﬂ Source of T Shoul d con§ider 1
' power . of new business |
1 Eas t o .
implyemenﬂEaSier dem| T Requires el ectriod
' prediction participations
1 Sﬁ::;; io vehicle fI 1 Offbeasge scale ri
isolated T Less inves energy integrat.i|(
houses required.
f I'nteract
|l arger .s
T I'ntegrat
di stribu
energy
resource
( DER)

Limitati|q Not suit|f User willi|{f Complex operatiol
resident required. ) )
bl ocks, T Complex predictid
single f|T Complex op demand.
homes

1 Poor marke{q Largmbeu of vehi (
integratio . . .

T Communication ini
required.

T User willingness

T Lack of regul ati

T Further industry

Exampl e T Toyota VT Nissan LEA|Y AmsterdawWwesNi € 8m
Projects Power Bui l®ding city pProject)

Sy s tem
1 US Air Force?® Lot
T Ni ssan L
Ho nté T University of Del

Schoof” Bus
T Honda Sn

Ho né 1T The Nikola Re%eal

“"Toyota, Toyota Devel ohptst pv:2/H vwowle.rt oSywosttee.nc:o. j p/ en/ news/ 12
“?Ni ssan, Vehicle to HomehEtpctrbcityySuppbDpeSyst em:

“Honda, Honda Snhatrttp :Ho/mewwStondasmarthome. com/

“Renault Nissan (2013), Ni ssan LEAFs cahthow/ power | tyhéedHh
“Amsterdam Smart City (2014), Pil ouwWweshitbe?2Gbi d. styadB8s&Oi
“Berkeley Lab (2013) Los Angel es Ai rhtFtog:c/e/ IB.awssea .Veechv /cll Gy k

““Urban Foresight (206RmM)t,p EV uQibtayn fCoarseesbioght . or g/ wp
content/uploads/ 2015/ 07/ urbanforesight_ev_casebook. pdf

“®Ni kol a, The Ni kolhat tRoe:s/e/abricth. IPyr/olj eelcMk 0 |
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http://www2.toyota.co.jp/en/news/12/06/0604.html
http://bit.ly/1BGOBei
http://www.hondasmarthome.com/
http://bit.ly/1e7MtBD
http://bit.ly/1BGOIXf
http://1.usa.gov/1CykDo9
http://urbanforesight.org/wp-content/uploads/2015/07/urbanforesight_ev_casebook.pdf
http://urbanforesight.org/wp-content/uploads/2015/07/urbanforesight_ev_casebook.pdf
http://bit.ly/1eLMkoj

7.

3Vehdi #lloee

The princiamplpd icfatV2oHhEVas a0 e@eser ghesource by
di scharging. i boiasgneedafdf ords residents emerge
power oot agiemply to provide electricity for ho
energy consumption for a UK hous®%Thiod dc d ma Qi0tly3
a Nissa®sn LEAFhumattefrYt hesr &tkkiWerr s si gni ficant

provide powlkkomdéDr

V2H offers the pot@genérmdtitonexploenemaltlr® ener

particularly salient ney |lloslaan dsnswhseurcen talse thiieg
mi cg®nerated wind resource makes it an ideal ¢
applicatsiomys By this way users can charge the

supply is highest (peak tschatvh enigr) hamnme dwlsecrh as wpe
(valley filling). Better managing generation i
curtail ment and ultimately generate revenue f o

generati on.

Case sltBEIAMFy :t o, Hoimeall gpahu,

I'n July 2012, the city of Kitakyushu announcd
Japan, to develop and commerci al i"IsEAR nt & VHan
vehicle to home (V2H) syste®mm palhiag gdlnec tcroinmi
PCS (Power Control System) thatdiist rciobmwnteicd re ¢

system has enough output to allow al/|l housel
stable supply of eleetdayi wyerae ppeakehodolmesel
to increase. The battery can be recharged at
|l ower, or during the day, with Iinked rooftoc

wor kpl acclevsed nivh t he Kitakyushu Smart Communi
and residents of the community are showcasinr
electric vehicle integration.

