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Foreword from Energy UK

Lawrence Slade
Chief Executive

| am delighted to work with PwC to bring their insight to investigating the marlet dynamics of The EV revolution is already upon us. Battery life and other
electric vehicle (EV) charging and how the private sector can help customerfarge their vehicles ~ Performance measures are rapidly improving at pace. There
hen and how they prefer. are now over 130,000 el_ectrl_c vehicles on the roads and
o 15,000 public charge points installed across the UK — not to
PHQWLRQ ULVLQJ QXPEHUV RIbSULYDWF
rolled out.

Over the past 10 years the UK has successfully reduced
emissions from the power sector by 54%. Coal no longer
plays a dominant role in how we produce electricity, but
instead we now have over 20GW of wind capacity installed
in the UK, with low carbon sources regularly producing over
half of our daily power needs.

electrlc vehicles on the roads

We know that to meet the UK'’s climate change targets, we
must reduce transport emissions with the same ambition

we have achieved in the power sector. Now, with a system
increasingly powered by low carbon generation such as

ZLQG VRODU DQG QXFOHDU OOLQJ XS
— not petrol or diesel — is the cleanest choice to make. Given

the rising portion of UK emissions and air quality concerns
attributed to transport, it is clear that progress must

continue — and quickly.

public charge points installed across the UK
,W LV HVVHQWLDO WKDW FKDUJLQJ LQIL

access to charging points and their compatibility with

energy networks — keeps pace with rapidly evolving

technologies and business models in this sector. Having high
performance EVs without the means to power them easily

DQG FRQYHQLHQWO\ ZLOO VWDOO D ZL

15,




7KH VXFFHVVIXO UROO RXW RI ORZ F D\N¢ &R ®orking Ela3alySvRiugdleZnm@ndto ensure that the
GHSHQGbRQ SXWWLQJ WKH FXVWR P H Wahsgiowt& Ibw Gatbbrytta@spokt I8 B $Miccess. The early
Many motorists have long seen their cars as more than signs from government are positive with a supportive policy
just vehicles, but in the case of EVs this will take on new framework in place and the release of the ‘Road to Zero
dimensions given the potentially transformative role they Strategy’, coupled with the enactment of the Automated and
can perform in storing and supplying electricity. Those Electric Vehicle Act.

capabilities mustn’t overshadow the fact that EVs will be

XVHG DV FDUV UVW DQG IRUHPRVW DA3@&n mausthy, Ré€re takinga e $ead bR v@orkind Wit V

on drivers retaining the choice and freedom they have had  partners from across the energy, automotive and technology
with their vehicles to date. sectors to drive this transformation forward and enable the
government to take the wheel with ambitious targets. This
report, in collaboration with PwC, provides a fundamental
building block to how the private sector will need to adapt
and transform to meet the needs of all customers.

Managing the potential incremental energy demand that
EV charging could put on the grid is crucial. | believe

it is imperative that this is achieved through providing
choice and incentivising certain behaviours for customers.
Encouraging drivers to charge their cars in ways that
minimise the impact on the grid must be done through
engagement and rewards rather than by imposing
restrictions from above.

,Q OLJKW RI WKH FRQVLGHUDEOH EHC
XSWDNHbVFHQDULR RITHUV KRZHYHU
PRUHbFDQ EH GRQH

”

6PDUW VA\VWHPVY DQG UH HFWLYH SUL & I,U/ff DUH DQ

important component in changing consumer habits and g~

will play a central role in the entire energy system of the

future. However, this will only succeed if we build and Lawrence Slade

HDUQ FRQVXPHU FRQ GHQFH DQG WU XN&MEXEQWKXVLDVWLF DQG
ZLGHVSUHDG (9 WDNH XS ZLOO FRPH IURP WKH FDUURW UDWKHU

than the stick. Energy UK

Government should increase
DPELWLRQ IRU WKH SKDVH RXW RI QHZ
diesel vehicles by bringing forward the 2040
commitment to at least 2035. This is aligned with an
increasing number of recommendations, including
a parliamentary committee report in October 2018
which recommended that the UK bring forward the
deadline to 2032. This will enable the UK to continue
its ambition to be a leader in 21st century transport.

The UK is transitioning to an energy system that
increasingly puts power in the hands of customers.
Markets must be developed to provide solutions
that balance customers’ charging preferences and
the needs of the network. Any centralised managed
charging by network operators is at odds with this
and risks hindering EV uptake.

This report
highlights a number of market solutions coming
forward. Customers need to feel empowered at the
local level and there should, therefore, be a further
URXQG RI A*R 80WUD /RZ &LW\B 1XQ(

Though the majority of charging installations will

be privately funded, there will likely be areas where
there is no business case for the private sector to
install infrastructure. These areas will require

public funding to help reduce ‘range anxiety’ and
HQFRXUDJH WKH WDNH XS RI (9V

Government funding has been fundamental to

the uptake of EVs. Government should continue to

support the upfront costs of both EVs and charge

points until at least 2020. Government should

also provide clarity on the levels of support to be
DYDLODEOH SRVW ZLWK WLPHOLC
UHPRYDO :H H[SHFW (9V WR EHFRPH
with internal combustion engine vehicles in the

2020s and therefore will no longer require such

VLIQL FDQW DQG GLUHFW VXSSRUW
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Setting the scene

/[HWBV VWDUW ZLWK D VWRU\ EDVHG RQ D UHDO
HOHFWULFbYHKLFOHbFKDUJLQJ FRPSDQ\bUHFHQ
IURPbVRXWKbB/RQGRQ WR %ULVWRO

ULR 7KHDb&(2
RN KLV \RXQ.

They had a modern electric car and arrived at ~ This story illustrates the challenges facing a new and
D AUDSLG FKDUJHUB WR WRS b4y gxpiking ghgyaing mapei Aostying we paye the

FKDUJHU ZRUNHG DOG GHOLY (il RS KHCE B CHIR Ky,

car reliably — but it took 45 minutes. for charge point operators (CPOs) to be successful, they nee
to understand their customers’ needs and the dynamics of

So there was no issue around ‘range anxiety’ (having the different charging environments. Therefore, having

enough of a charge to reach a destination) or service the right business model in place, with the appropriate

reliability. However, from an experience point of view, itwas  partnering and funding, are essential if charging companies
lacking. His children were two and four years old. The only  gre to succeed. The companies that understand their
food available was an unhealthy fast food retailer. There customers and their business will be the ultimate winners in

ZDV QRWKLQJ QHDUE\ WR HQWHUWDL® KW EKBRXCHE R | @B YPHE 8 WHEKHHGIN H W

anything for he and his wife to do. No business lounge. No  of an EV revolution.

