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Smart Charging: steering the charge, driving the change

A EURELECTR#&per March2015

This paper presents the potential of smart chargargl related benefits for customers, the power
system and society more general8hedding light oindustryexamples and projectd concludes by
outlining key action$o ensute the effective roltout of smart chargingthuscontributing tovardsthe
implementation ofa low-carbon energy systerand sustainable transpdr This paper addresses EU
policymakers, reglators, electricity ande-mobility stakeholders, as well as customdisis divided
into four main parts:

9 First, it explainshe challengeghat increasng numbers ofelectrical vehicles loadsanpose
for electricitydistribution grids

I Second, it shows thdly mordinatingthe charging process, the risk of technical bottlenecks
can be overcome amhinvestmentscan be avoided or at least minimised he flexibility that
such 'smart charging' can provide will ultimately benefit customeremergy costs are
reduced and new seives are created. Smart charging will also benefit society at large, in
that it optimises the use of the power systeand supports renewables integration.

9 Third, the paperlooks atdifferent examples of how the industry is engag in smart
chargingg ranging from usingimple load managementechniquesto usingelectric vehicls
as decentralised storagend sparebalancing capacityin this regard, the paper benefits from
latest RD&D activities carried out by EURELECTRIC members in Europe.

1 Finally, the paper sets outeven key recommendations and actiorfer policymakers,
regulators and emobility industry stakeholdess to ensure that smart chargingecomes a
reality in Europe.

The content of this paper is supported by the results #URELECTRIC suresythe effects of e
mobility and smart charging in particular, carried @uautumn 2014and basedn a modellingtool

developedby EndesaRespondents from 11 countries participatethcludingdistribution system
operators, retailers and industry associations.

The main aspects covered by the survey included -teng e-mobility market estimates smart
charging trends and active custometbe impact a the distributions gridsas well as power mix
trends and emissions. Tlsairvey questions anksults can be found in the annex of this paper.
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ExecutiveSummary

The power system is in the midst of transformative charig& S $hort@edm 2020 and mediurterm
2030 agenda for emissions reductioms;reasedrenewables penetration and efficiency improvements
fostering the development oflecentralisedyenerationand electric vehiclegEVs) Tointegratethe flows of
the new sources of supply and the new forms of demand, the power sysittmeed tobecome smarter.

[A1Ss6AaSE GKS 9! Qa (NIFyalLRNI atBv@ide distahable ambikys NH 2 A
Transport is responsible fobaut a quarter of EU emissiorend is almost exclusively dependenh oil.
EVsprovide an important part of the solutiotowards more sustainable transporThey are cleaner,

quieter and three times more energy efficient than their conventional counterparts.

As the share of EVs growsgtelectricity distribution grids at local leal will most likely be first affected.

Even at lommarket shares, EVs could easily congest local transformers and disrupt voltage Facadd.

with this situation,as networks were designed to meet demand at all tim&sS §{ NJ R atd¥ 2 WHS (G & T |
approachto distribution network developmenivould imply building more lines anttansformers. But this

approach may no longer be the most cestectiveas it involves high technology adoption costs that might

be burdeninghe national power systems amateventing emobility from trulyhitting the mass market.

Another solutionalso exists. Inelectricity and transport,the key enabler for electric vehiclds amat a
charging2 Smart chargingnvolvesthe intelligent chargingof the batteriesin electric vehiclescharging
them in a way thatvoids excessive and costly spikespower demandand alsog in the years to come
usingthe batteries of the cars as storage to deliver valuable sentizéle electricity systemas well as
maximising local integration of renewable energy sources (RES).

Smart charging caglelivernumerous benefits focustomersthe power systems and socieqs a whole

9 Customer participation in smart charging is only possible if customerseiee clear financial
benefits thatcanlead them toplay a more active role

With 90% of the charging estimated to take place at household and workplace locaticménportant
that smart charging measures are adopted and made available to custoiéite smart charging,
customers will be able taharge their EV at hom@ithout havingto increase thebuildingQ daximumgrid
connectionpower and thus manage their own loadhis reduces the need to reinforce the glédding to
lower energy costsThe same argumentan also apply for fleets (e.gorporate fleets) that can benefit
from advanced pricing models building on the smart charging concept.

Moreover, customers will be able to save on their energy bill by agreeing to shift their consumption to
off-peak hours with cheaper electricity tariffdn doing so, and adding further savings from fuel switching,
OFNJ 26ySNE OFly o0SYSTAU FTNRBY | NBRdzOGAZ2Y 2FasH o> A
O2YLI NBR (2 I O2y@SyilAz2ylf FdzSt OFNX¥ ¢KSAS al gAay:
To make smart charging attractive for customers, it is important that custoarerscentivised and made

aware of the financial benefits involdeRegulation should also be adapted to support smart charging.

1 Smart charging can enablEVsto act asflexible loads and decentralised storageesourcethat
can benefit the power system as a whoénd minimise or eventually avoid grid reinforcements

Our analysis shows that even if all the cars on the road today were electriccilngent electricity system
could cope withthe resulting increase in electricitydemand i.e. a corresponding 802 TWh or 3%
increase inthe total demand¢ but only if the charging of those cars is carefully manadedeed,while
providing a fully electrified fleet is possible in terms of energy used (kWhyase of uncoordinated
charging EVscould have a huge impact on demand (kW) of electricity aaaetimes.



By coordinating the loads, smart charging can help avoid major overloads while optimising the use of the
grid and generating capacityn this way, investments in distribution grids can be minimised by avoiding
major grid reinforcementsin addition, smart chargingan help totap the significantstorage potential of

EVs- especially at the household lewshen the whole integration of EVs, storage and solar power system

is put in place Indeed, 1 can enable electric vehicles to be chaigehen there is surplus renewable
capacity available.g.solar at noon and wind at nighln the bngterm and mass rollout of EVs, electric
vehiclescouldact as distributed storage resourt@ support power system integration.

9 Ultimately, smart charging can deliveimportant sustainability gains for society at large

E-mobility brings important societal benefits asintiproves energy efficiencyair quality andurban noise,

and reducesCO2emissions. As an indication, withpawer sectorcarbonintensity of 330g CO2/kWh in

2010, a typicaklectric carwould result in emissions of around @6C0O2/km, compared tan averageof

126 g CO2/knfor new carsin 2013. Electricityas a transport vectois thus an extremely effective way of
solvingthe9 | Q& (G NJ y a Ll NI wBi¥tAAa&IRWET OKK $ f ISWwAEI t O02ad 27

Theuptake of electrianobility and smart charginig expected teestablish a positive loop with renewables
integration, given that anobility is a poweidense, mobile and controllable load. In this regasthart
chargingcould lead to almost decarbonisation of electric transpaas less emitting power plants outside
peak hours are used and morenewable capacity is utilisedachievingin addition annual savings of
1,863 million EURs a result ofivoidedcosts onCO2 emissions 2050.

In addition,the EV potential in terms of reducing energy consumption is also signifiekdtricvehicles
can be three times more energy efficient than conventional caveith a potential to achieve a net
reduction of 137Mtoe (million tons of oil equivalent) per yar. Smart charging will help boost these
values, as it reduces socitosts and benefits the environmenthile increasing power system efficiency.

Seven ky actions for policymakers and-mobility stakeholders

1. Set up supportive policies for emobility and smart charging Provide a stable, supportive
framework for emobility roll-out which has to include, from the outset, supportive measures for
smart charging.

2. Incentivise innovative smart charging solutionghrough smart regulation Incentivisedistribution
system operators SO} and electric mobility market participants to invest irsmart charging
solutions and servicesncluding innovativegrid feesand/or ICT infrastructurdinancing models
depending on thenarket model in place.

3. Support the customer who has the ight to be informed andempowered: Work on winning
strategies for the customerthrough efficient price signaland smart contract based control signals
Understand customebehaviour and creatawarenes®f the possibilities to use load management.

4. Develop innovative smart charging technologies and servicBgvelop energyand power flow
management systems that allow for optimal EV charging and mostetfisient solutiors, including
investmentsin ICT systemsntelligent charging infrastructurer advanced algorithms for local
integration with distributed energy sources.

5. Prioritise demonstration and commercialisationPrivate and public actors have to increase
cooperation to enable the rebut of large scale demonstration and pilot projects

6. Ensure EWvide interoperability, common standards and efficient exchangeioformation: Agree
and developcommoninteroperable standards(both at physicaland ICTlayerg and on clear actor
definitionsand rolesfor smart charging

7. Create winwin synergies and exchangestweenelectricity, automotive anananufacturing sectors
The electricity industry should increasingly engage withability stakeholders imaisingawareness
and developing begtractices with a focus on customer opportunities

! Based on 18/ton assume in 2050; smart charging results in BEV emissions of 10g CO2/km and PHEVs of 45g/km



Introduction

E-mobility and dectric vehicle$ are a greatopportunity for the electricity industryBut they can also
represent a big challenge as thegndisruptthe power system in a major waggddingadditional peaks to
the already observegeaks created by variabRESAt the same timeEVscan act as flexibléoadsand
decentralised storage resoursthat can provide additional flexibility to support power system operation.