Thd EAF to'pHomge amme i s panti vef calll &ardg e rhei Bimta

Project, in which Kitakyushu is developing ¢
electricity demand andiseppliynadsorfdiomg gtro dr
framewor k that V2H taenc henvoelno glyarcgaenr prloa e i n b
grid, filling in gaps in renewable energy ve
the electricity system.

I'n Jagamekiti onal charging equi pmentNihassa fa doce
sales since®Aubosteda®éd uptake coincided wit
power outages caused by the devastating eart
strategy highlights the i mpoorrtsanahee nofi ntpol nesniec
measures.

“Department of Energy & Climate Changét(2014pjtEheV §LKGO 1
MNissan (2015), Ni sshatnt pL:e/a/fb iSp.elcyi/flieclaltB nocn :
MNissan, Zero Emission Mobility, Roadmap for RES Integr at
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http://bit.ly/1CK3IAk
http://bit.ly/1eLLBnc

7. 4Vehd4 8lUel ding

V2B applications builusdibWsthe &a@mkMmpnahcbpikdin
of fices,unscvheaocslisti es and | eisure centres. V2B

operati on tddfe sfel ebeutid dathgs t o better manage and

energy resources such as wind and sol ar. I n ad
store as a means of backup generation in the c
Such a setup is IimptemsenkedwnhasughewBuil di ng

System (BEMS) that centrally controls the char

algor'tbmsave energy through peak power reduct
organi sations and prevendguwlearvipeat tiertres rafpte mp
wor king hours and the operation of their vehidc
potential. Limitations to consider are the corn

and the time for meaamiendfoult atkreapd faere of ch

Ni ssan has successful |l y rbietesn Audsvianngc eWd2 BT etcehcnhonl ool
in Atsugi, Japan since July 20183. It all ows upg
bui l'dimgwer distribution boardwhRowpraiks demamnd
highest (and most expensive) and the ,vehicles
ensuring they are fully charged at the end of
reduction of 25.6 kW in peak summerdpaeviitddsoof
i mpact on dri+ani mg smaintgerofs nea(da. ¥520,08 ®MD)0

7. 5Vehi &Fred

The cumul at i'wesh Ht adlpeapept! iocfat i ons is the regional
EVs and the electrical grid. V2G iamgpbechrci pl e
vehicles as an electrical sink that can be dr e
gri d.

Gl obal ehbhéewerhdécl es are estimated t‘Wahadavepi bees
testinggrviehiiciteegrati on“auggeatpbmemi nenteasel e
el ecvterhiiccl es in the electricity market. An agg
power could be provi dedl evavtrerhideuil e 'ty r Rroides , f rac

“Garevid !l al obos, Del iexerailng (Rodrsgy from PEV Batteries: V2

Bl oomberg NEwn&mee G¢2¢t6)i,c vehicles to be 35% of global
http://bit.ly/1Q3mLgh

Navigant Researchri(@0llmt)egVethieheServices Revenue is EXg
Millionhbyp2024kit.1ly/ 1Gi VYl 4B

Navigant Research (2015httYeli dlie . Gryi/dGliwtedgration:

URBAN FOREBDBHERGY SYBTEMSBCHRARI C VEHI CLES 4.


http://bit.ly/1GiYI4B
http://bit.ly/1GiYI4B

recent report by NaviganthuRe ggearedhat ewg o g ebtms Vteh
integration services is expected to reach near
$335,000 in 2015.

Specifically, ftoHn\eg et d sprpovtiechd iaeadci | |l ary servic
response and wgiionmanqtraeanerstability and relial
and delifhe@sde S&89383iTome efficiency and fast respo
coupled wothklywih@ée rdi stributi omakédrbBVgham atett wa
opt i opnr ofvoigdiimdg s'Upport

| mpl emengamtican centrally thr ouwgeh aS@gddigmegat or
manages the charge and di s c h-aprugrec hoafs ivnegh ieclleecst rv
from EV users and providing iamciNleltawoy ks eOrpwir cad s
(DNOYI ternadevehtyr, al icarbé mwiegelh i ndividual cont |
algorithms for each EV¥t hiverspeelni dat itdhre wownled r