SOD\JURXQG 1RbVKRSSLQJ FHQWUH )RUW\ YH PLQXWHV LV D ORQJ
time to kill with young kids and nothing to do. You might
call this ‘experience anxiety’.
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Our approach

This report focuses on the charge point operators and the
different business models and challenges we see emerging
LQb(9 FKDUJLQJ

CPOs are the companies that install, maintain, Inour previous report“Charging ahead! The need to

operate or optimise EV charging infrastructure. upscale UK electric vehicle charging infr.astructure”,

We intervi q f the leading operators we looked from the consumer’s perspective at the broad

R T[S e 1€ O gop FKDOOHQJHV IDFLQJ (9 FKDUJLQJ LQbW
in charging from larger to smaller players. We

also spoke to other key stakeholders across the 7KLV WLPH IURP WKH &32BV YLHZ ZH KI

value chain such as electricity suppliers and strategies, approaches and business models. Our research

transmission and distribution businesses. has sought tq distill the common strengths and key themes
relevant to this array of players.

Powering ahead! Making sense of business models in electric vehicle cha  rging 5



https://www.pwc.co.uk/industries/power-utilities/insights/electric-vehicle-infrastructure-report.html
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.H\

2XU UHVHDUFK LGHQWL HG

QGLQJV

RSHUDWRUYV LQ WKH 8. (9 FKDUJLQJ PDUNHW

The ‘Portfolio’ player

This type of company operates across
multiple charging segments, such as home,
work and destination charging. Typically
this player extracts revenue from several
charging segments. Its operations may also

The ‘Specialist’ player

Companies in this category tend to focus
on one charging segment, leveraging their
technical capabilities and relationships
with key stakeholders to generate revenue
from that business. Some rapid charging

span different parts of the EV charging value operators are a good example of this.

chain (from installation of charge points to
maintenance of the network).

The ‘Network Optimiser’
player

Companies in this group focus on building
a future market position across multiple
charging segments to capture alternative
revenues on the back of traditional EV
charging. These secondary revenues
could be from helping manage the grid by
exporting power from clusters of stationary
EVs or by using smart technology to ‘load
shift’ (facilitating the charging of EVs at
periods of low demand).

IRXU HPHUJLQJ EXVLQHVV PRGHOV IRU F

The ‘Energy Supplier’ player

For these type of companies, typically an
electricity supplier, EV charging is currently
not a core part of the business. However,
they are keen to build a position in EV
charging, given increased adoption of EVs
will boost national demand for electricity,

ZKLFK LQ WXUQ ZLOO EHQH W

companies. Future opportunities around

PDQDJLQJ SRZHU GHPDQG SUR

charging for example, will increasingly
appeal to energy suppliers.

Across the EV charging universe, some operators will fall neatly into one of these business models. Other operators may blend elements of several mo dels. Given the rapid
evolution of this market, it is likely other models will emerge. We believe th ere may be some market triggers that accelerate the evolution of business m odels. One such trigger
may be the ending of government grants for EVs and chargers at some point in the fu ture.! This may require automotive original equipment manufacturer (OEMSs) to participate
in the value chain more actively. Selling an EV in the future may need free charging hardware and installation as an incentive for consumers.

6 PwC


https://www.bbc.co.uk/news/business-45831150

“We think about 60% of all

HQHUJ\ ZLOO RZ LQ
home and 30% will be at work.
TKHbUHPDLQLQJ SOL
EHWZHHQ GHVWLQDV\/?]F;RQ:[
route charging.” =

‘l‘ ﬁ'

“VYCharge is based on the concept of scale,
allowing you to bid on larger grid services. This
Is most effectively delivered through multiple
partnerships, such as with energy suppliers,
OEMs and many other parties.”

James McKemey, Pod Point

‘ Tom Pakenham, OVO Energy

in electric vehicle cha rging 1



When adopting these business
PRGHOV RSHUDWRUVDbZLC
consider some guiding principles
WRDEHbVXFFHVVIXO

‘Revenue stacking’ is crucial

Operators need to consider generating multiple
revenue streams to mitigate investment and utilisation
risk. Moreover, as EV charging proliferates, increased
competition will erode energy margins, emphasising
the need to deliver additional services. Needless to say,
UHYHQXH JURZWK QHHGV WR EH GHOLYHUHG

$FKLHYLQJ QHWZRUN VFDOH LVbF

The more charge points an operator develops, the

greater the potential to deliver multiple services, generate
alternative revenue streams and create a ‘sticky customer’
YDOXH SURSRVLWLRQ 1HWZRUN VFDOH DO
of scale from maintenance through to the cost of capital.
Moreover, there is an argument that in the long term,
WKRVH}RSHUDWRUY ZKR KDYH D QDWLRQDO
likely to thrive.

Delivering a solution for ‘experience
anxiety’

As illustrated in our opening anecdote, addressing

. our op °SSIng “We're sceptical about the rapid charge business
‘experience anxiety’ will be a key enabler to increasing . . .
utilisation and maximising revenue generation, as well as model where you install an expensive charging
catalysing the broader adoption of EVs. The key here is D V V H W b D Q G O R R N V R O H O \ | R U d

WR NQRZ \RXU FXVWRPHUVp KDELWV}VR \RX FDQ DG

needs across a variety of charging scenarios. W R b S D \ R | | b W K H D V V H W D

James McKemey, Pod Point
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2XU UHVHDUFK VXJJHVWYV WKH SURVSHFWYV

IRU KRPH

DOQGbGHVWLQDWLRQ FKDUJLQJbDUH SRVLWLYH

FLYHOQ PRVW KRPH RZQHUV KD AXslor rapid ¢hargingiandWérk pladel charging, their
street parking, as found in PwC’€harging prospects appear more mixed.

ahead! report, home charging will be a
relatively easy channel for charge point
operators to develop as EV demand grows.

