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Introduction

 Whatis the Energy Technologies Institute and what are we trying to achieve with Heavy Duty
Vehicles (HDV)

«  Whatthe ETl is doing to deliver real world benefits in HDV fuel economy
*  Next steps for the programme
e Summary
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What IS the ETI’? ETI members
bp
_ o _ CATERPILLAR'
 The ETI is a public-private partnership between
global energy and engineering companies and .": -
the UK Government eDF li Rolls-Royce

ENERGY

Department for
Business, Energy
& Industrial Strategy

Delivering... @

e Tar velopmen monstration and de- T
-a geted development, Qe ons EPSRC NET—
risking of new technologies for affordable and Ponecrigresarh e
secure energy

* Shared risk
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UK Land HDV CO2 Emission Contributors

Industrial Machinery Material Handling

(85,832) (46,000)
8.52% 2.71%

Agricultural Machinery
(142,000)
18.45%

HGV (250,844)
46.90%

Rail (4,246)
5.39%

Bus & Coach (51,492)
8.73%

MGV (162,616)
9.29%

Source: Ricardo Project Data (DfT & NAEI Data), ETI Phase 1 Project Data, ETI Analysis.
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HDV Programme Overview

.

Marine Vessels HDVs within Buses & Coaches

programme scope

Trains
Construction Machines
Objectives

Produce
Develop new Develop new demonstration
vehicle technologies to vehicles that are
concepts support concepts 30% more

efficient
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Agricultural
Machines

Develop supply
chain to enable
meaningful
market
deployment

Why is HDV efficiency
so important?

8% of current UK
CO2 emissions are
s from HDVs

2011

Proportion is set to
increase to approx

(=}
3 - 30% as other sectors
~N reduce CO:
Limited options for low-carbon
fuel alternatives

Modelled scenarios consistently
point to HDV efficiency as
cost-effective way to reduce
emissions

Enable
substantial
reduction in
COz2emissions
across sector
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Phase 1 - Market understanding & concept engineering
2
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Q
9
L
7
>
2012-2013 2012-2014
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Phase 2 - Sub-system [ component development & verification

High Efficiency High Efficiency o
* Selective Catalytic * Continuously Variable Exploitation
Reduction (SCR) Transmission (CVT) » Project:

Performance
i Measurement
Waste Heat Driven ngi.'l-performance
Air Conditioning Engine Air System

and Prediction

Parasitic Losses Optimisation System

Lower Drivetrain ' Rolling Resistance
Reduction

) o

Waste Heat Recovery
High Efficiency Propulsig

Flettner Rotor

Approx. 6 solutions anticipated

2012-2018

Phase 3 - Technology integration vehicle
demonstration

Sub-systems & Components

- - Exploitation
Project:

Informing the

Market

Land Systems Demonstration

2014-2018 2016-2019

Demonstration

Full Scale
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QOutcomes

Components Vehicles
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Symbiotic technology
relationship enabled by

Symbiotic benefits include:

Best fuel consumption running
line

Better match between engine
and turbomachinery
characteristics (e.g. less
compressor map width needed)
Air flow better matched to
engine power and therefore
higher average exhaust
temperatures — good for SCR
Smaller speed range at KERS
connection point

No torque interrupts — good for
KERS integration

Smaller engine speed range
good for ancillary parasitics

Etc...
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Continuously Variable Transmission — An example

*  The project objective was to develop a platform
transmission technology that: & K[}

— is applicable to both on and off-highway ‘hauling’
applications; B 3,
— has high efficiency (especially in the HGV application); ﬂ '2‘@‘
— provides a positive end-user cost vs payback (based
upon fuel savings);
— has fast ratio response capability; and

— represents a low technical and market risk option to
Tier 1s, OEMs and end users.
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Continuously Variable Transmission Project

* Input coupled split path hydro-mechanical CVT ‘Cmcpumﬂﬂ

*  With 2 synchronous shifts and 1 non-synchronous power
shift in the forward range

Differential

o L
Box Train
,_____1_________________ g
a =]

e m e —————
]

« Tested peak efficiency of 94% (with scope to improve) — T
« Large ratio range capability
Variator Ratio puis
\ / \ K / o k."*..;y;!.—. ...................... 7
H N Range
v v V Transmlssmn Ratio :§ H Box
Synch hift L R4
Reverse Eorward @® Synchronous shi | T N .
@® Non-synchronous power shift _L
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To bring about a meaningful change to the fuel efficiency and &/
, ener

... GHG intensity of the UK HDV fleets gy
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< Market Pull (from right to left) |

Tier 1 and 2 Truck Regional Operators UK Fleet

Suppliers (i.e. Manufacturers Marketing (e.g. Tesco, (including
| ETI Programme I supplychain) ! 1 Organisations / ! Eddie Stobart, | legislation and |
I Modelling Test Bench Vehicle Demo | | | Dealer Networks | Road Haulage | infrastructure !
| Outputs Outputs | | 1 1 Association) 1 interaction) |
[ —— T T T T T T == T o | — | e — iy el pie el 1

e

Need to understand how
trucks are really used as
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Next Steps

Technology

*  Conclude real world use project this summer (also feeds into Market and Policy work)

« Conclude physical testing of Engine + Aftertreatment + KERS + CVT package (in mid 2018)
«  Complete testing of off-highway vehicle with the above technologies (in late 2018)

«  Perform a HGV focussed modelling exercise with AVL using AVL-CRUISE™ to integrate and
optimise the benefits of the various ETI projects, including CVT (in late 2017 / early 2018)

«  Offer outcomes and technology to Tier 1s and OEMs operating in on-highway markets

Market / Policy

* Look at VECTO and compare to real world test data and other modelling tools

« Looking at market based alternatives to VECTO (i.e. information barrier removal)
*  Future HGV in the context of the UK energy system
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« ETI has identified HDVs as a key sector in decarbonising the UK energy system (with the potential
for a paradigm shift in thinking needed) — evidence to come in Matt’s presentation

« Therefore, the ETI is running a technology development and demonstration programme to try to
improve HDV efficiency in the medium term (2025 — 2035)

*  One of the projects within this programme is the development of a CVT transmission which is
applicable to a wide range of vehicle / machine types

«  The most challenging application is line-haul HGVs; however, the ‘whole systems’ perspective has
shown potential to deliver increased efficiency

 The ETl is seeking industrial input to ensure its work with AVL is as relevant as possible and that
the technology has an on-highway route to market

« Looking to integrate medium term approach with potential scenarios 2035 — 2050 such that
infrastructure and OEM investments can be minimised
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Registered Office

Energy Technologies Institute
Holywell Building

Holywell Park

Loughborough

LE11 3Uz

- TEN YEARS
- OF INNOVATION
- 20072017

For all general enquiries
telephone the ETI on 01509
202020.

o

For more information about
the ETI visit www.eti.co.uk

™

For the latest ETI news and
announcements email
info@eti.co.uk

¥

The ETI can also be followed
on Twitter @the_ETI
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