pricing signals to in®luence charging behavi ot
Resear churhdast faot battery size has a | imited ef"
contrast to the power of the charger, ergo the

considered i mportastmamokat VR@r bipeir m@atiron

Di scussion at t he sftoark ethhoilsd ést andpynt dremthtadpdi e o f
V2G appliaywtbenasround frequency response rathe
component . rFersepqoupesnechysoni ses generation assets

operation by holding the alternating current f

fulfilled through the r ampi®Tdg ewspe/ ded vermeomft sg eerxea r
however the meacharei svyredhudern fdfoonmbohewbt hBdiit @ s e

monetised. To fully realise V2G, mam e&ed tsda r uct
adapt to facilitate the demonstration and comr

technoi®gi es

“perlstein B. et al (2015), Potential Role of Demand Res|
Vari Rehewabl e EnergysuBBdePefCakbnf oRanawabhtet P:o/r/tifiotl.iloy /St Hajn

“Harris, C.B. afmdeWsbheiti ¥MigiEy dofr ewemiurlse ltec tprliuag vehicl e
siaaed EVSE pdwR&ES Gamiema@l20Melet i ng,

Energy Storage Associatihonp:Frégquengy IRagwILdt i on:
Ml nternational Transpor tanFdo rEuvs :( 2Mald2e) ,f oSmaEatc hGrQtdhse r ?
URBAN FOREBODOERERGY SYBTEMBCRRI C VEHICLES 4


http://bit.ly/1HjJx21
http://bit.ly/1MhVbL1

8

8 .

EneMagiket s

11l ntroducti on

Thi dapt er oultilniknse skedttbvegemiiccl es and wi der ener gy
includes community generation, balancing servi

bundling, and innovative financicadmpreenciheasni s ms

Grid Defection

Di stri but egde neelreacttiroinc,i teyspeci gl liy galpard!| pyhctpo\ea
across Scotland andgeDishgi mutkdcekéapeéericity
same, thanks | argely t os nfacsrs elredturcitd owe hif c Ibead
convergence of these two technologies creates
becomes optional for some customers, without ¢
at prices cheaper th%n utility retail electric
This is ewdgaedtiitdgmbhebn, bwixubt assv@ldone power

system that istimanaged dnsctcepahtaicggmdadih&r p metmheer
is that energy generated within a ncoemtmuinriet vy, b

citt¢cas bsusélafi ning without the need to receivVve

| ocati ons.

Energy generated in this™wvaypiaastéxpéatredetwociol
consumption business model s dthsa,t parld pew tsyh,arreas
time, skills and services & mhteroaungshf ocornnhiinnge tprlaadtif
conomic Pnactwidestherefore be increasingly i:1

e
el ectric vehicles withhins tfotseretciosly smayn, c rasmat &
o

pportunities to encourage widespread uptake.

Balancing Services

Grid operators use balancing or ancillary ser.yv

face of dips and surges in the balance of el ec

YYDECC (2011), Micromenerdtiban .Styr/ atGNgyL:i S
"Rocky MountainThesbhbmiges d2@r4 Whenhoand where distribute

generation plus storage csoempveitcees with traditional uti ity
2DECC (2014), Community Enbatgyp: Stbatefgy!/ 1BabbkReport:

DBI'S (2014), Unlockinkytitti:e/ Shiatrilng/ EBpwhobly :
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http://bit.ly/1GNo1iS
http://bit.ly/1bsg9kT
http://bit.ly/1By7cEn
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t h

nge of ancillary service produern swhihah trlifd e
sponse is required, including frequency resfy

'l owingYramping.

e to the specific and critical needs addr ess
significantlynhigmeunt aof equéevagyesupplied

r ancillary services include payments for av

ecvterhiiccl es as grid storagesuéesedrtesaacel pat

at require f asdt arrees poofn ssehotritmedsuraant i on. These
od match for EV storage technology character
rticipation in ancillary services markets wc

gregator §94¢ oseantaibdre mul t i plaendv ethriacdleeds itnot ol
rket.