Rapid charging is currently a challenging channel due to high

relatively restrictive, as it needs to balance grid connection

,LOYHVWPHOW FRVWVDD QG U H kostsand\énsure ease oRaecéss forclstorers and high levels

low (compared to rapid charging for example). ~ RI IRRWIDOO ,QbWKH QHDU IXWXUH L
JRRNLQJ DKHDG KRPH FKDUJLeyiprighle 'h#WerE?“f@fﬁ'H'hsfl'O“ rates are likely

. toincrease and the economics of rapid charging may become
base of EV customers for charge point operators e attractive.
to achieve scale. This scale can help develop
IXWXUH UHYHOXH RSSRUWXQ LFevvoik placelchatging, domimerdial buitdings are
services to smart charging. increasingly required to demonstrate ‘greener’ credentials,
thus supporting the rationale to deploy EV chargers in the
work place. Outside of towns and cities, where commutes are
typically longer, EV drivers will also build up the demand
for infrastructure to ‘top up’ during the day. Moreover,
(9 FKDUJLQJ IRU FDU HHWYV LV OLNHO
SURSRVLWLRQ GXH WR VFDOH DQG XW
trend of remote working and overall uncertainty of demand

FRORT SN PERRTHOARPD TR IRIS

As for destination charging, the current prospects are
positive. If charging assets are well located, a high level of
footfall and guaranteed dwell time (how long an EV driver
spends charging their vehicle) will support utilisation. This
segment also lends itself nicely to developing additional
revenue streams — such as targeted advertising. In the longer
WHUP JXULQJ RXW WKH GHVWLQDWL
sustaining this segment.

LOYHVWPHQW FRVWY DQG XQFHUWDLQ

“We are building a rapid DC

[direct current] network for now

and into the future. From day one
we were planning for charging

at higher speeds than is available
today. The business model is based
RQ XWLOLVDWLRQ VRD
locations is key. These early years
are a land grab, and ultimately this
becomes an alternative fuel play.”

Tim Payne, InstaVolt

C)DVW IRUZDUG YH \HI
think the regional network is a

viable proposition. | think we will
simply have strong, nationwide
networks.”

Tom Callow, Chargemaster

Powering ahead! Making sense of business models in electric vehicle cha rging 9
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A successful business model needs a robust go-to-market strategy
EDVHG RQ SDUWQHUVKLSY DQGbHI FLHQW QDQFLQJ

Partnerships Financing

/HYHUDJLQJ WKH DXWRPRWLYH RULJLWHIexhéiH\Xch& @ind) @hevket boasts attractive growth
PDQXIDFWXUHU VDOHYV FKDQQHO D Q GpdiHtiHtkeR®&rging matprd_dthisRecidtmay complicate
installation capability will be key to the current and future lending opportunities.

SURVSHFWYV RI RSHUDWRUV ,Q KRXVH LQVWDOODWLRQ FDSDELOLWLHYV
DUH HVSHFLDOO\ LPSRUWDQW WR KR Rsla Fekull,bgdragods willviedd }0\Wrikdét standlvwhete EV

suppliers selling premium EVs will expect charging charging sits on the technology maturity curve, as this will
LQVWDOOHUVY WR GHOLYHU D KLJK Y Ddixtatd theHudding BptioksHaval &0 to@ampemids |&okiny Q G
RIbWKH YHKLFOH WR GULYH WKHLU JURZWK DPELWLRQV 'HEW QDQFLQJ RIIHUV

VLIJQL FDQW SRWHQWLDO WR DFKLHYH VFDOH +RZHYHU SRWHQWLDO
Beyond the home charging channel, partnerships that are  lenders will need to assess the risks associated with an
PXWXDOO\ EHQH FLDO IRU &32V DQG infratube\eahbologwendw htextdinidveKuR dilboks.
will also be crucial to securing locations across all other
channels whether it be with supermarkets (destination
FKDUJLQJ FRUSRUDWH RI FHV ZRUN SODFH FKDUJLQJ RUbSHWUS
retail outlets at motorway service areas (rapid charging). 3

10 PwC




HOW the Charg I ng Exhibit 1: UK a leader in EV charging
market stacks up R o LR EB L L8 R DZ L PR o T B L6 F s

2076
2037

A leading market in Europe,
EXWbIUDIJPHQWHG

The UK EV charging market is arguably one of

the most advanced in Europe. What happens in

WKLV FRXQWU\ PD\ LQ XHQFH WKH H

charging in other geographies. As illustrated in

Exhibit 1, the UK ranks alongside Germany with

the highest number of publicly accessible fast

chargers — an indicator of charging maturity.

Moreover, the UK also has the largest EV stock
QXPEHU RI YHKLFOHYV PDGH XS RI SO

EVs and pure battery EVs).

119

. Number of fast chargers
Total EV stock (000s)

(%2}
°
e
Kt
—
[}
<
=
[}
=z

Portugal

Source: IEA; PwC Strategy& research
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UK demand for EVs is growing rapidly. In 2017 the EV stock the UK. Between 2011 and 2017 the overall number of The deployment of charge points to date has been strongest
totalled about 134,000. The increase from 2016 to 2017 charge points grew at 44% compound annual growth rate DFURVYVY *UHDWHU /RQGRQ 6RXWK (DVW
alone was almost as much as the cumulative total up to 2015 (CAGR) mirroring the growth in EV stock, as illustrated three regions alone account for over half of all points, as