Theanswer to tle negative and the positive scenario is the same: smart chargeg way ofoordinating
the charging processaccording to conditions regarding customarpreferences, distribution grids
constraints or local RES availabil®nly smart charging helps to avoid magmerloads andlets e-mobility
contribute to an improved power system

To optimisemobility and energy uset is crucial to move towards charging of electric vehicles, as well as
other electricity loads, in @amart way.An intelligent exchange of information and connagtielectric
vehicles and recharging points with thelp of smart meters or other intelligent infrastructure will be
needed tooptimise the gstem and empower customergith the information theyneed.

Studies have shown that cars in general, includivMg are parked for about 90% of their lifetim&his,
combined with their significant storage capacity atid fact thatthe battery isusuallynot fully spent in
the average daily journeygcan make EVsan attractive flexibility solutiorio supporing system operation.
There is significant capacity available to be harvested by services enabled through smart charging.

Smart grids could enable electric vehicles to provide flexibility sertocid® power system in two ways.

First, wth load management for electric vehicle charging, the charging process can be controlled by shifting
the charging period taimes of lower demand, reducingr increasinghe charging power, or interrupting
GKS OKINBS 27 daseSofedargedrya situations.(iTBeNdbargihg/can also be scheduled to
coincide with availabl®&ESuch as wind or solar, thereby promoting renewables integration.

Second,n the longerterm, EVscould bring even greater flexibility to the system by supplying power back
to the grid or home in a Vehicte-Grid (V2G) or Vehict®w-Home (V2H) scenariolhe cars can be used to
store excess power froRESnddischargeit at times of high demandJsing EVas decentralised storage
could be attractive in the longerm as the numbers oEVsand renewablescontinue to grow.This could
include the full integration of EVs with storage and DERs.

In times of high peak productiotoday loop flows currently upset neighbouringsystems. Alternatively
generation sources are turned off in order to avoid major disturbance. Wittobility and smart charging,
in contrast intelligent load management could take pla@nd an extended integration of loads and
production systems can be performed.

2 Electric vehicles in this report are defined as vehicles that depend on the electricity grid (nein pidogids and fuel
cells are not included)
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E-mobility market uptake

E-mobility provides an important part of the solution to energy and transport challer@dean and energy
efficient vehicles hava key role to playn achievinghe EW iansportpolicy objectives of reducing energy
consumption, CO2 ens®ns, and pollutant emissionklsad smartly, electric vehicleswith rechargeable
batteries play a crucial role in the future electricity systétiowever, geater links between the transport
and the electricitysector will be needed to realise this potential.

Current markefgrowth forecass for EVsstill involvea wide degree ofuncertainty and dependn avariety

of factors, includingovernment policiespurchasing costandOdza 4 2 YSNBR Q gAf ft Ay3Iy Saa
According tothe EURELECTRIC sureaysmart charging and-emobility carried out for this papera
transition scenariavould achieve a 10%lectric vehicles share in terms aécumulatedmarket sharesn

2035 This figure is achieveay following I Y -QodgNBeSetopmentof market growththat saturates at
22%by the same year, representinige limit for market growthin annual sales 2035.

25.0%+

Exponential Saturation

—S curve

Takeover after 11

20.0% years

15.0%

10.0%- o

Start of fast
growth in 2021

5.0% -

Figure 1 EV market uptake in a transitioncenario(%)(theoretical approachScurve vs exponential curje
Source: EURELECTRIC smart charging -amobdity survey

We can expectin uptake offast growth startingn 2021, possibly becausears withhigherbattery capacity

of more than300 km would by thenbecome available on the market a costS T F SOUA BS f S@St
Figure 2and Table Bhowrelated developments for the-enobility marketuptakeunderall three scenarios

(slow, transition, revolution) in tersof both annual market shares and accumulated market shares
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Figure 2 EVmarket uptake inthe three scenarie. Upper graph Annual Market Share (%) and Salddgillion). Lower
graph Accumulated Market Shar&b) & SalesMillion); Source: EURELECTRIC smart charging-amebdity survey
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Table 1 Accumulated 8les(Million) and Market Share (%)
Source: EURELECTRIC smart charging -amabdity survey
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According to estimates a simultaneous development with an equal share of bothnphydrids (PHEVS)

and fully battery electric vehicles (BEVs) could develop by 2035. In comparison to BEVs that only use an
electric engine and a battery that can be chargdexm the grid, PHEVs also use an additional conventional
FdzSt Sy3IAaySo !'fGK2dza3K t19+xa YlIe& KIFI@GS | avylfftSN ol
drive morekm per day on average than BEVs. Nevertheless, PAMiENBEVmmayhave different imactson

the grid depending on the country, use case or the availability of recharging infrastructure.

30,000,000 7 - =========== === mmmmmm oo

25,000,000 - -~~~ <<= A

mPHEV  mBEV

20,000,000+

15,000,000+

10,000,000+

5,000,000 -

0 -
20152017201920212023202520272029203120332035

Figure3: Share ofaccumulatedPHEVs 8EVs by 203 a transition scenariq% and million) Source EURELECTRIC
smart charging and enobility survey

The major barriers for-enobility are currently seen today the:

f cost of batteryA Yy U S NJY &, an@l therefore thé dést of theelectric car in generalof which
the battery represents a significant part (normally not lower than 25%)

 limited electricstorage capacity that infences theDl N a NJ y3IST | yR

9 lack of charging infrastructuréncluding smart charging business models availability

On the other hand it is evident that fuel costs are very competitive: despé@eecent fallin the oil price

experts converge that the oil prisevill remain volatile andather increasghan decreasen the future.In

addition, an eventual spike in the price of oil could have even further negative consequences for

customes. A higher share oélectrification istherefore essential toreducingemissionspil consumption

and air pollution therebyeading toa more efficient and sustainable transport and power system.

We also witness promising trends on several of theriersassociated withe-mobility. As for the range,
there is a positive trend in battery technolggyhich couldsee their capacity increase between 36 kwWh and
43 kWh in 202%n a slowor revolutionary scenarioespectively These figures mean thain average cawill

be able to provide a higher autonomy of more than 300 km, thereby overcomasinge anxiety. The
battery of an average vehicle is also estimated to achievenangy density of 287 Wh/kg in 2025.

3Assumptions based on Nissan Leaf battery of 24kWh with a given manufacturing range of 200 km.
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At the same timethe costsof batteries a criticalcompment of the overall costof a carand range, are
expected toexperience a promising learning curve, with a significkedlinein costsin the years to come.
A battery pack of 3KWhwould see a reduction of 48%eaching the value 0f53€¢ k 1 2 RO025\nythe
transition scenario For comparisonestimates fromMcKinseyexpectbattery coststo drop to about 173
e/kWh by 2020, therebyfalling between the EURELECTRIC transition and revolutionary scenario.
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Figure4: Development of battery cost® eand capacity (kWhjn the three scenariosSource: EURELECTRIC smart
charging and emobility survey

Overall, lower battery prices will be a key driver for masgket adoption as well as massarket
adoption can trigger lower battery priceBatteryefficiency and the number of times th&an recharge is

also important. As an example, even if the battery can be recharged 5,000 times (80% state of charge), the
total amount of km an average EV can drive over its lifetime is higher than current expestafinternal
combustion engingICE)ars.

As for the argument thaEVsare more expensive thalCEcars it is important to remember thathe cost

structure is very different for both types of vehicles. Inddkd purchase price of aBVcan beabout 14%

higher But customersA &t A& | f a2 AYLRNIIYy(d thatheNdtah 4 2 @ dza 2 26 SINI
lifespan couldbe around23% less expensiwdue to energycostsavings, but alstower maintenan@ costs

On our findings, lte major savings due to the energy cost whigathree timeslower as oil is substituted

with electricity (see Chapter &). Realprice parity ofEVsand ICESs expected for 2020f battery prices

decrease theEVcan either become more affordable or have an extended ramgéh of whichcan then

have an even stronger impact on ttegtal cost of ownershigomparison of EVs #&CE cars

* https://handlemanpost.wordpress.com/2013/12/24/cogtrojectionsfor-lithium-ion-batteries/. Convergence
dollar/euro at 1 EUR = 1.15462 USD, January 2015
5Ass,uming a battery of 25 kWh and efficiency of 5 km/kWh
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Regardingthe last challenge, the electricity industry is actively emgaagvith other private and public
stakeholdergo promote the necessary chargirgplutions andnfrastructure as well agnsure customers
canconvenienty access thenfrastructure Member stdes are also expected to make significant progress in
this area as they areequired to prepare national plandy end2016 with own targets for recharging
stationsas part othe9 | Q& RfbriiB depldyd@edit of alternative fuels infrastructure

As more governments encourage the adoption B¥sthrough buying bonuses, tax breaks and other
measures e-mobility is set to take off even more strongljhe recent German law offering free parking and
LISNXYAadaAzy G2 dzaS odza f lpyidsal f@ AbditiodalOnmeaB NG yonkrease2h@ S NJ/
buying bonus for electric vehicléap to €10,000 for cars older than ten yeams)e just two examplesof
measureghat can significantly boodtV uptake.