the |l ast five years the UK Government has b
rket Reform, which has now seen the introduc
rpose is to ensure skeyupioyi difng@gl paymercti $ yf o

c
—

ces of capntghet develtppment of more active

o

enc¢ oigmagst ment to replace ol der power pl an

termittent and inflexibl | ow carbon generat

rthermore, generation returns have hbsetorice
is is set to expand to encompass three sourc
rket and ancillary services, witnht trhoel el aotvteerr

e next few years -fwitédd tphewerd opluart ©f gas

8. 4Aggregated Electricity Mot

A
| e
en
re
as

re

decentralised energy ecmopomywadredgse nt ien EUW eh
d to a |iberalised and price receptive enercg
terpmi $ds s mhe&aeéttocoal sscenari o where these ¢
sources are amal gatnoatbeed drnavorwlwpeene n&diitay i s Kk
el ectri canh eangag raegggarteigoant ,ar eapgensi bakety for

sources to sell into the electricity market.

"Energy St ortaigen,AsGroicd aOp elrtattd:o/n/sh iBte.nleyf/i t GHnN FY 2

UK Government (2015), Electricityhtviapk/etbiRefloy/mlSiCapRldi f
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http://bit.ly/1GHnFY2
http://bit.ly/1SkutRH

the distribution network opewsa&t ojfacneds otfhioesr can ¢

individualgenerator s

I't is clear to see where the manauwledt charghing
picture. DNOs may use aggregators as a source
users communi cat iedg tameai rt her iawigmn e gred or managi |
An aggregabtoitdagenmtarcous forms and work,under

such as the following exampl es:

7 Afl eet aggffeB¥tpower for V2G services coul
onkocation of vehicles connected to a sing

T Anel ectriciagygrreegatidreri s a model whereby th
business partnerships with a dispersed gro
through the mar ket . Hecroenttrhoel aogvgerre ghaotw rt hhea

are used but may wuse financi al i ng'enti ves

T Anindependentsocompasya car services provi de
or mobile phone network may provideitheir
generated from providing V2G transmission.
may provide a replacement battery in excha
gener at ed.

1 Apackageagqggeeradguatub eeheegent acquire the EV ba
owneonsct rai ned to chargiagr ggHdnevse hilcnl ee xacth as
they receive a preferential rate, maintena
parking i their EV

For generators who would nor malhley ihnavweoaduxcaes s
aggregator agent to exploit their EV capacity
revenue.

Bessa J. R, an2l0 Mat,osThe Rol(e of an Aggregator7®gent for
Medi terranean Conference and Exhibition on Power Generatd.i

Kempton, W. and Tomic, J. (20h0t4t)p: /VM2bG tP.olwe/rl RKmpWvednent at i

“Guille, C. and Cross, G. (2009), A Cohtceptiuabi Frlamewdir Kt
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http://bit.ly/1RKVWvC
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8 .

Case shadpleynndelnt el ectrietheyl pndducer s, N

A

wi

A
di

independent producers. Vandebron has createc
energy under a collaborative consumpti onr® moc

As

their own price for their electricity whil st
monthly subscriptiohef éeeofsl®0ieedoswhAsher
not i mportant in terms of profits. I n fadthe
furtheuppglhy stpe ead out amongst sever al users

sfugrtcompany in the Netherlands is encbwur fa|

part of this sharing economyiusemeriygyv e of
nd, sol ar-enéayalylo oofr whiioch i s generated wit

deregul ated Dutch energpwy madkéetasemsspriodl
fferent entities meaning any company i s at

5Bundled Energy Products al

B u
an
pr
sc
t h
b a

Su
el

ma

Th
v a
pa
ar

pr

ndl ed service offerialgescvgrhioocil @s anoway ctoct mak
appealing |Iifestyle choice, and part of a p
ogr amme. Packaging multiple products and ser
ale efficiencies thatemalaltow osvepplcioesrts ttha nd g |l
eir own. This approach provides a way to bet
ses, while offering enhanced or differentiat
ch convenient and cost epfrfoedcutcitvse cpoaucl kda giinntgr oc
e cvterhiiccl es t o new customer segments in both

rkets, enhancing the benefits and ease of sv
e -awtl lof such initiatives will reilnyg omeva mi X

|l ue propositions for customers and subsequenrn
ckages t oAt heammmarkef.vehicle manufacturers &
ound the world have already for med mdlilniealnc e s

oducts related to electric vehicles.

