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Background

I'n our Future Energy Scenaheoberi&EiSY) afocutmemage ailncrea:
scenarios have an incréasénimpromistenburedewabreggenera
future as shown in Fig. StpLhge Sior agekedyultdo eda henst
inject electricity into omwetalos-thobactedd cwit bi tdy sfr bmuttd
electricity network. 't isolaarhiagnhdl ywi exfdf. e EtVisvear £o kregye t
flexibility which can pr otvriadres pfoadtatf orgaedcy heywynwibl ,
manage network constraintdisndi maki mhseetwer kw.al uUlke ESO
of intermittent sources. and controll ability of di str
El ectric vehicle (EV) batt-rehrelrees_f 0c_raen Be& t"’lrreeatpeldanansI N9 ftoor
of storage in electricitycl'?é)tavl\HJli,tyWhiIe their behavi o
woul d be different, as thdyearhé ghotpealeways i ooanmdc tsetdor 8
to the electricity networ kowTkESOt omer anhds mtalyemi s yweteen.f
its demand is driven by htimen hbeerhdiivigpumbehawi mar ketf/or
system signals if smart chameng D& aspprigd. aRdgEVe Z1I
shows the increasing trendthef B¥snei ntifme.ur el,hivsherepbdhte
maj ority adopt smart chargdhewlgayildur of storage and EVs
operability.

Capacity of storage in distribution networks Net peak electricity demand from EVs
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Fig. 1 Capacity of storage in distribution networks Fig. 2 Net peak electricity demand from EVs
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Behavi our
and EVs

A Demand behaviour of storage is complicated and
uncertain.

A EV demand is affected by the usage of the car and
the way of charging.

System Operability Framework

of ™Y r age

Smart charglng refers to cha
the ability of shifting the ¢
internal or external signal s
have the flexibility to alter
the time of charge and charg
charging can be used to both

A simple example is delaying

A Smart charging would be used by some storage are first plugged |'n at ,18:00_

i system demand is high with h

and EVs to increase revenue or reduce costs. Wwhile at 01:00 the demand wil
electricity price. I'n this wa

Storage pattern can save money, redu
be beneficial to the system.

The demand behaviour of stgcbrnaeqeatii%ngomplkiece\,\;iehdd; afnd’ s ol
any t wo identical storag%|\A,6(1>;a§alsli@tiaotns;O\A;h,eéleiOahraq

sever al ways they might rs%%PnQ”sQiEQtead N udnR £l t Ofwehyargir

di fferent

reqguirements or

cdormnYuen’isc-attiboths HBEI It § MPcactnt 9

the electricity system andpnak9wi ke itSheOPRERTI PdaMmayn e+
guite different. Our worlgewdtdtitohe hfatcBAB| dlefrUisnty bot
identified 12 use cases §@qF orShLtria@Pe. as shown in
Appendi x A [ 2] Storage coul d behave t owar ds
. . . . . .f_orecast s thas tdhe aJor
providing grid service, maX|m|2|nOg r‘evenues/ reduci ng
: W%lTl|d a o'pt smqrt charging i
costs, or supporting renewa e gene at|on EVs
scenarios [ 2050 as shown i
shows an example of demand
Electric vehicles uncontroll ed EV and a smart
responds to market price.
Wit hout smar t charging, EV demand i s driven by
usage of cars and time when c hemE:: Community cted.
. Evolution Renewables
I n a typical day, there are 0 o e you
woul d expect there to be a 73/0 78% o re
charge EV batteries; a small er Two mor ni ng
commute when people charge at Degrees nd

|l arger peak after the evening 65% opl e
charge at home. Figure 3 thg[: a IIIDI.UIllbf vvccrl](day
EV clerarge demand profile zi)gé[oh “ArgimesP rtéc'?a¥0n evehS Orrs'ndalncn %;rgmgm

[ 1]

Time of system peak for
electricity demand 5-6pm.

Effects of workplace and
public charging peaks. |

Typical residential
charging peak.