Electricvehicles loads and impact on thgower system

A key factorto understandEVsinteraction with the power systenrelates towhen andhow they are
recharged According to our survey30% of the charging is expected to occur at home, parking lots near
home or at the officeAs a resultthe low-voltagedistribution grids in residential or commercial areas are
likely to bethe first influencedby an increase in electric vehicles loatoreover, unlike other loads,
electric vehicles are mobile and therefore are not always connecte¢de sameplace in the grid

From a power system perspectivetilities are conscious afwo elements with regard to the systena
ability to introduce additional loads: the energy used at (kWh) and the capacity/power required QknV).
analysis shows thahe additional electricity demand due to EV loads in terms of increase in total energy
demandis feasible evenahypotheticall00% electried fleet will add 802 Wh ora 24.3% increase in total
electricitydemandprovided that thosevehicles were charged outside peak how®wever, depending on
their usagepatterns,and thusthe timing andthe amount of chargig power they draw from the grieVs
could have a significant impact on thpeakdemand(GW) of electricity at certain times and locations
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Figure5: Stress on the electricity grid during the day due to EV charging 4aee charging stdons

Source: eLaad bundation

The typical usage of an electric car shows that during the day the car is normally on the road, implying that
the charging will be concentrated in the evening, when commuégrsve home from work(except if the

cars charge when parked at the offic@hismeans that the increased load will most typically coincide with

the already existing evening pesalkn residential areas. As parking for longer hours is largely related to
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commuter usage behaviour, there is also an additional risk #lactric car usagecould lead to late
morning peaks when the drivers park their car at work, mainly in commercial or industrial areas.

Under these circumstancesncoordinatedchargingcould result irexcessive peakfat occurfor justa few
hours a day, while the remaining part of the day is unaffected. dhkl have farreaching consequences
for all the stakeholders involved: distribution gridengestions due to power pealand voltagedrops
increased costs of electricigonnection and useexpensivegeneration and grideinforcements as well as
wider socetal and environmental effectsSuch situations coul@asilybe overcome if thecharging was
actively managetb make better use of the available generation and gridacity.

On the other handthe fact that cars are parked for a long period of time during the night, and for several
hours duringthe day means that electric vehicles can make use of the available storage potamial
balancing power Smart chargingwill make it possible to avoid most network reinforcements and
associated costs, and tap thmwer andstorage potential of electric vehiclexcording to the business
model in placeThe cars can also be scheduledomcharged wherbuildingsproducing more power that
they consuma.e. at noonwhen there isenoughsolar power available.

In addition tothe challengesand flexibility potentialthat electric vehicles may bring concerning grid
impacts, electrification of transport presertise eectricity industrywith a significant opportunity. They can
increase their revenues through increased sales of electricity by tapping into a new market and develop
new business models for charging infrastructarelinnovativesmart chargingroducts and services.
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2. What is smart charging?

EURELECTRIC is aware of thgaing discussiagto agree on a definition of smart charging, amongst
others, the CEMCENELEC Ad Hoc Group Smart Charging under Mat@@ate

This paper takes adefinition for smart charging the one used by GERNELECHereit is described as
osmart charging of an EV is when the charging cycle can be altered by external events, allowing for adaptive
charging habits, providing the EV with the ability to integria® the whole power system in a gridnd
userfriendly way. Smart charging must facilitate the security (reliability) of sugpdywhile meeting the
mobility constraints and requirements of the user. To achieve those goals in a safege seeliable,
sustainable anefficient manner information needs to be exchaddeetween different stakeholders.

The CENCENELEC paper also mentions #mart charging involveg & KS OK | NEHchnfr@dledbyF | y
bidirectional communication between two or more actors to optimize all customer requirements, as well as
grid management, and energy production including renewables with respect to system costs, limitations,
reAl 0Af AG@T &S GemNal dctors tay iRfluehde Braiit &rarging and can play different roles
depending on the market model in each country. More details can be found in nex

In any case, smart charging is a process driven by both:

1 Price signalswhere flexible EV loads respond time-of-use, dynamidiourly price of energy, price of
maximum instantaneous power demanekc.

1 Control signals according to grid and market situatisnrequest for temporary demand power
reduction, allowance for increase the power etc.)

The control mechanism can be enabled by the grid, by the charging point, or by the vehicle itself, while a
communication system with the grid allows the charging process to take actual grid capabilities into
account(intelligent algorithms can be distributed ali three levelyas well as customers preferencéice

or control signals can be communicated through an ICT infrastrugtuge intelligent metering system
communication between charging stations and lkaod systemyin order to allowalgorithms to take
generationandgrid constraintsnto considerationas well ago enable thecustomesto benefit from price
opportunities. Smart charging should respect customer's needs and charging requirements regarding
vehicle availability as long as there are no critical limitations by the grid or the energy supply.

® WG Smart Charging RepartSmart Charging of ettric vehicles in relation to smart grid, GEENELECMobility
Coordination Group, CEBENELEETSI Smart Grid Coordination Group
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3. Challenges and opportunitie®f smart charging: customers, power system,
society

Smart chargingan represent an opportunity for all the stakeholders involved:

Customers:satisfactionreduced energgostsand ecological valye

Power system optimising generation and grid capacitgost efficiency byminimising network
reinforcement costs facilitatingrenewables integation;

1 Society:reducinglocal and globaCO2 emissions and related costsaddition to increasingnergy
efficiency and social welfare

1
T

a)Maximising customerconveniencewhile reducingcosts

Studies show that Edsersprefer to charge their cardn regular patterns, rostlyat home or at workwhich
means thatthe residentiallow-voltage gridswill likely be the primarychargingpoint for EVsat leastin the
medium- term. As seen previouslg ! w9 [ 9/ ¢ w lalso@hbws thatA0Eh Sfdthechargingis predicted
to take placewith normal and medium powen locations such as households and workpsdne2035.This
charging behaviour demonstrates the ne@d $mart charging to change custontshaviour.

At the residential levelthe EVhas the potential teeven double the power consumption of a househiid
some countriesSignificant upgrades of theome grid might therefore be required €i.need to increase
the level of connectin and subscription powérwhich may come at an increased cdst.contrast,if the

chargingcan be managedcustomers caroptimally usethe moment when thechargingprocesscan be
accommodated within the existing infrastructur®Vith mode 3 chargingcustomersare alsoable to

manage the power level (the amperage).

In order toimplement smart charging it isrucialto inform and empower customsrabout the active role

they can play in avoiding the increase of the cost of electri€itystomers must be made awatfeat their

carsmight bechargedwith a delay or that thebattery may not be fully chargedt the start of a trip but

that neither necesarily hasan impact on their mobility needs while it can improve th#2 ¢ SNJ a& 4G Sy
economic and environmental performanc@ustomer acceptance will depend on acfafise it electricity

retailer, e-Mobility Service Provideretc) respecting a set of customeefined requirementsQustomers

can for instanceseti K S depaiiiredimeor the required battery capacity reserve. The charging station

then determines the current battery status and calculates the energy necessargdb tiee desired state.

In addition, eistomeis could more easily accept a smart charging serviceisfaconomically convenient.

Indeed, smart charging could lead to significanst savingsif customers useheaperSt SOG NA OA (& |
LJS I { €. Thisis poSsiblevhen timevarying prices are applied (i.e. tirod-use or dynamic priceghat

can incentivisadriversto chargeat more favourable timegor power system operation (e.gvernight)

Qustomers may take therice signal into account othey may decide not to and pag higher price as a

result New charging models with @mium prices that penaliseeakusageare also being considered.

Figure 6shows thatcostsavingshetween 24% and1%are possiblevhen the charging is deferred to eff
peak periods. The reductiois due tothe significant price gap between geak and offpeak hours.To
reduce such peakst is important that price signals are established that will encourage customers to curb
their consumption at peak timesas well as that customers are informed about these opportunifiée
roll-out of smart meters alone will have no or limited impact on peak demand, but should be accompanied
by timevarying prices to provide the appropriate prisignals to customers.

"See Annex 3 for a description of actors involved in smart charging
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Sources: Platts, EURELECTRIC smart charging amaleility survey

Qustomers could acceghe reward or cost savindgisrougha smart charging option via their supplier via
their e-mobility contract with theire-Mobility Service Provide(eMSP) In case of private charginghe
smart charging optioan be planned automatically@ (1 KS K 2 siystédnkUgualliRificase of public
and semipublic locations, customers can berewarded the benefit via their contract with thie
eMSPsupplierthat includes a smart charging servite.any smart charging strategy the customer should
always be in control, either directly andirectlythrough automated systemsQustomersshould be able to
override any automatic load control signal if they need an immediate battery charging.

Active demand response is already happening today for other types of electricity loads. In sontgespunt
Odzai2YSNE | f NBIRe KI@S | aeaidSy GKFG YlrylF3asSa GKS
customers, the coupling of the smart charging system with their energy management system will help to
optimise energy consumption for tirawhole household.

Example odemandresponse in France: boilers and electrical heating systems

Today i France it is possible to control sanitary boilers (i&ter is heated during the night and stored f
daily use) and heating systems in response to @igeals from the energy retailer. Tpecesignals are
sent by the DSO, on behalf of the retailer, from the primary substation directly to the meter locatesl
Odza G2 YSNARAQ LINBYAaASa GAl I t[/ O2YYdzyAOlF GA2Y
process to send loadhedding/shifting orders to customers. Customers can always override the syste
needed, at the cost of higher electricity prices.