yvandebron, Howhdoes: i/t veodk®r on. nl
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Case studymeSnuggH

I'n Boulder, AolSnrugdggdHomé.,S.a residential ener
with banks to develop a product that ¢ ombcilnee
with cost savings that can be achieved with

According to the company, a typical Boul der
per month for home electricity, natur al gas,
SnuggHome found that a bank coul & matmbh nar i
electric vehicle, a home energy efficiency r
SnuggH® mmodel provides a means to combine th
and services, creating a fnoaogiabk padkagevi
“The |l oan is paid off in less than five year
pay for petrol for their car or elecsaysity
SnuggHome CEO,t Arnatheldt emér t he nekt FHBave peE
on energy costs. This is a real business moc

homeowher s.

Al t hough their positi-mombiilni ttyh es evrav iugee sceniag yns tfiolr
companies in parhbavenl armpeorre alnitk eloyl et.o I nstal | i
homes and wor kplaces will provide them with ar
grow their customer base by bundEkli egvtephiiocdl uecst s
could be integrated into theealerreaady nstarnan g opr
energy pFodtuteasmohepuygh current policlhedéldnom DEC
Tarfbfsrenewabl e ennehagme geaes exdeisasrtheo,ulidntiggr at

with EVs could enhance this further.

In addition, a directive of the European Parl i
subject to stat@®Ensameohlhiagatcioms utmer s have the
el ectricity widitrulsteawreecadsIsyuppliers so that el e
vehicle can be coRiTrhacsct @od owve plersatamlof.her i nceni
companies to bundle thei‘atltilmred dpsichksa gteos otfof er at
consunlehres .copt aandcal considerations of this a

introduction of a second Meter Point Ref erence
industry roundtabl e suggests DNOs wil/l need toc

any issues that may ari se.

European Parl Pameonsa(2008) &udo p Baarnliivaemeonft tahned of the cou
depl oyment of alternatiwe/ fbels|liynf2ldGtREowect ur e
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8. 6Energy Service Companies
The Energy Service Company (ESCO) model has be
renewabl es and energy efficiency markets and
the rapid growthhenappbesacbembygr sherefore off e

support

ESCOs

nsenaovat.i

t hel agqterhike | efs .

vV e

i mpl ementamdeljiexcers ener gy

i ncome from
t he

expertise

costs of

to such

project del

Upfront,
barsi o

t he

and
initiatives)

vers

cayppdaeratl i s e

md n y pfelreade or s

cost savi
t he
manpower

and t

project

t o

energy

and

ngs,
and

savi

necessary

efficienayw, oanr

or t
t he

finaneneggwopderif okmatmmeasor

Tehree w
he

ni

renewabl e

ti al i nves

i mpl emertt BabBebprojec

akes on

ngs as

manp kvee/r

s k

expected.

the ri as

to i

f @ loemcvterhivee $ eisnglitnwoul d t|

seem that the ESCO approach offers ealpeccttentci al
vehicles in the same way that it has supportec
Case sBQAQg modfedr fl eets

I'n the City of Indianapoli s, I ndi ana, Mayor

move the entire municipal fleetl6oftheitiby @&

425 EVs in its fleet, makingtiidn tefef dratr gtes td d

initiati-up
and provides

Vi si ons FHioedeetl
purchase

the depl oyment

cal hedt r6i on Fl eet Capital, whi d
vehicles through innovative fine
borrows from e@rhfeorsmamnce uacentorfal

agreements (PPAs), and other simile
of EVs across six city depart

Enf orcement,

Pol i c et,heFiGdsr,oconPefirc b at iT &rni oswkad ataaft |

ownership model, the company guarantees savi
savings when operational performance measur €
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Conclasd oRead mmerrsd