N
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Fig. 3 EV recharge demand in a typical day
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Fig. 5 Uncontrolled and smart charging EVs demand profiles
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takes it one step farther. I
stored in the vehicle battery
system operation or sell the
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O b I - t I m (E ﬁ) rage behaviour
p er a I y h e brag mar ket and sys
O or t u n| t | eyS . For exampl e, storage,
p p s€rvice to the ESO, mi ght di e
p . . Frequenc Response FFR ear |
A Storage and EVs with smart charging are enablers q . y . P ( . )A .
L s FFR i s requiredoe@ahusyd 6€bal
to decarbonization by shifting demand towards low
_ . _ treated as a case where the m
carbon intensity periods. or there is delayed response
A Storage and EVs could alter demand peak and I'n 6Economic idealizationd ca
minimum, impacting demand forecasting. optimized participant in the
A Storage and EVs could increase demand ramp rate, t o o | is used to dispatch stor
requiring faster frequency response and more dy- economic manner . Groups of st
namic reactive power support. to a market signal in the sam
A Markets need to be well designed so that storage ﬁ eh :V Lour f OtE conom _C I d eda II II e
and EVs could support system operation whilst erding o storage 1.s mode €
maximizing profits. The behaviour of storage and
uncertain, SO none of t he c a
perfectly reflect the future
ESO has i mited ViSibi'ilﬁb{de‘?fstasﬁoorfaugteuré”fjmp'-:a\ésts. Th
connected to the distribuﬁh@nilﬂﬁéd/vtor(gf, sbtuotra%%e%thEVs
transmission networ Kk dema”tdnaﬁsrﬁi-séihc?n”Bémﬂﬁdtfb%a@r/q‘n?%i
demand (from home and indcuhsatnrgye)s, generation and
storage on the distributio[51 d r k. As the amount of
storage and EVs i ncreases; ea demand seen by
ESO control centre would Ijeorﬁ’akndveﬂé’akdiif§ert%’bt-poTihnitS in
demand change woul d i mpachadioWu mWed edP&da ties tshh& n . Fig.
system. I'n order to anal ysg stihg piyiB FHot gt SttrPefagdeai"‘}Wd (
EVs L system operabilityomp¥eedC?@BPam&d ¢B8d€fe6 case |
transmission network demand in the followina cases in
Tabl e 1. Peak change in 2025
Table 1 Study cases in this assessment
— EV_only
—— Close-to-reality
—— Economic idealization
Assume no storage and no EVs are used in
Base
the future network.
EV onl Assume only EVs are used and no storage is
—onty used in the future network. | | : : : |
Closeto- ~ °¢ch z| Wi ~ dgAzY "6+ b: -4 -2 0 2 4 6
reality the storage tool? based on FES scenarios [2] Size of Change (GW)
Economic e ch zl Wi~ dgAzY "6+ b:
idealization ~ based on BID3 economic dispatcl. Peak change in 2030
I'n this assessment, EV de
t he EV charging i nnovati. y
contain both uncontroll e
charging. The OEV_onl yo
i mpact of EVs assuming the
I n O0Clocesad i t yd <case, t he
defined by the stdrades ' ' ' ' ' '

. . . -4 -2 0 2 4 6
scenari o information was U _ cer
val ues in t he mOdelling t vu L o Slzeucl)f‘(,:h\e}ngel(G\‘/)V) ouppuocd to
be ctoeal ity. The storage mpif @Dehahdpedik chhingeih 20281a8d2030

2This storage tool was developed in an innovation project with the Carbon Trust to model the storage demand behaviour [2].
3BID3 is an economic dispatch model used by National Grid ESO. Details are provided in the Network Options Assessment [3].
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these hours. Whil e the ﬁgvol ek f Je ma'n frosms C_)W
EVs make the demand peak néreaecljr e CO ec rquOI’I% varita
of 2025, and al ways increag%m?rﬁ 853 an menmu are

orecasting The |ncreased vV a
I'n O0Economic idealizationgﬂ FidmEm EBGIdde'a'Q'F%ctpe%khe ac

vari es in the widest rangebrggasatiln@r'gewhargchunéouqfd i noc
storage behaves simultanepdesilayt ef oglpleows gt eMRTr keSO i s

Whi @¢r & & Patnagk ER/GUCE
otheleC@dSgMmént ttiSatielglyu sttor &tnfps o

changbéerding behaviour.
more times compared to

how storage with appropri
help to reduce the demand

Demand Minimum

| owe st demand i s seen.

a c
Fsampl ate

Ramp

rate refers to ho

system i mpact of |l arge
Mi ni mum demand i s t he pPoipbtadNtbhegndadympuh ame et hods bot |

Ao wdOWn | f Ngcdftiigyve

ontrol could potentially

our de
w f ast
ramp

‘powle® the

6EV_onlyd case, the increags9ugh ¢&08HHhs@ NiguM dSer ve
higher than that of demandppgaksiwinndgd 9inbpoBlLCalsER be
arer i éndy kat ¥t uPohacelar oo
in periods of lTow system dewmaddic | Wy CfJLOGupp&eNShE ¥

EVs with smart charging

and | ow energy cost.

Size of Change (GW)

Size of Change (GW)

Fig. 7 Demand minimum changes in 2025 and 2030
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Fig. 8 Box plot of transmission demand ramp rate