In addition, secalledenergy boxesre being developed bgnergy suppliers or ESCOs. These energy b
are able to manage and optimize the energy consumption of tHeime electrical devices, depending g
criteria that can be selected by the customenéegy prices, timef-day, etc.)
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The Grid for Vehicleproject carried out a survey on custom@rs ¢ A f f Adglay yrargiddo affdeak

times (10 p.m.¢ 6 a.m.).Overall, he respondents answered positively bugrecerrs about not being ableo

usetheir carwere the most frequent reason for not lieg interested.Faced withthe option of having their

oF GGSNEB LI NIAFEff& NBOKINEBESR AYYSRALFGSEE Ay 2NRSNJ
yn 1Y O0H®ped 2N) mHn Y oOoeX FdzZf NIy3aSv ¢gSNB |
tendency for a full baery immediately. The interesh participaingin V2Gwas significantly lowethanthe

interest in delayed charginghe low level of benefits expected as a result of participation grasn aghe

prime reason (45% of respondents). Offersktmose betw& y H ne | y Rthat & kighei bededt & R
naturally more attractive for people and stimulates participation.

f

TheEURELECTRIC sumesyltsalsoshow thatonly 5% oEVsconnected to grid at peak timeould be able

to provideV2Gserviceshy 2035.Results showthat customeracceptance of discharging schenags mainly
related to range anxietiyssuesand price incentives. Customers would need a 30% reserve capacity left in
the battery when unloading once a day is considered, and demand responserigéhnrentive discounts

of 20% to 30%The fact that EVs are parked for about 90% oirthifetime couldneverthelessprovide a

good opportunity for their battery to be used as power supiglgding electricity back into the grié&ffects

on the battery sage due to charging/dischargingnetering and regulatory issues as well as economic
viability representadditional issusto be considered in order to fully exploit this technology in the future.

In addition, customes aremore likely to accept an alteration or interruption in the charge with normal
power recharging (even up to 22 kW) as the charging process is likely to coincide with the parking. High
power DC charging is likely to be more associated withoeite chargingvhen a customer has stopped at

a motorway service station to recharge on a longer journey. As they would like to continue the journey
after a relativdy short recharging stop, the charging time may prove more critical for an interryption
despite the finacial benefit involved. It is however estimated that few fast public charging points will be
necessary because most cars will spend most of their time parked at home or at work.

Lowertotal cost of ownership

The total cost of ownership (TC@an represent an importantactor in assessing thbenefits of smart
chargihg for EV customersin addition tofixed coss (i.e. capital costs), the TCO also includes other key
LI NI YSGSNB 2F | Ol éhlrgyantaminyenaycaost® @hicliage coinpatafvely lawer
than for an ICE car.

EV ownerswill be able to save on their energy bill and benefit from a lower total cost of ownerShip.
findings show that toda® ACO includingubsidiedss already more attractive fdeVsas a result benergy

cost savings derived from the substitution of oil with electricitpver a ten-year lifetime of a car,

customers can benefit from aostreduction of up to 23%when the conventional fuel caiis replacedby a

comparable electric caand when smart charging is usedThis figure also includee future scenario
when the EVs will have reached capital cost competitivenessl@khcars

EV ownergould reducehree times their energy bitlue to the EV consumptioWith smart charging, the
bill will decrease by another 30%idEre 7). Therefore, in addition to the reduction in the energy bill
NBIfA&ZSR o0& 9z Odziifetn®, Srkk chargify Mas an adofishal Pdtesti@lzo reduce
energy costs due to cheaper electricity tariffsof-peak hoursAlso,as it can be seen in the figure below,
the purchasng price ofan averageEVin 2014was 14%higherthan the averageonventional fuel carBut
this higher capital coss largely offset by the energystsavings.

8 hitp://www.g4v.eu/
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Table2: Total Cost Ownership (savings EVI@§}; Source: EURELECTRIC smart charging -amabdity survey

As explainedbove the major contributor to recovering the difference from the higher capital cost are the
lower energy costsvhich account fombout 70% in terms ototal cost saving® LJLJ2 NIi dzy’ A (1 A S a
lifetime. To realise smart charging, additional infrastructure such as ICT devisegnart meteringmight
needto be installedwhich is alsanore thanoffset by the savings incurredloreover, EVs ith higher
battery capacity and greater range (C, D) eahievegreater savings than smatleehicles (A,B) because

the cost of the batteryepresents a significant weight in the total price of a vehicle.

9 Assumptions: &ars (battery electric vehicles), A segment: mini)(er ICE cars, B segment: smalt er ICE cars; C segment:
medium e or ICEcars; D segment: large er ICEcars; Esegment: executive-@r ICEcars; Lifetime: 10 yearmileage 15,000 km,
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b) Power ystem benefitsfor generation and the grid

Enable grid managemerfor a flexible system

EVsrepresent a newmobile, powerdense andvariable type of electricity load thatvill mostly be
connected to the distributiorgridsat the low voltage levelAsEVswere not considered at the initial stage
of network planningthey could cause seriousetwork congestion and assets overloadSmart charging
will therefore need to take into account network constraints in order to awvierloading the grid

¢ 2RIeQa Rdwoikdade dediinadto/meet peademand.However, with increasing penetration of
EVloads andDER G KS (NI} RAGA 2yl f | LILiNHohgrke @ffedtivie Animaryy R
cases, peaks occur often for only a few hours a year and the utilisation rate of network assets dEcénes.
major risk therefore is when the demand caused bi£Vloading exceed the capacity of a network.e.
chargingcoincides with already existingpeaks Moreover, peaks need to be considereat the different
scales of the power system: from the global whére balancing between supply and demand tapéace
(generally the transmission level) to the lofabuse, building, city, ejc

How to understand peak demand

When analysing the impact &Vs it is important to clarify how peak demand is considered in the pg
systemin orderto designeffectivesmart charging solutions. Peak demamgkdsto be considered at thg
following levels:
1 Wholesale marketdevel where contractual demand meets contractual offers. Peak times w
high demand and low availability create high energy prices.
1 TSO grid levelwhere a high demand for auxiliary services with low availability of offers cre
high balancing prices for system services (frequency control and reserve power)
I DSO grid levelvhere electricity is transmitted to end users. Peak demand can cause ph
capacity constraints (overload of lines, transformers, voltage drops)

EVE 2F R LINPFAESa FYyR GKSANI NBtIGABS AyONBIl asSa
value, depending on the place consideredthe power system be it at the electricity market level
transmission level or at the distribution levé&Vchargingconcentration on the same grid could creg
potential extreme local demand. These peaks are independent from one another: a peak load in
grid does not necessayihffect other parts in the rest of the power system.

Relative amplitude of added peak demand by EV charging differs
when considering lower steps of the system.

Load profile function of time differs when considering global or local situations,
EV charging loads may represent a higher share of total load when considering more local situations
The scarcity of cumulated charging load increases when considering more local situations.

Therefore, relative increase of peak value for a given EV market share differs.

Nation wide load profile [Regional node load profile Local area node load profile
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Figure8: Peak demand of electric vehicles in the power systedource: ERDF
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Although itdependsgreatly on the location on the grid anthe individual gridtself, the increased load

from EVscould expose the grid to a dramatic increase in peak demand at certain times and locations. This
can kad to major network overloads su@s volage drop or thermal overstresghich couldresult ingrid
assetsageing oreventually can cause service intemption. In that case, heavy investmentould be
required to upgradethe electricity cables connecting households to transformens the transformers
themselves Investmens in the upstream gridcould also be neededThese investments may burden
therefore the electric mobility technology adoption at national and international scale.

In assessing the ability to introduce EV loads on plemkand we useasreferencethe IEAmethodology of
estimatingpeak loadand the potential of smartgridsto reduce it°. Peakdemandserves as an important
key design metric for grid operators and planndsassess current and future infrastructure needs and
whichhelpsto definethe generation, transmission and distribution capacity of an electricity systanthe
distribution system was designed to deliver the maximum load at any point in time, the gap between off
peak times and peak means an underutilisation of capacity aresiments.
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Figure9: Loadcurvesof sixlargestEUcountries (hourly loadvalues every 3rd Wednesday4w) summer and winter
(DB: 02.09.2014); Source: ENTEQgap between winter and summer is justified by the high proportion of electric
heatingin France)

If we define thepeakload as the maximum load of aogver systemwe couldthen alsoassesshe average
load by dividng the annual generation demary the total hours of a yeaf o illustrate,Figure 1Gshows
the peak load and the average load of thix largesBU countries based ocurrentload curves as well as
for the EU28.
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Figure D: Peak loadof six largest EU countries and EA8 (GW) (reference case)Source: EURELECTRIC smart
charging and emobility survey

Further, we consider that thevolution of the peakwvill depend on the coefficient of the peak load (CPL) or
on its utilisation factor (UE) The CPLis defined as the ratio of peak load to average load and is an
indication of the flatness of the load curve. THEis used in the planning stage of infrastructuits values
depend onthe degree of interconnection adach electricity systemValues clos to 1 show an optimised
system.In the example below, countries such &yl or Spaindisplayvalues thatcould imply additional
O2aita RdzS (2 t26SNJ adzLILI2NI FNBY 20KSNJ adadsSvya oA
systems which caimdicate strong potential to optimise the grid asset utilisation.
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Figure 1: Coefficient peak load (CPL) and utilisation factor (UF) of six lar§éktountriesand EU28 (%)% Source:
EURELECTRIC smart charging amobhility survey

1 CPL = peak load PL (GW)/load average LA (GW). The values g@ftorl 72 (148 average at European level).
These values are correlated with the reversed Utilisation Factor @8%average). UF = 1/CPL.
?Based on ENTSESWD (2013) 438.
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Figurel2: Evolution of Peak Load fdEU28 andsix BJ countries (GW)Source: EURELECTRIC smart charging-and e
mobility survey

Based on the European Commisgiafiends to 2050 reference scenario, we estimate the evolution of the
European peak loddl The estimates also include assumptions fiitiea EURELECTRIC suri@ayee mgor
uncertaintiesare considered EV marketuptake evolution of storage technology and policy support for
smartcharging In assessing theeak loadprojection up to 2050, estiates for the evolution of th€Pland

the load average are alsmken into accountn the process for the six countries consideré&igure 12
shows the evolution of the peak demand towards 2050 electrification of transport is consded.