(some 47,000 vehicles), as illustrated in Exhibit 2. The EV in Exhibit 3. Interestingly slow chargers make up most of detailed in Exhibit 4. The drivers behind this deployment

stock grew about by some 90% compound annual growth the publicly accessible infrastructure, despite the needs of LQ /RQGRQ DQG WKH 6RXWK (DVW LV VL

rate (CAGR) between 2011 and 2017, virtually doubling (9pGULYHUV WR KDYH FKDUJLQJ ZLW Kar®ovVtieRrthw/ikitbese Fediah® A4/forSidotland, a
\HDU RQ \HDU ZLWK SOXJ LQ K\EULG HOHFWULF YHKLFOHV 3+(9 JRYHUQPHQW EDFNHG LQFHQWLYH VFKH
driving that growth trajectory. Data on the total number of private charge points, typically  Scotland’, has given charge point operators, installers and
at homes or work places of EV owners, is much harder to WKLUG SDUW\ GHVWLQDWLRQV WKH QD
Charging infrastructure is, naturally, expanding too. obtain. Using the International Energy Agency (IEA)'s out infrastructure.
7TKHbQXPEHU RI SXEOLFO\ DFFHYVVL E Od$stnkpiiod dfth 1SIRAtIQf privareSchagn® hoiits to EVs,
slow and fast chargers, is growing rapidly. In 2017 there WKLV ZRXOG VXJIJHVW D QXPEHU DV KAslipdtie regulatory @nyWéikténBand general growth
were nearly 14,000 publicly accessible charge points across in demand for charging infrastructure has attracted many

FRPSDQLHV LQWR WKH VSDFH :H KDYH
CPOs or hardware players in the UK, ranging from electrical
FRQJORPHUDWHYV WKURXJK WR VWDUW >

Exhibit 2: Electric vehicle stock in the UK — Exhibit 3: Publicly accessible charge points in the UK Exhibit 4: Publicly accessible charge point
total EV car stock — total public EV charge points distribution

133,670 %%%
I BEV stock B rublicly accessible slow chargers 13,534 @

PHEV stock Publicly accessible fast chargers 11,208 59%
2011-2017 86,420 2011-2017 9,377 M
CAGR: 89% CAGR: 44% 7,742
48,510 5,691 ‘
24,080 2,840 %
9,340 1,508
R m B
2011 2012 2013 2014 2015 2016 2017 2011 2012 2013 2014 2015 2016 2017 :
Greater London East of England Yorkshire & The Humber
Source: IEA; PwC Strategy& research Source: IEA; PwC Strategy& research
Scotland North West East Midlands
South East West Midlands WWEIES
South West . North East N. Ireland

Source: Zap Map; PwC Strategy& research
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Another aspect of the evolving ecosystem is how consumers
are discovering different ways to interact with the
LQIUDVWUXFWXUH DURXQG WKHP :H
behaviours that consumers tend to show when charging, as
shown in Exhibit 5.

Exhibit 5: Evolving EV charging patterns

These patterns provide CPOs and other related market
participants a variety of ways to play. While the EV charging a
market is fragmented, two players — Chargemaster and O
Pod Point — have built the most scale to date. They have I
established ngtworks thatlspan thg value chain apd across Overnight home charging ‘
the UK, covering the public and private sector. With over
7,000 publicly accessible charge points between them, « Charge your EV at night to take
WKH\ DUH HVYWLPDWHG WR KROGbDUR advantage of lower tariffs * Charge your car from a
accessible market. « Potential V2G applications lampost outside your home
s ILPLWHG 9 * ,QDQFLDO LQFrypvL YR

. . and technical constraints
Beyond the two largest players, a growing market will
VXSSRUW PDQ\ GLITHUHQWLDWHG DSE¢S
evolving consumer behaviour, various competing business e

models and ongoing consolidation (such as BP’s acquisition
of Chargemaster in 2018), we believe the market is quickly
reaching a tipping point. This then raises the question:
“Which business models are likely to be the most

resilient as the market develops?”

« Drive your car along
1 dedicated EV only roads

[ o ] « Have access to chargers at

regular intervals

« Top up your charge during
the day at work
« Demand can be limited if
commute is short
« Potential V2G applications
s /[LPLWHG 9 * ,QDQFLDO LQFHQWLYH

« Charge your car during a long distance
journey using on-demand rapid chargers on
motorways and other strategic destinations

s 3DUW RI H[LVWLQJ IXHO UHWDL

and technical constraints °
« Top up your charge when
e e e e visiting regular destinations » As a commercial operator charge
(supermarkets, \RXU ...HHW RI WD[LV RU GHO
leisure centres, gyms) vehicles at a central hub

Source: PwC Strategy& research
Powering ahead! Making sense of business models in electric vehicle cha  rging 13



KHUH GRHV FKDUJLQJ WDNH SODFH DQG KRZ

Unsurprisingly, given the relative immaturity of this market, we see a divese range of business models emerging. To
help better understand the industry dynamics we have divided the EV changg market into four segments, as shown in

(IKLELWDb

Home charging

AC3-7

Destination charging

AC 3-50
Rapid charging

AC 43

DC 50 - 120

DC 150

Work place charging
AC7-22

14 PwC
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Home charging (which is the largest charging segment) is slower than rapi d charging
A Nissan Leaf with 30kWh battery with a 7kW charging point will take 5 — 6 hours to ch arge

Charging at typical destinations you may travel to during the day
These may include supermarkets, hotels or gyms

This is the only power level currently available in AC rapid charging

Currently only Tesla offers 120kW ‘Superchargers’

In 2018 Pod Point announced it was introducing 150kW chargers across the co untry

The new Jaguar |-Pace claims to be able to charge to 80% in just 45 minutes using 15 OkW
charger, despite a relatively large 90kWh battery

With the UK’s current 50kW rapid chargers, it would need around 90 minutes

Charge points at work are often similar speeds to those used in home chargin g

Based on our interviews with various stakeholders, we
LGHQWL HG D QXPEHU RI NH\ FULWHULD
and scalability, to assess each segment. These criteria are
DVVHVVHG WKURXJK WKH OHQV RIbWKH

For the EV driver, we considered:

1. How easy and convenient, in terms ofocation , is it to
charge in that segment?

2. How price-sensitive is the driver to charging in
this segment?

3. What is thecustomer experience like when charging?

For the CPO, we considered:

4. What is the potential for ‘revenue stacking’ in the
segment? In other words, what is the opportunity to
generate alternative revenue streams apart from straight
forward power or hardware sales?

5. '"RHV WKH VHJIJPHQW U lhvestment AUt QL F
as capital expenditure) to deliver through this channel?

6. Are there majorregulatory hurdles to overcome W RbURC
out infrastructure via this channel?

7. lsiteasy to scale up using the channel?