I ncreasi mée !l epttalkiiecl es and developing a secur e,
af fordable electricity griTdi areepompl emewsat fic
many interddprpe wkemaitaliiccl else ammner.glthesector
wdespread adoption of electric vehicles will t
i mpacts on enefFagyt $eerdmogne ,pol i cy anfdr bmsi hess
energy conaudfdber t he potenti al A& Aacpered aeadtaitvee t h e
i nt egocan eidd e rthtei camr eaafsi n dtemit o trit ehmborretfi erl a

signi fi cainnt bboetnhe fsietcst or s

Key findings from this review areael srugnmairtits ed i

recommendations for action.

Policy Landscape

Scotl and has committed to a | argely decarboni s
affordable to consumers whilst achieving econc
country. This wild.l require addressing the ofte
energy security, whilst keeping carbon emissio
affordable energy across the popul ation. Furth

have a strong renewahlggdshthchteoro,v erreaddarember gy s

the UK is |Iikely to decrease in the coming yeas

Il ncr eapi aked eavVterhiiccl es has the potenti al to red
however their hcaasr btoon bentceonmssiitdyer ed wi t hisn t he
generati or geamedesinooar bon weé il s $ie cawse hihev e d

ener gy usect acrl eaner ener gy sources.

The national roll out of smartcomesemptwiolnl cmak

for the consumer ,beetnesbnlaigneg tpheedprl ee nteor gy use.

Commurené yigy a growing amedsotogsndemntedonmport a
creating genuinely carbbme fcemmemier gyactyisa e mise
scheme and the business models wutilised, often
opportunities for the integration of electric

transport schemes.

The Scotti shs Goovnemintnrmeenntt t o devel opt eagny i ntegr a
i ncl lheeiang power -areprters@mgporatn i mportant oppor

areapobifc@Gi ven the clear interdependencies bet
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recommendlerdanshppdr t S®wodtl taindh aGEdvesrr yymexndtnd i nu
work closely to develop and i mplement this str

energy systems and accel erates widespread ador

Electricity Distribution

El ecvterhiicet esan icnopnoprameantts noafrt grid system with
capture renewabl e energy and baldainrceec teincenragly d €
chargifngl ectrsmawvte hmetlaemsdah gne moni toring and cc
transmission, diusterri twaisesmiedndc e mp maviide f or
moreef f emaneage memteraasis et s eaodr ces

Whitteere is widesprtehgpot epif é @inendt byn EVs i n smar
realising this potential and the wittth nadathdr er
across the energy, automotive and I CT sectors.
participation of consumers

I't is therefore recommended that the cross indg
i s sustained to supmecernditthteelr abhorattonsbwith a
the potential of electric vehicles in smart gr

Demand Management

Scot liasn de x p eccotpeed wiot hi hwehéeaddrantaintdy from future
ofl ecvterhiicc’lHewe vieer,e tmay be capacity constraint:

electricity netwdhksatsthechaosal ubevel typicall

at set tidmgs efautsheg spikes in electrical de m:
some networks i f no clCaomngpes adrioDNORIteveemnt g4 .
retailers, ScottotshherGowleayenremti mntdhe i ndustry

effectively manage this.

Centrally managed demand response strategies &
cluster effecdl evdvterhiéeccielst icihlae gi ng i n a communi
on | ocal di sReliibautiiloint yyramndds .pri ce basedagemand
of fer an opportunity to incorporate increasing

into the grid.

Data gathering and analytical intelligence to
f r @r e cvterhiicc| e ccohualredgliurg t he need for additional
reinforcement of | Dokiad mwiidésMba tbbuith iolni tgy iadmsd con
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net womKls ndwisdeg ysaf eguar dirregg epmrtod eocsvbtuds e db e s s u«

benefici al

Devel opihnmgggapmi nt connecéal abdlPdDMwMOsS ctyo croatil dt ai n ¢

visibility and control over networKks.