Impact of 100% electric vehiclem peak demand

The increasing demand from electric vehicles could pose a sarfmiengefor the network asEVloads
have the potential to exacerbate the peaking of the load cuiigis can happen at the same time with
increased electrification from other applications, such as heating and cabingould also contribute to
increasing demand at peak hourBhe electricity generation ithe EU28 is estimated to reach 3,806 TWh
by 2035, and the European peak demand G\Y.

Assuming the hypothetical scenario of 100% car electrification, EV loads would add 92 GW to the load
average and 130 GW to the peak load by 2035. In case the charging is uncontrolled, the additional demand
from EVs could raise the peak demand by 21.1%8b 2ccording to the expected growth in the co
efficient peak load by that yeafFigure 13) This assumes that the load usiformly spread across the
peaking of the load curvddowever, we can also expect that in some cases the peak load could be much
higher. Figure 14thus also assesses a scenario where the peak load at the European level could increase
further to 30%, assuming a case when theetficient peak load doubles.

83 EU Energy, Transport and GHG Emissions Trends to 2050
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100% EVs Unit EU 28
What is the Load Factor (2035)

LA (Load\verage) GW 434
PL (Peak loaddURELECTRIC GW 617
PLLA GW 183
% Reserve (PLA)/LA % 42,0%
CPL (GW) = PL (GW)/LA (GW) # 1,42
Utilisation factor (UF = 1/ CPL) % 70,4%
What is the Impact in Load Average & Peak Load (2035)
LA (Load Average) 10@Y GW 92
New LA (Load Average) GW 526
PL (Peak load) 100% EV assuming CPL =2 GW 183
New total PL (Peak Load) GW 800
Dumb charging (increase electricity Peak) % 29.7%
PL (Peak load) 100% EV assumingcQipént GW 130
New total PL (Peak load) GW 747
Dumb charging (increase electricity Peak) % 21.1%
PL (Peak load) 100% EV assuming CPL=0 GW 0
New total PL (Peak load) GW 617
Smart Charging (increase electricity Peak) % 0,0%
CPL (GW) = PL (GW)/LA (GW) (with EVs) # 1,17
New UtilisationFactor (with EVSs) % 85%
Dif CPL (%.) % -17,4%
Dif Utilisation Factor (p.b.) % 14,8%

Figure B: Impact of 100%EVs orpeakload by 2035 Source: EURELECTRIC smart charging-amabdity survey

GW (100% EVs)
850 - o e oo
800 29,7%
250 1 21,1%
00 14,8%
650 - 0,0%
600 -
550
BOO - === === = oo
)
w0
2015 2020 2025 2030 2035

= P|_ (Peak Load) Smart Charging 100% EVs CPL=0 - Eurelectric
=== P| (Peak Load) Dumb Charging 100% EVs CPL=Current

=== PL (Peak Load) Dumb Charging 100% EVs CPL=1

PL (Peak Load) Dumb Charging 100% EVs CPL=2 (Domestic)

Figure 4: European Peak Log@W)evolution in case ofl00% EVs by 203nd potential of smart charging to
reduce the peak load between 15%80% Source: EURELECTRIC smart charging-amubdity survey
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But if the charging is coordinated to make better use of the available grid capacity@aakthourssmart
charging has a potential to reduce the peak load to zedt the same time, the utilisation factor will
improve by 14.8%. Thsnart charging has a strong potential to optimise the grid asset utilisation, thereby
decoupling electricitycapacitygrowth from peak load growtlt and generating a whole new value chain
from this decoupling.

Using the same rationale, we can analyse the increase in the peak load and the potential for smart charging
for the three emobility scenarios (slow, transition, rewtionary). Depending on the degree of EV
penetration in each scenari&Vscan increase the peak demabg 1.1 % to 3.1%, which could be reduced

with smart charging. This means an improvement in the utilisation factor from 0.8% to 2.2%.

10% EVs Unit EU28
What is the Impact in Load Average & Peak Load (2035)
LA (Load Average) 100% EV GW 9
New LA (Load Average) GW 444
PL (Peak load) 100% EV assuming CPL=2 GW 19
New total PL (Peak load) GW 636
Dumb Charging (increase electricity Peak) % 3,0%
PL (Peak load) 100% EV assuming CPL=0 GW 13
New total PL (Peak load) GW 630
Dumb Charging (increase electricity Peak) % 2.2%
PL (Peak load) 100% EV assuming CPL=0 GW 0
New total PL (Peak load) GW 617
Smart Charging (increase electricity Peak) % 0,0%
CPL (GW) = PL (GW)/LA (GW) (with EVSs) # 1,39
New Utilisation Factor (with EVS) % 72%
Dif CPL (%.) % -2,1%
Dif Utilisation Factor (p.b.) % 1,5%

Figure B: Impact of 10% EV on Peak Demand by 2086urce: EURELECTRIC smart charging-amzbdity survey

Peak Demand

0, 0, 0,
(CPL = 2 Domestiq 1.6% 3.0% 4.4%
Peak Demand 1.1% 2.2% 3.1%
Utilisation Factor | 0.8% 1.5% 2.2%

Table3: Main impacts by scenario (%¥pource: EURELECTRIC smart charging-amubédity survey

While price signalsnay provide a effective method to customers tdower their loadat peak timesthey
may not alvays reflect network conditionsespecially if they aréneavily loaded.Price signals in the
wholesale electricity marketslo not always matctprice signalsn network tariffs reflecting local grid
congestions on the DSO netwoe can have a situation where grid fees will incredse to the
increased load, while the prices on the wholesale prices decreBseprevent network overload and
congestionat the local levelthe DSQnay want tomake useof different flexibility measureso solveareas
in addition to price signals’he DSO may adofuture flexibility solutionssuch as flexible network tariffs
that could incentivise smart chargirfge. capacity, timevarying) contractbased based smart chargifice.
viaeMSPincluding flexibilityservicedor the DSQor other services Smart chargingolutionswill therefore
require newinnovativesolutionsand services, as well as adequate egulatory framework that allows for
flexibility for both network operators and market participants.
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Electricity retailers and third party providers are best placed to provide the service to the custdiheys.
canoffer simple and integrated servicesth smart charging based on both price signals and control signals
that would help to take into account network constraints (overload risk, coordination between different
loads to avoid peak demand). The DSO would need to constantly monitor the state grid and, in case

of congestion, send control signals to the retailer or the third party providéidbility Service Provider).

An intelligent connection will be necessary to combine wholesale price signals and grid signals.

To manage the operatioof distribution systemstariffs could be accompanieddly & 4 N> FFA O
& OK St6 $hfluencesmart charging! Y RSNJ y2N¥ It O2yRAGA2ya &3aINS
operate followingthe market procedures, without any restrictions for network customens. |
Ff GSNkAYyaSOdz2NBE &Gl GSa a&eéSft-baged prdcédarésiiosintentivigeS 5 {
grid users to adapt production and/or consumption to the grid situation. In -defiihed
SYSNHSyOe O2yRAGAZ2Yya aNBR f A3 Mikee bad h&8gerbefith & K ;3
or emergency interruptiorof supplyafter the contracted options have been exhaustéd.any

case, the DSO stikK @S G2 O2YLISyaliS (GKS O0dzaidi2YSNR @K
FOGA2yaéds SAGKSNI 6FaSR 2y 02 YLISsfdn contrayial didHafedhant. | 3 NB

Ensure a coseffective solution by avoiding unnecessary grid investments

Therdore by optimising the grid utilisatio.e. by making sure the demand does not exceed grid capacity)
smart charginganalso help tcavoidgrid reinforcements cost

G & K 2 Me&vel“FomifgRa house, a multwelling or business building, a plant etc.), a dedicated line
from the low-voltage (LV)source has generally to be installed to connéwt additionalchargingpoint(s).

The addition of EV chargiramn top of other existing loads in the building may require a reinforcement of
the connection line to the DSO grid, and the subscription of a higher maximum rated power at the delivery
point. Overall, simplistic charging regulation (etgme-varying or more elabortged regulation (e.qg.
maximum power control of each chargipgint through an energy management system) has to be chosen

in relation with the economy of investment and operation.

Moreover, forfleet garages, it has to be considered that some chargioimts may be designed for
accelerated ohigh powercharging.The higher is the charging power requirement, the more is the need
for smart charging proved. However, high power recharging of more than 22 kW (usually > 43 kW) may be
less acceptable for custonefor load management purposes due it short durationany case, highower
recharging is likely to be a premidpniced service (peak demand pricing) for tBeédriver.

For single homes, the economy at stake generally requests simplified smart chargihgas time
regulation {.e. overnightcharging) For buildings with EV fleets, a computation otea-year period, taking

into account 2Celectric vehicles f SIF R G2 F G241t O2aid 2F on 1ex TN
charging, to be comparetb the cost of an energy management systeeployment and operatiorat the

building in order to prove smart charging cestectiveness.

