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accelerating the shift to low carbon vehicles and fuels
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Air quality emissions: substantial decadal reductions
UK air quality emissions 1990 - 2015
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UK GHG emissions: transport emerging as an outlier
UK GHG emissions 1990 - 2016
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EVs: increasing new vehicle market share
UK EV car market share
4.5% 4.5%
I %BEV I %PHEV —%BEV (r.avg) —%PHEV (r.avg) "=
4.0% 4.0% 2
©
3.5% 35% E
.E; (o)
X 3.0% 3.0% §
£ G
L 2.5% 25% =
(8] >
©
g 2.0% 2.0% o
Z -
S  1.5% 1.5% 8
2 £
1.0% 1.0% §
€
0.5% 05% o
0.0% 0.0%
1/1/13 1/1/14 1/1/15 1/1/16 1/1/17 1/1/18
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ULEVs: increasing new car share, offset by switch from diesel e e

New car CO2 and ULEV sales
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Charger points and locations Increase, September 2017 - 2018
20,000 M points M locations
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% increase 27% 27%
8,000
- About us Find Charge Points (&) myNewotion artners .
6,000 newmotion
EV Charging Solutions EV Charging Points Drive Electric Support
4[000 Home / Aboutus / Pressrcom / NewMotion welcomes acquisition by Shell, one of the world's leading energy providers
NewMotion welcomes acquisition by Shell, one of the world's
2,000 leading energy providers
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Press releases BP set to electrify the UK with the acquisition of Chargemaster
Source: Zap Map
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Consumer views: quite entrenched

To what extent would you say that each of the following factors/issues would act
as a barrier to you purchasing an EV? (% concerned)

JAN 2016 JUL 2017 JUN 2018
High purchase price 82% 83% 83%
Availability of public 81% 84% 80%
charging point
Lack of rapid charge . B 79%
on motorways
Time to offset higher 68% 66% 69%
purchase price vs
lower running costs
Concerns re: battery 65% 69% 68%

durability

Source: AA research. Updated July 2018
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UK policy: ambitious targets LowC

Climate Change Act
Road to Zero ULEV sales target

* Legal obligation for the UK to reduce
GHGs by 80% in 2050 compared to 1990.

100%
90%

80%

Road to Zero

70% Progress review 70%

* All new cars and vans to be effectively
zero emission by 2040

60%

50% 50%

40%

* Atleast 50%, and as many as 70%, of new
car sales and up to 40% of new van sales
to be ultra low emission by 2030

30% 30%

20%

Ultra low emission cars as a % of new car sales

10%

®* Transition to be industry and consumer =
led. Review of progress by 2025 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
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ULEV targets: the Step_change requwed e e kel sl | Triliicrics
New Car CO2 and ULEV targets
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ULEV and conventional vehicle transition — indicative trend
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Five key trends helping shape future direction

Regulation
Tailpipe & renewable content,
potentially moving to full life cycle.

Connected & autonomous
Potential transformative
technologies. Significant potential
impact on carbon emissions.

Energy system

Increased renewable energy,
system efficiency, new markets &
services.
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Air quality control
Increase in local regulation
via city access.

Mobility as a service
Transport system efficiency.
Move from ownership to
user.
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® Low emission
zones

* Tighter new
vehicle
emission
targets

®* More electric
drivetrains

® Connected
and
autonomous
vehicles

DRIVERS

Emission zones / Low emissions zones / Utra-low emission zones in cities / Regionally regulated zero emission zones
EU tailpipe emissions / Euro &b // Euro fid Temp / Euro &d / Beyond Euro &
EU tailpipe COz / 130g/km 95g/km Further regulation Tailpipe emission legislation superceded by Life cycle impact legislation

Envircnmental / Tailpipe emissions CO2 -= NCOx -= PM Well to wheel Total life cycle impact

Range extended fuel cell and fuel call prime mover

BEV — tailored for applic:

ZERQ TAILPIPE EMISSION

ZERQ TAILPIPE EMISSION

CAPAELE Plug-in hybrid (PHEV) — modest range PHEV — full utility

Mild hybrid f full hybrid
LOW TAILPIPE EMISSION

Downsized cumrent gen. TPS Mext gen. high efficiency TPS

Hybrid focussed thermal propulsion systems (TPS)

Connected and autonomous — level 17273 Connected and autonomous — level 4/5

[ECHIOOGYEREEEEE I A A

Reducad wehicle enargy demand and smart enargy management

2015 2020 2025 2030 2035 2040
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The strategy to deliver lower carbon transport energy

DRIVERS/TARGETS

Policy RED/FQD/Air Quality Security of Supply/Sustainability/Integrated Energy Policies

Targets: Vehicle CO2 / “Tailpipe” CO2 Reguirements Well to Wheel CO2 Life Cycle based Requirements
UK GHG (ref 1990) -29% -35% -50% -80%

® Increased

o ; ® Liguid Fossil
@ Liguid Fossil i " .
H L. . o . B e ) ® Biofuels (including gas)
b | e n d I n g O Indicative Energy Mix __— i el . 43 @ Electricity (Inc. Power to Gas:
® All other r ® Electricity Hz+CHa)
renewables
f | Subject to sustainable feedstock availability ‘
uels )»

Current <E5

GASOLINE Frefectlonraradie for EID 5 ) )’ E5 + ‘Drop-in’ bio-gasoline (EN228)

¢ I nt rOd U CtiO n Of E10 . Longer Term Protection

drop_in fuels Grade (if required)
DIESEL Curent <67 ,)’,,))

® Lower carbon
fuels for HDVs

Gas to Liquids and Refining
(replacing fossil Natural Gas)

® Increased
e | ECt rifi CatiO n _ Lower CarbonNG/LNG

Depending on GHG
benefit/economics

'Green’ H2

2015 2020 2025 2030 I 2040 " 2050
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The need to improve transport system integration

National Grid’s ‘Future Energy Scenarios’ (FES) estimate
that:

®* EVs could increase annual electricity demand by around
10% in 2050.

* Additional demand peak from EVs of 18GW in 2050
®* Could be reduced to 6GW with the use of smart charging.
My Electric Avenue concluded that:

® Local electricity grids would struggle when clusters of
homes have EVs (40%-70%) charging at 3.5kW.

* Reinforcing the local grid estimated to cost £2.2bn

* |ntroduction of innovative technology could avoid need
for grid reinforcement.
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®* EV sales are increasing; the increase in mostly hybrids and not pure EV’s, and EVs remain
less than 1% of the UK fleet

* Automotive policy frameworks are working - to an extent
®* Low emission and low carbon must remain vital areas of focus
®* ULEV, EV and low-carbon fuel sales will need to increase dramatically to meet targets

* The automotive, fuels, energy and infrastructure sectors need to be better aligned to

deliver targets
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