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Introduction
ENECO

ENECO core vehicle engineering skills establishedol
Experience in fuel cells, electric and hybrid sgste
Became part of the Zetek group - now independent

Currently delivering series hybrid van and bus desti@tion
projects into UK cities.

Core vision that series hybrid technology will pie/a
major bridging technology between current Eurod an
Hydrogen fuel cell powertrains



Technology development through project partnerships...

Hybrid & fuel cell
technnology

A 4

ENECO

+
Opportunity development,
> project scoping and
management

A

+

Product development, type
approval & manufacture

A 4

+

Funding & commercial
agreements

A 4

+

— Industry & Public Sector
. Partners

Major Environmental
GMPTE Benefit Potential



Technology Overview



Technology Overview
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Technology Overview
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Technology Overview

Series Hybrid

Fuels s> Petrol ) Hydrogen fuel cell

Diesel
LPG
CNG
Biofuels

+
Exhaust After treatment

(catalyst & diesel soot & Whenready 1
ultra fines) -

(Within 2-5 years) (10 years + ??)



Technology Overview

Generic Platform Solutions

Nt 77

Generic (World class) components

l.c. Engines eg VW

Power generation eg Siemens, LEMCO
Exhaust After treatment eg Pertec

Energy Storage eg Hawker

Electric Drive eg Siemens / Enova

Hybrid Energy Flow / Control Systems eg ENECO / Enova



Technology Overview

Example Project

3.5 tonne urban delivery vehicle

1.6 Ti LPG or 1.3 TDI VW power

Zero emission capability

48Kw power generation

26x12v batteries

70mph max speed (unless restricted)
Ecostar electric drive

Auxiliary heating system

Braking & steering as original with electric drive
Load bed as original

Increased range

50% fuel consumption saving expected
Congestion charging exemption expected



Environmental Overview

Results not yet available from ENECO projects

Major improvements expected...
energy usage reduced
greenhouse gas reduction
ozone detriment reduction
respiratory & health benefits

Previous series hybrid projects yield impressisilts....



Environmental Overview
Greenhouse & Energy Benefits
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Gasses Consumption

30 to 80 % improvement reported
— depending on duty cycle

Source: ‘hybrid-electric drive heavy-duty vehiatsting project’ — NAVC — February 2000



Environmental Overview
Ozone Detriment Benefits
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Up to 60 % reduction in NOX reported
Up to 80 % reduction in HC / NMOC reported

Source: ‘hybrid-electric drive heavy-duty vehiatsting project’ — NAVC — February 2000



Environmental Overview
Respiratory & Health Benefits
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Up to 90% reduction in ‘ultra fines’ reported
Up to 90% reduction in Carbon Monoxide reported

Source: ‘hybrid-electric drive heavy-duty vehiatsting project’ — NAVC — February 2000



Environmental Overview
how to explain such potential??

Reduced power l.c. engines (typically
Euro 3-4) running at constant speed.
Typically 30 — 60% of original max
power.

Vastly reduced transient conditions
and associated inefficiencies

Reduced variance in operating
efficiency due to driving habits (can
control max acceleration etc)

time In addition — opportunity for greater
impact on local air quality through GPS
Conventional powertrain engine controlled zero emissions mode

Engine in series hybrid powertrain



Commercial & Operational Overview

For the technology to succeed — operators need to
see;

Acceptable payback of incremental capital investmen
through reduced operating costs or local / central
government ‘incentives’

Reliability equal to conventional

Warranty, service and support equal to or bettan th
conventional mainstream products

Acceptable residual values

We think this Is feasible !

This Is the route to achieve this.......



£
Premium
Cost

Per unit

Commercial & Operational Overview

‘Route to market’

A

Incremental capital cos
payback — 2 to 5 years (aftg
government assistance ??7?)

(U

No. off

>

‘Several off’- demonstration (c. £130Kk)

‘One off’- demonstration (c. £210Kk)

‘volume’ (say +20% price over standard ?7?7?)

Small scale fleet trial — c. 50 off (c. £35-38k)

(Example numbers for 3.5/ 4.5 tonne
van platform — for guidance only)



Other Stakeholder Benefits

Central / Local Government

Deliver air quality policies Manufacturers
Deliver sustainability policies Early stage funding assistance to
Practical visible initiatives demonstrate technology
Cost effective alternative to tram, ‘Green Kudos’

Product that will meet future
demand & compete with other OEM'’s

transit systems etc

Operators
Government Grants & support

‘ , Drivers, Passengers, Pedestrians
Green Kudos

. Cleaner air
Reduced exposure to congestion charges :
Y Towards a sustainable future!
& prohibited zones :
Quieter

Lower running costs :
. More comfortable-enhanced experience
Reduced operator fatigue -

Conventional fuel infrastructure




ENECO Future Strategy

Technology implementation route;

A > [nnovation
> technology demonstration

> reduced cost demonstration & experience

£ _ > small scale fleet trials > large scale fleet tria
Premium _
Cost \ > niche volume manufacture
Per unit | |
\ > OEM Integration
P>

‘volume’ (say +20% price over standard ???

Small scale fleet trial — c. 50 off

‘Several off'- demonstration

‘One off’- demonstration



ENECO Future Programmes

Appropriate applications for series hybrid techigglo

Passenger Transport: Transit: . .
Taxis General Urban Logistics & Freight

Community & Welfare Transport Retalil Distribution

Park & Ride Inner City Distribution

Urban / Sub Urban School Bus Postal Vehicles

Inner City Shuttle Routes Refrigerated Trapsport .
Sub-Urban Shuttle Routes Urban & Inner City Parks & Utility

Refuse Vehicles
Airports & Ports Vehicles
Fire

City Depot to Semi-Rural / Rural Routes

Demonstration & fleet trial partners sought !!!



Summary

Hybrid powertrain technology provides a bridge between Euro 4 and Hydrogen fuel
cell technology.

Conventional fuel infrastructure — range not compromised
Proven world class components exist - integrated with innovative control systems
Major environmental, operational and stakeholder benefits

Clear route to market via demonstration and fleet trials with proactive operators
and local government project partners

Current demonstration projects include delivery vans and buses in UK cities —
operational results during 2003

Potential project partners should contact Nigel Sta ndley on +44 1703 955220
nigel.standley@ns-associates.com