To achihédve i s r econumedndad do gtuheaton gri d constrain
established between individual sr awmosrnkiisnsg oinn bot
net woraknst itcad pdaetael awidt h any rpotud ntitinegh Gir gsnnegs o f

electric vehicles

Energy Storage and Suppor

As me| e cvterhiicc| es aarned andaodpet eadvtah d saeéh sweiolrla gef f er
cpacity to absorb intermittentowewaehs,sf worhlr ene
require controlled charging of electric vehicl

generati on.

Il ncreaséngy st or age nicsr eeaxspee ct thestl c aftoflsie miee myogy of

n

ystemhowleaal i se benreddiuntghsucbdstsof payments m

—h

arm opehatmeguessledtotva wvelxeeregsesner aahont be
absor bedel eUsterhigccl es at | ocations témat hamecobdwl
result in a reduction of transmpeakohoaobadigest

vehicl es.

The i ncor peolreacvterbincc b £ se nienrdgoystt e as a storage as
hel p | moegr aeg@®ner ati on and increase energy eff
use by consumerpr olBicmehtanpdssirtad menwa nl e hsee cUtKo r

it take the |l ead on incentivising | ocal ener gy

Secolnidf e appl ihdatlieomsatdferv e s ac awi dlee vénee eedtyyc iod |

storage apipnlcilcuadtiinognsr,educi ng the need for new

investments, providing anci l | aReys esaerrcvhi cseusg, g easntc
such applicuwurtr emtsl-gaormmemacipalk stage with a numb
companies across Europe engaged in R&D project
't i s r econmeanndsepdo rtthaScotl and and the Scottish

industry and academia to eIpwpoake hofw eloddtcriiecs
coul d hel p Scot hponsdi ittidokee dee vied amdp ment of new t e
business moneelgy fsehiaggeshoul d la¢d gios lextpil @m,e how
procurement planning,canaaaocelge admdwed Iindvpersd mtesa t

wi t hexpected ienlcerceterbieccli es .
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9.

5El ectrical |l nfrastructur e

Wi despread adoption of EVs requires necessary

homes and buildings across Scotl and.

El ecvterhiioowneeprrsi mbaavid yt wo opt i o+4nso dfeo r2 cahnadr griondge 3
Mode 2 charging, whi chdecddncsaitsetds caofr cwsiitn ga nad rmnsoon
al ways consHdweedr safe.was repoohedmaemst his st

exposed to a numbegagpds dof felramgdgi ng, which may

The British ElectrotechnicalomndBRBRAMArdhManiude
thmede 3 chuagigngga fixed anaitdedi ddtee predekeated
term s.olQ@ft uparrt iionportance i s the communicati or
corresponds to théédesmarct e@rsied ohodenlar tT met er i n
househanlddbsde 3 charging included wilphf-ptoe®w de
these buildings.

There post eenmtete @ahndlosgites and business thoodel s t h
existing electrical out lbetss afnd 1 yedaeemmsea rtt @i dpliu dpdi hi €

charging networks to support widespread oper at

I't is recommendeGovbanmemti Seos tti @ hexnpalnadrge h o w
building cegubatused to encourage the inclusio

new devel opment s.

9. 6Vehit &XI dpplications

Bidi recti onal charging is a-t®&appilngaprniomsi, plaé ||
charge andbédiwebar,pehil cilinelgs hAdganded metering
infrastructure and associated software all ow e

automated monitomakgngnd deci si on

Vehi cHem@éapplicani oseg ¢the EVta@aseamnensmgyost mi
generation ®Bedchraol on@ain@agyg.i ng generation in this
of curtail ment and ultimately generate revenue

Buildingebnctbhi spa@abi ldi migesali nbuil di ngs such
schools universiticean autdi dl ierdesguurlea rc eanntdr epsr e di ct
of fleets to better manage and store power froc

wind and sol ar .

URBAN FOREBDBHERGY SYBTEMSBCHRARI C VEHI CLES 5!