At DSO grid level, investment costs for the DSO result ftenreinforcement of grid lines and
transformers, plusts share of the cost of home grids corgtiens according to the regulatiore.@. in
France~50% of the total cost of conidon of a customer).Thesize of thereinforcemens result from
statistical calculatios that take into account a forecast of customdrehaviour, and articularly their
implementation of smart charging.

Considerindow-voltagegrids, calculation made in France by ERDF lead to the following costs assessment
without smart charging, antesultingcostssavingsiue to smartcharging (costs are assessed per unit equal
to 1 MEV=1million EV globally travelling):

“See Annex 3 for a description of different levels of smart charging in private locations
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Total LV grid reinforement cost Costwithout smart charging Costreduction
per million EV for: due to smart charging
HNn ace
(almost total cost avoided)

EV charging in single houses HAn aece

Multiple EV charging in multiwelling
or business buildings

Public charging spots in the streets
and parking lots

cpn a e npn a €

HN a e MH N ae€

Table4: Reinforcement costg§Million € or low-voltage grids and cost reductiowith smart charging; Source: ERDF

Consideringhe main substations andnediumvoltagelines, their reinforcement without smart charging
g2dzZ R NBIldzSad yn ae X9 N8 avded tb the2Ly griél €ostsi Sihad® Enhardink yorld 9 +
reducemost of this cost, and consequently related upstream coste@f SO level.

The total of these costs will be borne by the DSO, but will be passed on to the custometiaterthe
tariff system Therefore, the followingquestion is raisedwill the exsting costs signals and system
regulations naturally push home grid operators to adopt smart charging indaostgfficiencyat DSO grid
level?We have reason to think that it will not be the case, and tmatre effectivesignals and incentives
have tobe designedn orderto achieve best global economy of grids. They will have to be combined with
those related to wholesale power demand and production balancing.

A benefit resulting from avoiding reinforcement costs at a system level would be that ¢l lse used to
be redistributed as a business opportunity across sheart charging value chain, withkneobility service
providers and charging station operators possibly providing ancillary services to the DSO.

Optimisingthe efficient use ofgeneration capacity

Any additionaldemand triggered byEVs couldalso require additional efforts with regard to electricity
generationoptimisation.In the longterm, the use of flexibleeVdemand will not only result in more efficient
grid usage put could alsavoid unnecessary investment in generation capacoéyulting in longer asset lifetime.

In case of uncontrolled charginigjs likely that the availability of generation to meet pegmandcould lead to

a decrease in efficienaywhere increased peaks can put greater strain and result in reduced efficiency of the
thermal units providing electricity, as well as potential increase in the cost of electricity genefibnsmart
charging, chrging energy requirements are more evenly spread throughout the system, enabling a more
optimal use of the available generating capacity. Therefore, it reduces the need for expensive peaking plants
which are usually more expensive to run and more casindensive.

Onemajor issudor the power system is by how much and to which extent the grid and the generation capacity
can cope with an increased electrification of transport. A large share of electric vehicles connected to the grid
will naturaly be fdlowed by an increase in the total electricity demand in the respective grid. The results of our
findings suggest that there is enough generating capacity to accommodate 100% electric cars by using the
existing grid infrastructure but only ifthose carsvere charged outside the peak periods.

Evenif all the European car fleet on the roads today wéectic there would be about 24fillion batteries
drawing power from e grid with a corresponding 80Wh as additional demand. This translates into 824
increase in electricity demand, and respively about 1% increase in the load factdiin the power systemin
2035, the same hypothetical sharevould add a lower 21% to total electricity demand as the electricity
generation is estimatedo increase by that timeAssuming a 10%V growth in Europe by 203&s in our
transition scenario, enobility will accountfor just 2.2% of total electricity demand in 2035.

However,whereas the increase erms of energy uset feasible, even at very high penetration levéigy can
lead to excessive increases in peak demg@ee previous section).

'*oad Factor equals: total electricity energy used (=existing + passenger carsjémkaxd * hours per year (8760
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100% EVs Unit EU 28

What is the total electricity energy used? 100% EVs

Totalnumbers of Cars in the H2015) Mill 249
Average annual distance per car km 15,000
Electricity consumption if all were electric kWh/km 0.20
Losses % 7
Total Electricity consumption if 100% were electric TWh 802

What is the maximum demand today?

100% Passenger Car electrification TWh 802
Gros Electricity Generation TWh 3,295.5
Percentage of increased electricity consumed 100% EVs (toc % 24.3%

What is themaximum demand in 20357

100% Passenger Car electrification TWh 802
Gross Electricity Generation (2035) TWh 3,806.1
Percentage of increased electricity consumed 100% EVs (2( % 21.1%
10% EVs

What is the total electricity energy used? 10% EVs

Total numbers of Cars in the Relevant Area (2035) Mill cars 25
Total Electricity consumption if 10% were electric TWh 82
Gross Electricity Generation (2035) TWh 3,806.1
Percentage of increased electricity consumed 10% EVs (20 % 2.2%

Figure B: Impact of 100% EV on electricity demag&dmpact of 10% EVs oglectricity demand in the transition
scenarig EURELECTRIC smart charging ameleility survey

EU 28 France Germany Poland Spain UK

Figure I: Percentage of increased electricity consumdde to EVs in 203B%) Source:EURELECTRIC smart
charging and emobility

Facilitating renewables and making efficient use of available capacity

Since electricity demand varies widely and supply of generation cayetidie stored economically on a
large scale, the traditional power system has been designed so that salpys meetsdemand.When
high demandccurs most of the power plants are working flat out while at times of low demand many are
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left idle. Thegrowing sharesof unpredictable,variable RESchallenge thetraditional way. Given their
volatility, wind and solar power can create excess energy output, causing significant peaks in the power
system. Several options could be used to stabilise and reduce fluctuations: use of flexiblepback
generation such asyldro or gas combined cycle units, large storage systamlemand response.
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Figurel8: Ireland- Wind Generation as % of System DemakMdnday 504/ 2010; Source: Eirgrid, Ireland

Electric vehicles with rechargeable batteries and thereby inherent storage capacity represent yet another
form of demand that could contribute to system flexibility. With smart chardit\gshave the potential to

shift their loads into periods of lower deand or stoe electricity for later use. Thisoordinated charging

could therefore allowto integrate RESin a costeffective way benefiting both the customers and the
generators. The customers will be able to benefit from more attractive prices due talibedance of
renewable energy i.esuch as wind power at night or solar during the day. The generators will also benefit
as they will have the opportunity to sell their production at any time.

EUprojectGridTechhasanalysed EV smart charging integratiorR&E3s illustrated below.

3.000 MW 1.000.000 EV's
§ GrdTECH=

900.000 EV's

2.500 MW -

- 800.000 EV's

- 700.000 EV's
2.000 MW

600.000 EV's

1.500 MW 500.000 EV's

EV charging EV charging EV night 400.000 BV's EV = Flexibleoad/ sto rage
K ith wind i hargi
Locomw Ll with PV charging 300,000 EV's Areaunde_reachcolour
representingdaily EVenergy

200.000 EV's

500 MW demand
100.000 EV's

each~ 4GWhd

MW EV's

Figurel9: EV smart charging supports RES integrat{dW); Source:GridTechEUproject

Seltconsumption of electricity with solar power and electric vehicles

Smart charging can also help to maximise-seffsumptionfomd 2t  NJ a@adSvya Ayadl ff
houses combined with available storage and recharging infrastructinis.use casean be very interesting

for utilities, as it can baleployed as a new endustomer service combining energy efficienogusehold

DER financing and EXarging costs minimisation.
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Gontrolling the charging (and discharging) process at a smart home may hélptlicavoid peaks and
maximise the energy supptl by solar panels¢ making it possible twecoverthe upfront investment for
local assets (charging stations, solar panels, storagécal stationary battery can store the excess power
when it becomes available and release when it is needed bumibtiproduced®. TheEVcharging taking

place at night means an increased availability of storage in the residential area, thereby contributing to

flattening the demand curve. The remaining supply could be filled with electricity from the grid.

Despite corerns over potential costs, a model developed by UBS bank suggests that it can make economic

sense. Each technology wiktlptod LISSR dzLJ S OK 20 KSNRD&a | R2LIGA2Y X
costs will boost EVs sales, which in turn would brimthér economies of scale to stationary batteries

Photovoltaic System
Peak power: 3 kWp
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> -t
, i ’}E! Sunny Island
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Electric Car incl. Charger

S
Smart ed 3 (17,6 kWh battery)

Figure ®: Smart Fhme concept;Source:SmartgE, RWE

c)Sustainability gains for society at large

Ly (KS 7T Olithateahd eindtgy anthitioRsi both tledectricity andthe transport sector will need

to becomesmarter and more sustainabl&.oday, mobility and power systems are only loosely linked.
Tomorrow, they will be widely integrate@mart charging will ban essential part of th&ansition towards

a lowcarbon ecaomyand smarter electricity system.

EVsrepresent electricityconsuming technologies that can increase the total demand of electriaity
related peaks; but this issuecould be solved if charging is optimisiedan intelligent way. Smart charging
will thus help enable a faster uptake of-raobility, leading to important societal benefits as system
efficiency and cossavings are realisetbr the customers.Moreover, EVsalso hold great potential in
increasing energy efficiencymproving air qualit and reducing emissions. They also result in lower noise
levels, particularly in urban driving conditions.