Getting the right balance across these different criteria
is important if business models are to be resilient.
Clearly CPOs can choose to play in just one or multiple
charging segments.



8VLQJ WKLV IUDPHZRUN DQG EDVHG RQ RXU LQDFMKHENDERWOZH DOWIHE WRRKFDVWHBRDVRUBIGQAW ([KREID/Q HQDEOHU

Exhibit 7: Anatomy of success for EV charging segments

Charging
segment

Home charging

A

Destination charging

{%@

Rapid charging

i

Work place charging

=

LE

Ease of
location

_m+

_m+

_m+

_m+

Key customer criteria

Price-sensitivity

_m+

_m+

_m+

_m+

Customer
experience

_m+

_m+

_m+

_m+

Revenue
stacking

_m+

_m+

_m+

_m+

Key charge point operator criteria

Investment
requirement

_m+

_m+

_m+

_m+

Regulatory
complexity

_m+

_m+

_m+

_m+

Opportunity
to scale

_m+

_m+

_m+

_m+

Overall segment outlook

Positive outlook

Low cost model with potential
to scale up customer base and
bundle products

Positive outlook

Potential for alternative revenue
streams. Contingent on future
retail trends

Mixed prospects
Remains high cost model,
dependent on high utilisation

Mixed prospects
Strong ‘green’ policy incentives to
adopt charging but unclear if work
force will exploit

Source: PwC Strategy& research

 rapid charging currently remains a high cost model, facing a number of chdnges
LQbWHUPY RI UHYHQXH RSSRUWXQLWLHVRYRDPBU MDYGPRBI

e« KRPH FKDUJLQJ LV SURPLVLQJ GXH WR WKH EBDQ@H WV RI|BEVEDvErsitaReQaxzhd\dal ahX §etused tatakiNgHapderjourneys, demand for riap
WRbDEXQGOH SURGXFWYV DQG SURYLGH SRZHU JULG OHY HbaryitlikYikelytb\increase

e GHVWLQDWLRQ FKDUJLQJ DOVR RIIHUV NLWDRDLG@W 8 R RWerQANaLging ofiers hotdhRal dppdttdigitdes via scale but it is still a nche play,
DVbDGYHUWLVLQJ DVbEXVLQHVVHY DUH VWLOO LQ WKH HDUO\ VWDJHV RI F

All charging segments are analysed in detail but at a top level:

Powering ahead! Making sense of business models in electric vehicle cha  rging 15



Home charging offers
promising potential as a low

FRVW DQG VFDODEOHDRSSRUWXQL

Key customer criteria Key charge point operator criteria
Charging Ease of Price- Customer Revenue Investment Regulatory Opportunity
segment location sensitivity experience stacking requirement complexity to scale
Home
charging

A |-m+ -op+ -Eme | -ED-

Source: PwC Strategy& research

In our report “Charging ahead! The

need to upscale UK electric vehicle

charging infrastructure” , we found 78%

RI KRPHRZQHUY KDYH DFFHVV WR RII VWUHHW
parking — making home charging the most

likely way to charge for EV drivers. It is

for this reason we see home charging as a

growth prospect. Moreover, for CPOs it is an
effective way to build up a customer base for
future alternative revenue models.

— [ +

— [N +

— [ +



https://www.pwc.co.uk/industries/power-utilities/insights/electric-vehicle-infrastructure-report.html
https://www.pwc.co.uk/industries/power-utilities/insights/electric-vehicle-infrastructure-report.html
https://www.pwc.co.uk/industries/power-utilities/insights/electric-vehicle-infrastructure-report.html

Opportunities and challenges in home charging

JRU (9 RZQHUV KRPH FKDUJLQJ RITHUV D FRQYHQLHQW DQG UHODWL
FKDUJH D FDU ZLWKRXW KDYLQJ WR DOWHU OLIHNW\OH KDELWYV )RU
RITHUV VLIJQL FDQW JURZWK SRWHQWLDO DVQAMABGWY UHYHQXH VW

Partnerships with automotive OEMs will be key Building up a large customer base through households will ~ Another future hurdle for the segment may be the outlook

to ensuring a robust sales platform. For example drive additional revenues. Moreover, in contrast to rapid for government subsidies. Currently the UK government
. . ' charging, the investment requirements are relatively low provides grants for the purchase of some EVs, as well as for
Jaguar has a partnersfhlplwnh Ch_argema,Ster with limited regulatory complexity. home chargers. At some point this funding will end. It is
and Pod Point to provide installation services unclear if consumers will be willing to pay the full price of a
IRU FKDUJLQJ XQLWV ZLWK H stakt techriglegywill be criticabté:.changing customer home charger once this subsidy ends. Automotive OEMs may

WKH QHZ DOO HOHFWULF VS Rhomg/charging\béhayiouys, 1o ayvdid knheceSsaiy costsin) (then have a role to play. They may need to consider moving
(TXDOO\ WKH QHHG WR KDYH qﬂd@a@a@gm@hlyovrIqarligr}{egn[g‘g@r@'n\g ahead!’, further down the value chain to ensure their EVs are sold by

installation capabilit ill be critical to deliver we discovered that while battery electric vehicle (BEV) RITHULQJ WKHLU RZQ LQVWDOODWLRQ V
: : pability wi ' v drivers plug in to charge throughout the day at different the cost of the hardware.
WHKH FXVWRPHU H[SHULHQFHD jgchtidas, the-ost'é r%o%ré{}{),*éet%,ééﬂgD%@ne

of the automotive OEMSs. RIl VWUHHW DQG W\SLFDOO\ EHWZHHQ SP K SP 7KHVH DUH
clearly peak hours across the grid.