I't is recommepdett Shatl @andnand the Scottish Gc
industry and academia to exploreXthepotppati omk
and how this might infl uence cihdaerngeirnggy bseyhsatvei no L

Energy Markets

Thencreasing availability of | ow cost energy s
production of EVs, combistedi Wutbdtboereiggreganer
situation where connection to the electric gri
without compromising reliability and increasin
el ectTheiitmpact and role of EVs i futds-u@apoxkting
model should be further investigatedjaasythis
attracteinad lInhidvi duals and communities to indep

ener gy resour ces.

El ecvtertiices as a gri daseopatygenstueiatbeudy cteoeldnci | | ar
that require fast respamaaé¢eloenmE@ls Goude mmememtt s
El ectricity Market Reform is |likely to see anc
i mportant role ov&ontdauonvesxt ifgawvi yemarmand i mpl e
mechani sms saoaftbheastati mMges faond withbirtasageésmtn t he

of rameworks for these services to be provided.

Participation in ancillary services markets wc
aggregailbirs sees the proliferation of tsomablel en
drawn on aBhea adhodegator acts as a middl eman b
net work operator who it can provide anc.illary

DNOs may use aggregators as a source of gener e

Invesmndgmen network inheamorecte@aet icwaa tthhaanmghpr oac
forecasting can provide DNOs with some insight
how much to invest ©bnsnoeewobWwibtlahveeroeaflrdirisena Ce |l y

dretvhe mar ket and there may ntohterbee asrueb sstiagnntiifailc

numbers of EVs cdeméandg a tangible

Energy companies are | i kelnyohbtiol iptlyays ear vsiicgensi,f iw
formed between ot sairc hi mdu srterhy cd |&ahymsrnsambigct eadr
t hbeundl i ng of ewmietrhg ymapdrrioldinsodtsenl ge cvterhiicc | es mor e

attractciomwa @&fdective

Anot her i mportant amesamerf k&adé¢h gwninfeante dilsa g e
consi dereantili ea | ptitat i aalteilgagesnde rtgoy consumpti on and

promote th&Veaptdakner ef ge nraewaarl e neensesr gy

URBAN FOREBDBHERGY SYBTEMSBCHRARI C VEHI CLES 51



Bringing all of these various str andSs ottd gaentdher
and Scheet Gosdr nnoernkt wi t h relevant partners to r e
devel opments in energy technologies and busi ne
i mpact of these developments on the prospects

numbers of el ectsrtiiomdueattheet esnméeghment s in this
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10 Appendi x

Thparti coifp@mhtes ti sh Goveprnimeantte psutbd kiechol der wor
el ecvterhiiccl es and érédgyns Pdad@sliilst2d®dd 5bel ow:

Name Organi sations

Martin Hal e ABB

Laur einhciet t oc k Aston University

Benny Tal bot Community Energy Scotl an
Bob Murphy Edi nburgh Coll ege

|l ain Macl eod Energy Saving Trust
Senan McGrath ESB eCars

Matthew Lumsden Future Transport Systems
James McKenzie Scottish GsovElrencmernitci ty [
Ni gel Hol mes Scottish Hydrogen and Fu
Sandra Purdie Scottish Power

Mi chael Ri el ey Scottish Renewabl es

Ewan Swaffield Transport Scotl and
Laurence Kenney Transport Scotl and

Zak Tuck Transport Scotl and

Craig Morton Uni verAberndeoédn

David Beeton Urban Foresight

Mi a McMill an Urban Foresight

Adam Sul ei man Urban Foresight

The participants at the Belcdnan s & khdreu alreys t 2@ T

bel ow:

Name Organi sati on
Zak Tuck Transport Scotl and
Damon Hewl ettt Scottish Government
Heat her Stewart Scottish Government
Laurence Kenney Transport Scotl and
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Hannah Smith Scottish Renewabl es
Nina Ballantyne Scottish Government
Emilio Tejedor Esobar Scottish Power
Adam Sul ei man Urban Foresight

Senan McGrath ESB/ Eurelectric

Angus McRae SSE

James Veaney Of gem

Mi chael Lambert SSE

Nei |l Watson Scottish Power Energy Ne
Gerard Boyd Scottish Power

Frank Clifton SSE

Mel i ssa McKerrow Energy UK

David Beeton Urban Foresight
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