Road transports responsible for about a fiftda ¥ 1 K S ©Q2enissions2aidlitis the only major sector
with rising emissionsMoreover, it is nearlyp4% dependenbn oil. While efficiency improvements dCE
vehicleshave been madever the past yearssignificant shares of transport electrification will be key to
further meet emissions targets in this sectord reduce itsleperdence on oil.

The EU has put in plategislatiort® to reduceCO2emissions from cars and vans, including targets for 2015
and 2020Whereas the target for 2016f 130g CO2/knmhas already been achievelthe regulation requires
further reductionsfrom acurrent average of 12§ CO2/km to 95 CO2/km by 202. Emissionsargets
encouragednanufacturergo diversify their fleets withower emissinscars as it can be seen below

“

NE F

B0 NBLRNL 62 Aff AckérdrddK Il alSi KR $4 SIOURNADASTEG MR 4G SYKE

18 Regulation (EC) 443/2009 (CO2 from cars), Regulation (EU) 510/2011 (CO2 from vans)
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Range Fuel
BMW i3, Citroén €ero, Ford Focus, Kia Soul, Mercedes
MIA, Mitsubishi i, Nissan LEAF, Peugeot lon, Renault
Fluence, Zoe, smart fortwo, Tesla, VW Gédlfpg

type g CO2/km

Porsche Panamera PHEV 71
Toyota Yaris HEV 75
Peugeot 308, Lexus CT200h, VW Polo D 82
Renault Clio D 83
Toyota Auris, Citroen DS5 HEV 84
Hyundai i20, Skoda Octavia, Peugeot 3008, Ford Fiesta, D 85

PHEV: pluin hybrid EV and range extender; HEV: hybrid EV adé@é&gel

Figure2l: Toplowest COZmitting carmodelsg CO2/kmin 2015: Source: EURELECTRIC smart charging and e
mobility survey

Concept Unit 2012 2013
Passenger car density #/1000 inhab 483 487
New registration Cars vs 100 inhabitants #/100 inhab 2.4 2.4
Average of CO2 of new cars (DE,IT,FR,UK, gCO2/km 131.6 125.6

Table5: Main transport data; Source: ACEA pocketbook

We can therefore see that from a€dl £ f SR-6&KBISY ¢  (Figlre @)dha keast emittingcarsare
pure EVswith zerotailpipe emissiongan electric motor has no wastgases or exhaust fumgdollowed by
PHEVwvith emissions below 5 CO2and somehybrid andconventionalfuel cars.Yet the average CO2
emissions of new cars in 2013 aeceeding®5g CO2/km(Tableb).

However, electric carsnot only havezerotailpipe emissios, but they can also result in mapr CO2
emissionssavings even wheamissions from the power generation process are includedan indication,
with a carbon inensity of the power sector of 30 g CQ/kWh in 201Q a typicalbattery electric carwould
result in CO2 emissions of arounf6 g CQ/km™. This compares favourably to th2013 averageCO2
emissionof new carsof 126 g CQ/km?.

EY20Aft AG&Qa STTSO0id9caeS00samissionsl rel)Nd BelziedaichisatidpacEbSthe
power sector. Indeecglectric carswill contribute to even further emissioruts as the European electricity
sector will reduce in carbon intensity over the coming ye8is2035, the averagelectric vehiclecould
deliver emissions of about 28g CO2/Km which means they could balmost five times less carbon

¥ Calculation: 1EV: CO2/ km =[CO2 g/ kWh (for the relevant area electricitg)][RVh/ km (for the particular EV)]
Assumptbns: 1)estimated carbon intensityof the power sector of 330 gCO2/kWh in 20Eyropean Commission
Trends to 2050 2) average consumption of a typical BEgumed at 20 kWh/100km

2 ACEA pocketbodkitp://www.acea.be/publications/article/acegocketquide

*! Estimated power sector carbon intensity of around 140 gCO2/kWh in Z085pean Commission Trends to 2050
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decarbonisationby 2050, coupled with an increasing deyment of RESglectric vehicles could become
nearly zerecarbonin terms of COZmissions by that timeln 2013, renewables represented 27% of the
electricity produced in the ER8, and more than half of the electricity generated was cavbort>.

g CO2/kWh
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Figure22: Estimationof the carbon intensity of the electricity sector (g CO2/kWfgr EU28 and other EU countries
in 2015 and 203based on theECTrends to 2050
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Figure 3: Average CO2 emissiorfg CO2/km)f EV6 (2010 2015and 2035)vs average O2 emissions of new cars
(2013)for EU28 and other EU countriesSource: EURELECTRIC smart charging-amubédity survey

2 Annex 2 provides graphs with more information on the CO2 emissions of cars forZdl EU
* EURELECTRIC Power Stati3fits
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Lastly, the power sector is covered by tHe &missions Trading Scheme (ETS) which means that the total
CO2 emissions of power stations will not increase, even when more electricity is delivered for electric cars.

Hectricity is thereforean extremelyeffective way of solvingthe B Qt@nsport emissions challengeln

particular, @ & Y NIi OKIF NAAYy 3¢ gAff thREg enyssidnRdddeltorz2gié tb 06 Sy S
optimised charginglf cars are coordinated to charge times oflower electricity consumption, they can

optimise the use of a@sting capacityand useless emittingpower plantsrunning outside peakourswhich

would be needed to meet what are otherwise infrequent spikes in electricity demamakimising their
integration in the electricity systenMoreover, with smart charging the time of charge can be coordinated

to coincide with available renewable capacity such as wind at night, or solar at noon, bringing further
benefits in terms of emissions reductions.

The following figure showtotal emissions and savings due to emissions avoidddt CO2(million tons of
CO2)when combustion fuetars are replaced witlkVs according to their estimatestharesin the three
scenarios analysed in this papé&low, transition, revolution). The indices are based on the rates of
emissions of vehicles that are currently registered and future emission levels as seen above.

Mt CO2 [Slow ™ Transicon [ REVGIUGAN

New cars

2025 oil cars 4 7 10
2035 oil cars 24 48 71
2050 oil ers 70 140 207
Average EVs 2015

2025 EVs 1 3 4
2035 EVs 9 18 26
2050 EVs 26 52 77
Average EVs 2035

2025 EVs 1 2 3
2035 EVs 6 12 18
2050 EVs 18 35 52
Smart Charging (2035)

2025 EVsmart charging 0 1 1
2035 EVsmart charging 3

2050 EVsmart charging 8 16 23

Figure24: Total Million tons ofCO2emissionssavings(Mt CO2)in the three scenariosSource: EURELECTRIC smart
charging and anobility scenario

Our model shows that smart chargiftas the potential to achievalmost decarbonisation of electric
transport due to the use ofless emitting technologies as explained aholre the transition scenario
replacingthe same share ofonventional fuel carsvith EVs wuld cut CO2emissions byd6 Mt of CO2 in
2035 With smart charging, these reductions could be further increased by 19% which would translate
into overall CO2emissions avoidedf 43 Mt CO2 in 2035in 2050, the transition scenario could reach
significantCO2 emissionsavingnf 105 Mt CO2and respectively 124 Mt CO2 with smart charging.
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three scenariosn 2035and 2050

AdadzYAy3d | LINROS 2 7n 2e60we cdulf Nstimar yhat $he $adings/ abhieveéde to
replacing conventional cars with Evigerms of economic benefitwould reachl1,571million EUR per year
With smart chargingthese economidenefits would be even higheachievwng 1,863 million EUR per year
in terms of avoided costs on CO2.

Additionally,the EV potentiain terms ofreducing energy consumptidne alsosignificant.EVscan be three
times more energy efficient tharconventional fuel carsTo illustrate, already today, assuming a
hypothetical scenario of 100% caitectrification the potential energy efficiencyof electric carscould
achieve a neteduction of 137Mtoe (million tons of oil equivalent) per yeain the EU*.

Mtoe X3.1 X3.0 X2.9 X2.8 X2.7
100 ~

50 A

-50 -
-100 -
-150 ~

-200 +

-250 -

mEV Consumptiorm Less OIL ®m NET Reduction

Figure26: Energy efficiency potential of 100% car electrificatifiitoe); Source: EURELECTRIC smart charging-and e
mobility survey

24 Assumptions: average mileage of 15,000 km per car/year, an electric car consumption (3,000 kWh BEV and 1,100
kWh PHEV), oil import price around 0&btre
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In the EURELECTRHEDISItion scenario, a share of 1(B¥swould achieve a net rediion of 95 Mtoe per

yearin 2035 with a reduction on oil imports of21500 million EUR and accumulated savings of around
72,000 million EUR in the next 20 years. In the revolution scenario, the energy savings would be 20.5 Mtoe,
with a resulting reduction in oil imports @6,7@0 million EUR and accumulated savings of aroli8,000

million EUR

Finally, @ the cost ofgrid reinforcements would be otherwisspreadacross all electricity grid customers
through network tariffsif no smart charging strategy were useithe factthat these could be avoided
represents aradditionaleconomic advantage farustomersand societyTo sum upsmart charging has the
potential toreduce CO2 emissions and costs while increasing system efficiency and social welfare.