If CPOs can develop partnerships with other related third

parties, such as solar panel installers, more bundled servicesTherefore, a combination of market incentives (‘time of use

can be explored to deliver a ‘sticky customer’ proposition. tariffs’ — cheaper rates of electricity during the day when

There is also an evolutionary curve of sophistication for demand is lower) and smart technology will be needed

GULYHUV SXUFKDVLQJ WKHLU UVW (9WRQPE KFIKIWVUWLQ U FADVDO KKPH)JEZRB\SDWWHUQV WR RII SHDN WLPHV

quickly develop an awareness of the cost of charging, seek

alternative power suppliers and become inquisitive about In terms of constraints, for EV drivers there may be concerns

additional related hardware (such as solar panels). This about the speed of charging. As referenced already, a Nissan

will present opportunities to CPOs to develop secondary /IHDI ZLWK D N:K EDWWHU\ ZLWK D N: FKDUJLQJ SRLQW ZLOO

UHYHQXH VWUHDPV *ULG H[LELOLW\WHBNMLFHKRDURP WRIF&EDUJH $GPLWWHGO\ FKDUJLQJ ZLOO KDSSHQ

VKLIWLQJ RU YHKLFOH WR JULG 9 * BEE Eveniagk urevenldlitidnd 10Ghe lebgihivoRtime may

SUHVHQW IXWXUH RSSRUWXQLWLHV H¥ RéseflaD 3Da. E\bSDUWQHULQJ ZLWK

energy suppliers.
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JLQDOO\ D IHZ WKRXJKWYV DoRever, & r thevpbkision of free

charging. For the purposes of this report charging in some public infrastructure,
ZH KDYH FOXVWHUHG WKLV thix Hoas IralsP Bin(sdlueXdiBd-fidure. Free
home charging as it is most likely EV charging certainly helps encourage EV
owners will use street charging close to adoption rates. But there is a risk that some

WKHLU KRPH :KHWKHU VW D &\Gdrivédsth@yexp&cbthisl to Gelan ongoing

units or street lamp chargers are involved, EHQH W DQG FKDQJLQJ WKDW PLQG VHW PD\
WKH SURYLVLRQ RI RQ VWU hiew chaléngingL. QJ LV DQ
important element of getting people used
to charging and therefore accelerating

adoption rates. Government at both the “Most of the public charging infrastructure installed
laikichiliuidriodrumsuniaidll 10 date has been with grant funding, and initially
to date on promoting street charging. . ! .

this was intended to encourage early adoption by
From the CPO'’s perspective, street charging offering free Charging to EV dl’iVGI’S.

offers a low margin but dependable model.
Operators can sell the hardware to local

kel [\ O\ that electric vehicle adoption is increasing,
stttk AL LCU I commercial markets need to provide high quality
CPOs have the assurance of continued

PRI ssaraeral  and reliable infrastructure, and people need to get

Bt ENGIELEE LU IN  Used to the idea of paying to charge their vehicles.
RITVHW WKH ODFN RI LQ KRX

There is a large contingent of existing EV drivers
who think charging their car should be free. .
'HbQHHG WR FKDOOHQJH WKDW PLQG VHW D

Tim Payne, InstaVolt
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“The link to OEMs and
HQHUJ\ VXSSOLHU
be important for home
charging. If we get grid
services or V2G applications,

having the energy supplier
involved will be increasingly
more important.”

Tom Callow, Chargemaster
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Destination charging covers

charge points which are at regular
destinations for EV drivers. This may
include supermarkets for shopping,
food outlets or gyms and leisure
centres for sporting activities. All
these destinations typically have high
levels of footfall and prolonged dwell
time (hence higher utilisation of the
charging infrastructure). Destination
charging is an emerging segment with
high potential to exploit alternative
revenue streams.



Opportunities and challenges in destination charging

One potential trend might be for supermarkets to offer
free charging. By using the chargers as a loss leader,
supermarkets can attract customers in the same way they
discount fuel sales to generate more custom.

Speed of charging in this context becomes particularly A charging point also provides an additional draw for hotels
important. Rapid charging would be too short (and as the EV market continues to develop. In fact, as the chief
expensive) for customers to linger. Slow charging may executive of Chargemaster David Martell noted, “We believe
equally discourage customers from staying longer. Getting WKDW ZLWKLQ WKH QH[W YH \HDUV DO
the right balance in charging speed will be important. FKDUJLQJ MXVW OLNH WK#H\ SURYLGH :|

Moreover, retailers can explore other options, such as

FKDUJLQJ D [HGbSULFH IRU FKDUJL QHith¢r@atj fiekandeldf deRibatdns will change. Given

YRXFKHU ZKHUH WKH FKDUJH LV UH G lthel imgadt df brikhi shbdngFay fovydHdy eXaniRlS, Yhere

at the retail outlet. may be far fewer supermarkets in 15 years’ time. In which
FDVH &32V ZLOO QHHG WR JXUH RXW R

Destination charging is likely to be a target segment for the EV drivers.

network optimiser model. For example, car parks, especially

those at airports, have the possibility of knowing exactly

how many batteries they will have connected at any one

time and available for ancillary services.

Working out which are the key destinations — now and in

the future will be critical to the success of this channel. It is
interesting to note Chargemaster’s decision to install (with
no upfront cost) a network of charge points at AA hotels, in
the belief that EV drivers will seek out destinations that have
charging points over those that do not.
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Rapid charging remains a niche and high
cost segment with limited revenue stacking
opportunities and barriers to scale

Key customer criteria Key charge point operator criteria

Charging Ease of Price- Customer Revenue Investment Regulatory Opportunity
segment location sensitivity experience stacking requirement complexity to scale

Rapid
charging

& |-m e - -mp e -mee -mme

Source: PwC Strategy& research

Rapid charging has an important role to play in addressing potential corens around

‘range anxiety’. For those EV drivers on long distance travel, it is critité have strategically

located rapid charge points such as at motorway service areas or hotelsoRr a customer

SHUVSHFWLYH WKH DELOLW\ WR FKDUJH TXYFINDAXPIE®Y DQWKURXJK D ORQJ MRXUQ
important part of the overall driving experience.




Opportunities and challenges in rapid charging

In terms of constraints to future growth, rapid charging is

Given the potential strain on the grid presented by rapid
charging, obtaining the consent and support of a regional
distribution network operator (DNO) can be a lengthy and
possibly a prohibitively expensive process. According to
feedback from our interviews, some CPOs alluded to mixed
levels of engagement by the different DNOs.

