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2017 Roadmaps

mMajor refresh of the 2008 auto council roadmaps
= The product roadmaps were industry lead

= The technology roadmaps were an industrial — academic collaboration lead by
the APC spokes

= The roadmaps cover the prime technological pathways and not highly
disruptive technologies that may arise from fundamental research!

Get your guide to future
innovation

The report delves into each vehicle sector and technology area,

offering organisations guidance on the innovation opportunities in
the automotive industry.



Passenger car, especially inner city transportation

PASSENGER CAR

DRIVERS

Emission zones Low emissions zones Ultra-low emission zones in cities Regionally regulated zero emission zones

EU tailpipe emissions Euro 6b Euro 6d Temp Euro 6d Beyond Euro 6

EU tailpipe CO2 130g/km 95g/km Further regulation Tailpipe emission legislation superceded by life cycle impact legislation
Environmental Tailpipe emissions CO2 -> NOx -> PM Well to wheel Total life cycle impact

ZERO TAILPIPE EMISSION Infrastructure

» Range extended fuel cell and fuel cell prime mover
required for

mass market Battery electric vehicle (BEV) — general purpose ’ BEV - tailore,

aCCePtanCe Red u Ced
Plug-in hybrid (PHEV) — modest range , PHEV - full utility (no?) r0|e fOF
ICE

ZERO TAILPIPE EMISSION
CAPABLE

Mild hybrid / full hybrid
LOW TAILPIPE EMISSION

Hybrid focussed thermal propulsion systems (Tt -

Connected and autonomous — level 1/2/3 Connected and autonomous — level 4/5

Reduced vehicle energy demand and smart energy management
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: o Solid bar represents >1% global marked adoption and _ A > . _ . . P 5
Driver predicted is preceded by significant product and process R&D ,’ 1 chevron = some uncertainty around timing of mass market adoption or phase out 2 chevrons = considerable uncertainty around timing of mass market adoption or phase out



Commercial vehicles, especially trans continental freight

COMMERCIAL AND OFF HIGHWAY VEHICLE

DRIVERS

Emission zones Low emissions zones Ultra-low emission zones in cities

EU HDV emissions Euro VI Improved emissions in semi-urban and rural areas transitioning to well to wheel and total life cycle targets

EU NRMM emissions Stage IV Stage V Increasingly stringent non-road mobile machinery (and ancillary) legislation

EU LDV CO2 tailpipe emissions 175g/km 147g/km Increasingly stringent CO2 limits for LDVs

LIGHT AND MEDIUM DUTY
REQUIRING ZERO Infrastructure

TAILPIPE EMISSIONS (Pl
mass market Battery electric vehicles
acceptance

I
Critcal ole

Full hybrids for ICE

ALL DUTY CYCLES Mild hybrids

Thermal propulsion systems efficiency improvements

Powertrain efficiency improvements / ancillary electrification / auxiliary power unit

Intelligent vehicle logistics — operations efficiency / connected and autonomous vehicles

Advanced highway vehicle aerodynamics / selective lightweighting

) Range extended fuel cell and fuel cell pri

2015 2020 2025 2030 2035 2040

Driver predicted S RS S S A S B S AR ” 1 chevron = some uncertainty around timing of mass market adoption or phase out 2 chevrons = considerable uncertainty around timing of mass market adoption or phase out

is preceded by significant product and process R&D




Divergence in approach between vehicle applications is
expected around 2030

TECHNOLOGY ROADMAP 2017: THERMAL PROPULSION SYSTEMS E E Roadmep developed by the Automative W automotive . ADVANCED
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IVERS : Tailpipe CO2 and air quality emission limits
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Light duty brake thermal efficiency (%) 42 % 485%

Heavy duty brake thermal efficiency (% 47 % 55;%

Coatings, thermal management and combustion systems designed for low heat loss ,
THERMAL EFFICIENCY
Flexible CR and valve control enabling cylinder deact. & deep Miller/Atkinson cycles )
Efficient combustion e.g. lean burn, HCCI, water injection

Light duty oriented

Simplified hybrid-focused power units e.g. camless engine and fuel cell

Heavy duty oriented

Intearated heat recoverv from multiple heat soiirrac

Engine tolerant to a wide range of fuels e.g. synfuels, H2, adv. fossil

)’ 4 . ......... ......... ......... ......... ......... .
; Wide pectrum afte—treatment e.. pre-turbine, ow temp, ele. assisted, alt. uel suited ; )’

) Controlled air supply supporting high efficiency combustion e.g. e-boost and multi device
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[ Manual vansmisions replaced by 10+ speed auto shift mgmt and e-clutch 3 ) Co-developed HD-focused engine and auto,no lorque convertor 3
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Fuelling

SYSTEM EFFICIENCY

Engine systems and control

Enabling drivetrain systems

DESIGN AND : DeS|gn for dlsassembly and recyclmg ) De5|gn for low life cycle lmpac( i.e.incl. embedded |mpacts

MANUFACTURING . . . . Next gen. manufacturing incl. additlve layer, metal mjectlon moulding, metal foams



Transition to zero carbon fuels will impact engine
configuration

Demand from different L

sectors for scarce resource e ‘Electro fuels’
A Tty Designed fuel

,# Efficiency will be critical

Biofuels

Some local variation
Efficiency will be
important

Recycled fuels
Large variations in
quality!



Reflections on potential disruptors to the current view

Changes in how mobility is accessed:

If you can order a car specific to your journey, do
you need long range EV’s and full hybrid?
Opportunity to customise the vehicle for the
application

Highly efficient clean ICE’s for intercity transport?

Autonomous Vehicles

- Higher ‘hotel load’ on vehicle

- May drive continued use of ICE for longer
journeys

=== Societal cost
- ET%T% - High capital spend will be required to deploy
i{m - T% .,!%mil,,?;_: - Minimising whole system costs may become
L=

very important




Reflections on future needs for road transport

m|s Euro 6d good enough?

- l.e. no more combustion research!

= Or do we need a genuine zero emissions engine?
- Lots more combustion research!

m|s the fuel flexibility of the internal combustion engine the critical attribute that
secures the future of the engine?

- Fuel tolerance at low emissions is critical

m\When the whole energy system is considered, do electrofuels become the
buffer for the powergrid and the future sustainable fuel?

Efficiency is critical



The Recuperated Split Cycle Engine — a new low

emission engine architecture

mPrecise control of the temperature at the start of
combustion is achieved through the separation
the compression and expansion processes and
air pre-heating

mHigh efficiency is achieved through reducing
compression work through isothermal
compression and intra cycle waste heat
recovery
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The APC technology roadmaps can be found at:

https://www.apcuk.co.uk/app/uploads/2018/06/roadmap-report-26-6-18.pdf

What the APC spoke is doing:

mWhite paper to put an evidence based message on the current and future
potential of low emissions engines

mDay event in London on the future of low emissions engines

m|n discussion with APC for a follow event as part of the future of technology
series

These activities are in the planning stage and we welcome

comments and your support!


https://www.apcuk.co.uk/app/uploads/2018/06/roadmap-report-26-6-18.pdf