4. Smart chargingtrategies examples from the industry

In short, whilegrowing shares oEVscould provide flexibility asobile loads and storage resourctést
can integrate renewables, this potential can be tapped onlwehicles are charged in a smart way.
Otherwise on the contrary, their charging could even haveetrithental effect on the power system.

The simplesform of charging electric vehicles is when the charging process is not controlled by an external
factori.e. driversare allowed to recharge as and when they wish. This approegqhires no changes to the
market design or operain of the distribution system butandramatically increase the peak load in ey

area, causing overloads agdd congestionsExistingstrategieswith prices signals which ay require little
change imetwork design i.e tim®f-use or dynamic tariffs cdd be used to influence customer behaviour.
Customers are therefore expected to react in an active way to price signals and that tfiethaini
electricity usage to the lower tariff period. Thiateraction with the customer is done by using
unidirectional communication signals to the meter or thad.

Considering thanost common case of charging vehicles at howden prices are low anight or when
there is cheap surplus renewable capacity available (i.e sun during the day, wind during thetmgba)

be done be sing simple control mechanism@ne way would be to connect the cars all the time when
parked at home so that most fregntly the chargingakes place, itwill require only part of the total
battery capacity Another strategy would be to have a controlled charging station so that the charging will
start only at best price houtthereby carrying a financial benefit for the customer.

A simpletimer-based mechanism such e®cksystem(which may be provided within the EV) can futii

control mechanismThissolutioncan beeffectivein an early phase with a low electric vehicles peaigon

in the power systemHowever, as the electric vehicle market grows, EURELECTRIC stresses that this
solution can have a major drawbatde the electricity grid: synchronisation of all charging sessions can
lead to excessive peaks of power demdaat some other point in timée.g grid congestionsind new peaks

could happen even during the night due to simultaneous chargismgVioads tendto charge at the
beginning of the lovtariff period).

Therefore, more advanced control mechanisgi®uld be considered taking into accountontrol signals
from the DSO, with a energy management system (EM#&thin the houseor in the charging statioto
coordinate the charging process with other uses so asnioimize peakdemand If smart metering is
implemented within the house, the EMS may use the signals and data fr@mart meters may also help
to optimise the extent to whiclEV loadswvould be discouraged tbe usedsimultaneously when time
varying prices are applieth addition,advancedcontrolled chargingvill require an intelligent bdirectional
communicatiornto exchange information betweethe electric vehicles and the charging stations.

More advanced features of charge management strategies can be achievethevjibssibility of poviding

advanced grigsupporting flexibility with the use of dgirectional power flow mechanisms (V2G). An
example ofan interimVehicleto-Hometechnology was initiatethy Nissan in Japgsee example 3).
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Examplesof smart charging from industry angilot projects

1) Smart chargingt Enexis; an example fromthe Netherlands

Smart charging is nothing more than tuning the power with whiclcharge an electric vehiclét is the
motivation behind this processhat makes smart charging interesting. There are basically four different
actors thatcaninfluencethe tuning of the charging
power:

1. The grid operator, whr does not want to
overloadits cables and transformers
2. All actors in the wholesale market that nta

predictability of consumtion and flexibility to

balandng supply and demand

3. The drives, who wanta full (enough)

battery whenthey need it;

4. The owners of locaknewableghat want

to use the locally produced energy to locally charge
EVs

Local energ
Driver

Enexiscarries outpilots on all

Forecast usage excl, cars cable croon-1 for 2015-02-02 05:40:00,0 these four levelsin order to

come to a holistic smart

charging  approach. The

example below shows how

smart charging can be realised
TNBEY F INARR 2LISNI G
view.

183,
(e
1%

s
u

In the head office of Enexis
the power consumption is not
constant. The graph shows
the 0 dzA f RA Yavera
consumption without the 16
electric vehiclesavailable The
peak in consumptios caused
o e e e e 7o e 1 s L e i s e wnn o | Dy the canteen durig lunch

time. The purpose of smart
charging in this case is to charge the vehicles in such ahaayhey take less energy during lunch time, in
order toavoidoverloadngthe fuses of the building.

Calculations sbw that without smart charging assuminga worst casescenario wherall chargng points
are using marum capacity during lunch timeabout 18 charge points could be installé&lt with smart
charging- taking into account thenon-constant available capacitpa much higher number cébout 300
charge points could be installed.
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The system that was built for this is shown below

Backoffice
Operator
Charge Spot

El @it OSCP

10ds 934ey)

Figure 27: Smart charging value chain; Source: Enexis

The bacloffice of the DSO contains an algorithm that is able to predict the power consumption for each
phase 24 hourin advance Thisis also why there ia difference between the dashed arnbe soid line in

the secondfigure above:the solid line showshe predictionwhereasthe dashed lineshowsthe actual
measurements. Usingredictions instead of real time measurements is important for three reasons:

1. If there are technical problems, thegre 24 hoursavailableto fix the problems before the system
crashes

2. If you decide to postpone charging because energy prices will be lower in a few hours, it is vital that
you know if there is sufficient capacity in a few hours

3. It allows for better planningf charging schemes (you can give certain cars higher priority)

The DSO produces a forecast of the available capacity over time (which is a mirrored version of the graph in
the second figure aboyend sends this to a baakKfice thatis able tocontrol the chage spots. This codl

be an eMobility Service Providera Charging Station Operatoor in more general terms: an aggregator.

The protocol used to communicate about this information is the Open Smart Charging Protocol (OSCP).
OSCP was rectly adopted by theOpen Charge Alliance as a new standard. The two most important
messages within OSCP até nformation about available capacity for flexible loadsd 2) he possibility

to return capacity or ask for extra capacity

The protocol has a wider range of application that goes beyond electric vehicleMuomécomplex cases
with for instance several operators on the same site are worked out but not described here.

Given the asilable capacity over timehe aggregator ca decide how to charge the EVs. There are many
ways to do this (contract based, priority based, based on-urgeraction, fair division, etc.)t is important

to notice that the grid operator in this scenario does notcilde how the individual EMs=n becharged.In
9y SE A als is@ip t8 &cdmniercial party which has a client relation withefketric vehicle driverThe
grid operator merely giveimformation aboutthe available bandvith.

Charging in this way 9y S E A dsQent jiMdBtable § &harging points were installed at all 150
parking spots available in the basements and smart charging was not used, the iriorbasdware costs

and grid @JSNJ 02 NJ FSSa ¢ 20perRnorihBut if snutizihargingwas applied, there would

0S y2 YySSR (2 AYyONBlIaS GKS odzAft RAy3aQa OF LI OAGE

This is very important since it means thafready within the current markesituation, there isa big

financial benefit for smart chargirig private bcations If, in the next years, we can roll osimart charging
in this way it could be theideal stepping stone taalso enabling uptake amart charging in the public
domain-which is a bit more complicated to regulation
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2) Electric vehicles as storagdevice and balancing capacityc an example fromthe
GridTechEUproject

One interesting aspect of smart charging is that EVs with intelligent, controlled charging could be used as
storage capacitwimilar toexisting onesln addition, EV culd have future potential to provide balancing
services to the griés well.This is currently being demonstrated in the GridTecHulded project which

is EEGI (European Electricity Grid Initiative) core latalled

The potential ofEVsto offer storage capacity to the grid system operat@ries largely depending on the

time when they are plugged into the grid. The highest EV charging capaeibd thereby potential
controllable load for the grid operator is usually available when Vehiare stationary or parkeglat night,

or to a lower extent, at noon during working days. By contrast, the potential EV charging power is lowest in
the early morning or evening rush hours when the cars are usually in use, on the roads. WiREdgh
penetration, wind power could for instance be used at night to meet EV demandumpussolar power
during the day at noon timeAn intelligent business model could help to overcome low charging power.

oPlugin while Parking concept businessnodel

The project has also analysed different business models that could attract customers into using smart
charging services for grid operatiorisVs offer todagriving ranges of 158m or 200 kmwhich can easily

cover astomer) R A f & { NJA LJan 20%km for2selral tayBhus,tthera & nolneed for daily
recharging and leads to a situation that cars were plugged in on denfaodn a grid point of view
therefore, the cars will be plugged into the grid only for a few hawmitsin three or four daysDSOs and
suppliersshould offer incentives to encourage customers to connect their car to the grid whenever the car

is standing. This will lead to a situation where less power will be needed to fully recharge the battery for a
YSs GNRLID { deQikE SI t&tNO e/ I3EY 04 SS FAIAAdz2NE o6St 260 0dza
operator a controllable power tool for supporting grid load flow and power manageniém@.real situation

gAft 2F O2d2NES 06S Ay 0SG6SSy (KBabSdAogAyaodKYERBRARAEAN

Figure28: Influence of Business Models i@rid Tech simulationsSource: GridTech, Verbund

With future technologydevelopments on the generation and the demand side, electric vehicles will be able
to influence the electricity system and offer benefits to the distribution grids. Technologies such as e.g.
inverters for wind and PV power will be able to monitor gridcagé and frequency, and to deliver active

and reactive power control in order to stabilise the grid. Smart charging of EVs can offer high flexibility

GridTech projectcd dzy RSR 6& GKS 9! Qa Ly d S thttp/ady.dridech&nNE e 9 dzNR LIS
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http://www.gridtech.eu/









http://www.consilium.europa.eu/uedocs/cms_data/docs/pressdata/en/ec/145397.pdf
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http://www.eurelectric.org/