The application of advanced energy storage systems

(such as batteries) to complement rapid charging could be
HYVHQWLDO WR DOOHYLDWH VWUHVV
costs. Energy storage will enable this segment to generate
more opportunities to ‘revenue stack’, as ancillary services
DUH VROG WR WKH JULG VXFK DV ED!
response). However, even with the use of energy storage

expensive to set up. As a rule of thumb, a 7kwW home charger systems, rapid charging will always be location sensitive

costs about £1,000 to install a socket, whereas a 50kW
charger is likely to cost upwards of £30,000 a connector.

Moreover, as one goes beyond 50kW, the costs multiple as

with respect to local grid resilience and convenience of
charging for EV drivers.

JULG UHODWHG DQG VLWH FRVWY DUH IDFWRUHG LQ

Powering ahead! Making sense of business models in electric vehicle cha
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Work place charging is an evolving

segment. With commercial buildings

under obligation to be more energy

HI FLHQW DQG AJUHHQB LQW
charging infrastructure at work is

OLNHO\ WR JURZ /LNH KRPH
WKH VL]H RI WKH SUL]JH FDQ
as CPOs can leverage an increasingly
growing and captive network of users

to sell secondary services.

Work charging can be positioned as a

SHUN D EHQH W LQ NLQG IR
usage can serve as an incentive to

encourage other users to adopt EVs.

However, demand for work place

charging will be impacted by an

increasing trend for remote working

and different driving patterns in

large cities.



Opportunities and challenges in work place charging

For CPOs, having a large group of work place charging

users will provide a captive network to sell secondary

services such as advertising. Moreover, once this becomes

a sophisticated offering, work place charging could act as

a balancing mechanism for the grid. Having cars parked

for some eight hours a day could help manage peak and

RIl SHDN SHULRGYV HVSHFLDOO\ LQ KHDY\ LQGXVWULDO DQG SRZHU
intensive locations.

(TXDOO\ (9 FKDUJLQJ IRU FRPPHUFLDO FDU HHWYV LV DQ
attractive opportunity due to scale and utilisation as
already referenced.

In terms of challenges, EV drivers may not be willing to pay

a tariff for charging, especially if they have preferential

UDWHVY DW KRPH 6RPH ZRUN SODFHV PD\ GHFLGH WRbRIIHUbIUHH
charging as a perk, in which case this is less of an issue.

As referenced already there may be differing levels of

GHPDQG GHSHQGLQJ ZKHWKHU WKHbZRUN SODFH LV XUEDQ RU
QRQ XUEDQ (TXDOO\ WKH RQJRLQJ WUHQG RI UHPRWH ZRUNLQJ
PD\bDOVR LPSDFW WKH HFRQRPLFV RI ZRUN SODFH FKDUJLQJ

Powering ahead! Making sense of business models in electric vehicle cha  rging
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Bringing your business model to life

Exhibit 8: Overview of partnership options for charge point operators

Our research revealed partnerships were necessary et EEY DES IEEm SIENEIE eI ey

depending on the charging channel being targeted, as
highlighted in Exhibit 8. Partnerships are required to
develop ‘revenue stacking’ opportunities or to gain access to
new markets.

JLIXULQJ RXW WKH EHQH W WR DOORZ D VLWH RZQHUsWR XVH WKHLLY
land is critical and an important dimension to partnerships.

CPOs typically do not own the land where charging assets

are installed. Therefore, operators have to understand what

LV WKH EHQH W WKH\ RITHU VLWH RZQHUV..VXEK.DV.D.ERPPLVVLRQ

or rental income) that will allow their business model to

ZRUN DQG EH SUR WDEOH ,QbVRPH FDVHV'"WKH VL'WH RZQHU PD\ QRW
expect an income, treating charging as a free service (as in

WKH FDVH RI :L )L WR DWWUDFW |IRRW/D:OIO
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Business model funding

Exhikit @: EV charging or the funding maturity curve

Given EV charging has still some way to go before becoming

a mature technology, there are some funding hurdles to

overcome. Most CPOs are currently restricted to private

HTXLW\ DQG YHQWXUH FDSLWDO QDQFLQJ [$V WKH\ JURZ LQ VFDOH
DQG GHYHORS D WUDFN UHFRUG RI QDQFLDO JURZWK D EURDGHU
pool of lending could be accessed.

urity

$V D UHVXOW DQ\ JR WR PDUNHW IXQGLQE‘VWUDWHJ\ ZLOO QHLE = 777
demonstrate a solid and reliable revenue model. Moreover,

LIl WKH UHYHQXH LV AVWDFNHGB DQG RSHUDWLRQV DUH &~ VHIIL.. —.,
WKLV ZLOO IXUWKHU EROVWHU WKH UHYHQXH PRGHO O
WKH ULVN SUR OH RI WKH &32 %XLOGLQJ UHYHQXF —
D JURZLQJ (9 FXVWRPHU EDVH ZLOO EH FULN\ ' I1JLF

partnerships are a key tool to help deliver this growth, as
already referenced.

Maturity phase Start-ups and R&D Growth into new markets
Typical investor Venture capital Private equity
Target IRR: 20%+ Target IRR: 10% — 20%

Consolidation and continued growth

Infrastructure funds
Target IRR: 5% — 10%

Powering ahead! Making sense of business models in electric vehicle cha  rging
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Deep dive on business models

Builds a network spanning
the value chain and
charging segments

to diversify risk and
maximise revenue
stacking possibilities
Across the segments,
home charging remains
the key one to build scale
quickly

Diversity of charge points
by segment means

Home charging

Destination charging

Work place charging

Rapid charging

Player builds across

all segments, although
volume of charge points
concentrated in home
segment

Lesser focus on rapid
charging due to higher
costs and utilisation
challenges

RSHUDWRU EHWWHU}SODFHG

to address customer
experience

Source: PwC Strategy& research
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Develops partnerships

with leading EV automotive
OEMs, as this is the key
route to build scale through
home charging

Installation capabilities
need to be in-house

to protect OEM brand
reputation and ensure
customer experience in
home charging

Build partnerships focused
on destinations with high
footfall and long dwell time
in destination charging
Land owners critical partner
to install charging assets

Access to differentiated
revenue streams
(maintenance contracts,
bundled products,
advertising etc.)

Ability to attract low cost

High investment cost

implications due to
GLYHUVL,HG RSHUDWL
need to monitor customer

charging habits across

different charging segments

,ODQFLQJ GXH WR GLY ¢hejo date énalytics

revenue streams
Flexibility to scale up
and down by segment
and according to market
potential

capabilities required)



Destination charging Work place charging Rapid charging Home charging

e Focuses on a core e Greater potential to target e Builds strategic  Ability to exploit niche e Financing costs higher
FDSDELOLW\ LQ}D VLQ foDdpecialists given relationships with charging behaviours (with compared to other models
charging segment technological / partnering partners focused on core specialist approach) as as dependent on market
needs capabilities market grows to carve out growth assumption
e Home charging harder to e Uses innovative D}OHDGLQJ UROH e +LJK H[SRVXUH WR VS
penetrate as a specialist IXQGLQJ}PRGHO QR-e+X&ncommand a price segments that may shrink
due to commoditisation front cost) to incentivise premium for example in or have limited growth
SDUWQHUV}I}WR DGR S WapMKlhitglig potential over time
charging solution e Limited revenue stacking
e High risk and high return opportunities due to
funding model requiring QDUURZ}IRFXV

Venture capital-like funding

Source: PwC Strategy& research
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Focused on aggregrating
EV battery capacity and
selling the services to

the electricity distribution
network operators

Scale is important, as

many cars will need to be
aggregated to produce
viable grid service revenues

Source: PwC Strategy& research
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Home charging

Work place charging

Rapid charging

i

Destination charging

Segments offer the scale
and also a long dwell time
(up to 8 hours)

Destination charging car
parks, especially at airports,
could be potential target
segment

Rapid charging not likely to
be a focus due to shorter
dwell times

« Cultivates relationships » Energy storage related
with distribution network services are likely to rise
operators to evolve the in value due to growing
market for aggregated volume of intermittent
storage services power sources (i.e.

e Partnerships with EV OEMs renewables) in the
crucial for scale building SRZHU}PL]

e High risk funding model
due to future focused
business model with

,ODQFLQJ UHVWULFWHG WR
venture capital options for
some time

EV drivers’ charging habits
may not evolve in a way to
have storage available at
the right time of the day



Home charging Destination charging Work place charging Rapid charging

i

U

e Increases power sale » Largest penetration is home » Develop a ‘sticky customer’ e Energy supplier can e Customers can become
volume by integrating an EV charging due to retail energy proposition through harness some aspects more price sensitive
charging solution customers bundling solutions RITWKH gQHWZRUN R S WlpbweYsdihpty after

 Player can leverage its retail » Destination/work place  Establishes alliances with model (i.e. load shifting) becoming EV drivers as
power customer base to charging also present providers of technology GXH}WR LWV FDSDE L O théylnbtize théir domestic
achieve scale VLIJQL,FDQW SRWH QW LaathorextHat aggregate power trading power bills increasing

» Can offer tailored EV to B2B energy supply data across the value chain
focused tariffs and bundled customer base
solutions » Rapid charging has lesser

focus due to high cost and
utilisation challenges

Source: PwC Strategy& research
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Business models along the value chain

These business models operate across a value chain that ranges from the ofacture of EV charging hardware to the
provision of data services, as shown in Exhibit 10. We have also highlightedW each of these player types can participate
in different parts of the value chain.

Exhibit 10: Electric vehicle charging value chain

Hardware Sales/ Installation Charging Maintenance Value added
manufacture retail services network services services
optimisation

32 PwC

In addition to the player types shown above, we
LGHQWL HG RWKHU PDUNHW SOD\HUV
These include:

/IRFDO JRYHUQPHQW ZKLFK XQGHU Y
schemes can actively procure charge point

hardware and installation services for street

charging. However as stated previously,

councils will likely use an ‘infrastructure as

a service’ offering from a CPO to introduce

charging infrastructure.

Electricity suppliers are also emerging either

through partnerships such as EDF Energy with
ChargePoint Services (a provider of integrated EV
FKDUJLQJ VROXWLRQV RU ZLWK LQ
as Ecotricity’s ‘Electric Highway’.

Oil and gas companies are showing increasing
LOQWHUHVW LQ (9 FKDUJLQJ DV WKH
their retail businesses. Shell’s acquisition of New

Motion (in late 2017) and BP buying Chargemaster
ERWK LOOXVWUDWH WKLVbSRLQW



KDW VKRXOG \RX GR QH[W"

'H DUH VWLOO YHU\ PXFK LQ WKH HDUO\ VWDJHV RI WKLV (9 UHYROX
HQYLURQPHQW WKDW DOORZV SHRSOH WR FKDWIR HDVLO\ DQG ZKHL
WKHLU ZD\ RI OLYLQJ ZLOO EH IXQGDPHQWDO WR FDWDO\VLQJ (9 GH
about sticking charge points in the ground

From the customer perspective, it’'s about developing a holistic value « What capabilities are needed in-house and what other partners are neede d
proposition that meets the needs of the user and delivers an experience B S T :
that encourages EV drivers to come back. From the perspective of the » How will technology and data analytics enable the business to provide

: o o : : : : AVPDUWBbVROXWLRQV"
charging operator, it’s about building a business with optionality anl « What are the funding plans for growth now and in the future?

potential to scale up.
*HWWLQJ DQVZHUV WR WKHVH TXHVWLRQV ZLIORQEH :EWIKW V

So whether you are an aspiring CPO, an investor looking to fund an operator or a PDQ\ EXVLQHVYVY PRGHOV LQ WKH PDUNHW ZIKW FKD RQHH ®LUHF
business looking to partner with a charging company, here are a few key questions winners. However, choosing the right strategy, capabilities and panerships are essential
to consider: if ‘experience anxiety’ is to be addressed. So perhaps, as in the opening adfete, the next
time that modern EV pulls into a rapid charger for 45 minutes the family gets a tailed meal
 Is there an optimal business model in place for long term success in the chosen delivered to them; there is a mobile business lounge for the parents to relar and catch up
charging segments? with emails and make calls; and there is a retail centre to take the kids shoppingith play
« What revenue streams are planned for now and in the future? DUHDV WR OHW WKHP UXQ ZLOG 1RZbZRXOGQBW WKRW EH
your EV!
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