Connect Sheffield
Low Collaborate City Council

Low Carbon Vehicle Partnership Influence

Low Emission Cities Workshop

Best practice measures for increasing the take up of low pollution and carbon vehicles in cities

Wednesday, 18" November 2015, Sheffield

Welcome and opening remarks
Mark Daly, Sustainable Transport & Mobility Officer, Sheffield City Council

mark.daly@sheffield.gov.uk



Building issues

Toilets

— female just outside

— Male — turn left out of the room and follow the signs
Fire safety

— No drill expected

— The Assembly point for all staff, contractors and visitors is the Peace
Gardens in the cobbled area to the rear of the water feature adjacent to
St Pauls Parade. (out of the main doors and turn left)

Mobile Phones
— Put on silent/vibrate mode

Social media — tweet using @TheLowCVP @airawaresheft
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With a population of 551,800 in
mid-2011, the City of Sheffield is
England’s third largest metropolitan
authority.
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Compared to most other European cities,
Sheffield has more public parks and
green spaces, more tree cover, and also
boasts one third of the city being in the
Peak District National Park - the 2" most
visited national park in the world



This unigue combination already makes Sheffield the greenest city in Britain.

Sheffield has the highest household spend on outdoor equipment in the country, high
participation rates in outdoor recreation and more than 200 outdoor businesses.



Pollution was
much easier
In the old
days —

See it
Smell it
Taste it
Direct
Impacts
Cleaning it
up was
seen as a

vote
winner



Pollution today
IS more
Insidious—
Cant

« See it

« Smell it
 Taste it

« With harder
to see
direct
Impacts

e Cleaning it
up is in
some
guarters

seen as too
difficult




Challenges

* Years of neglect for AQ agenda by
successive UK Govts

« Govt funding for environment and local
authorities slashed

« Ambition on carbon reduction not high
enough



Opportunities?

Global pressure on carbon reduction
Increasing

EU fines for air quality breaches
VW emissions scandal
Funding available (if imited)

There Is a growing sense that the fossil
fuel era is ending



Best practice

Today we will hear:

a current overview of LEVs and best practice
policy measures

About the widely underused natural gas as a
transport fuel as well as experience of its use for
buses in Reading

The fuel “coming in the next 10 years” - hydrogen
The Ecostars scheme, and

Birmingham's approach as well as tackling
emissions from taxis



EV I ﬂ mOthn Supporting local

electric vehicles . i

amotion:

You are here

Power your South Yorkshire
business with -in Yeh;gh»—

grantof ¥ 00*

We're looking for 80 businesses** in the South Yorkshire area to
join our government-backed scheme to trial the leasing of a Plug-
in Vehicle of your choice with a grant of up to £10,500. If eligible,
your business will benefit from:

« Plug-in van - £10,500
« Plug-in car - £7,500

This ground-breaking scheme is strictly on a first come, first »  00:00:10 ==H

served basis so register your interest today.

*Maximum subsidy of £10,500 is based on a Plug-in van, benefitting
from a government grant. Contract and credit rates are subject to status
due to lease agreement. ~*Scheme only eligible to private and voluntary
sector businesses. Excludes public sector organisations and sole
traders.

Which electric vehicle is right
for your business?

Everything you need to know
about the scheme

Including how much your business could save
compared to running a VW BlueMotion Golf.
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Find out more

Find out more

Interested? Get in touch

About the scheme | Does my business qualify? | About us | FAQs

00:01:57 ) e———m

Your workplace
charger explained

From installation to charging
times you'll find all your
questions answered here.

Find out more

businesses by providing
subsidised charging and
vehicles as well as a
network of rapid and
fast charge points
across South Yorkshire

WWW.evinmotion.co.uk



http://www.evinmotion.co.uk/

* Please stay for lunch and use it to network

 Thanks and enjoy the day

« Mark.daly@sheffield.gov.uk
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Overview of Low Emission Vehicles
Andy Eastlake, Managing Director, Low Carbon Vehicle Partnership
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LowCVP is a unique stakeholder organisation,
our mission is to accelerate a sustainable shift
to low carbon vehicles and fuels

Government &
Public Bodies

| Collaborate on developing

low carbon vehicles and

Environmental & .‘ fuels markets.

. Fuel Manufacturers
Academia

\/I Connect
( Influence Government
| Y Collaborate policy

Low Carbon Vehicle Partnership Influence ;

. Technolo
Vehicle 5upp“er§y Connect stakeholders to

strengthen understanding
and consensus.

Operators

Automotive
Manufacturers
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What is a low emission vehicle?

= No official definition but would aim to achieve low to very low air pollution (NOx,PM) and
CO, emissions.

= Portfolio of fuel and technology options — no silver bullet!

= Alternative fuels — natural gas, LPG, hydrogen, sustainable biofuels

= Advanced powertrain technologies — battery electric (BEV), plug-in hybrids(PHEV),
hydrogen fuel cell(FCEV) - ULEVs

» [nternal combustion engines which meet latest Euro Standards (Euro 6/VI)

= Retrofit technologies — exhaust after treatment, conversions, fuel saving

Focus typically on reducing tail-pipe CO, emissions but we should consider ‘well-to-
wheel’ GHG emissions (fuel production + exhaust).

» There are multiple standards for different vehicle types
- European Emission Standards for LDV and HDVs
- EU New Car and Van CO, Regulations
- National standards for funding eligibility: Plug-in car grant <75 CO,g/km
Low Emission Bus Grant: >15% Well-to-Wheel GHG emission savings compared to a
Euro 5 diesel bus and achieve Euro VI engine standard.

=  Consistent low emission vehicle definitions and standards recommended

Low
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Availability and market projections of a
selection of technologies and fuels

Plug-in
vehicles

Hydrogen

Natural Gas/
Biomethane

2015 2020 2025 2030/35 }
Commercial readiness/number of models available
Cars
Vans
HGVs <18t - Uncertain commercial development
HGVs >18t No current availability Uncertain technology compatibility
RCVs

_ Uncertain technology compatibility
Buses [ e

Prototype/trial B Trial/Small volume B® Fully commercial

Cars >
Vans ICESs and REEVs FCEVs > 4
HGVs <18t Uncertain technology compatibility

HGVs >18t No current availability, uncertain technology compatibility

RCVs No current availability, uncertain technology compatibility
Buses _
Prototype/trial Trial/Small volume B Fully commercial
Cars No current availability
Vans _ Uncertain commercial development
HGVs <18t S

Prototype/trial I Trial/Small volume Il Fully commercial

FCEV: Fuel Cell Electric Vehicle HGV: Heavy Goods Vehicles  ICE: Internal Combustion Engine
RCV: Refuse Collection Vehicle RE-EV: Range Extended EV




A multitude of barriers preclude the near term
uptake of plug-vehicles & alternative fuels

Electric /Plug-in Higher capital cost Higher purchase cost
hybrids Uncertainty in total cost ownership Battery life
Battery life/replacement cost Range anxiety
Payload penalty for vans Lack of public refuelling
Range limitation Recharge time
Resale value Performance/reliability

Lack of availability for low emissions vans
with higher payloads

Lack of information about financial benefits
and suitability of different technologies
Lack of data on real world performance

Natural Lack of refuelling stations
gas/biomethane and Uncertainty in performance/reliability
dual fuel especially dual fuel

Supply of biomethane
Cost of infrastructure for small operators/LAs

National and local policy can facilitate reducing these barriers
and stimulate demand for low emission vehicles.

vVD Connect
ow s Collaborate

Low Carbon Vehicle Partnership Influence



Plug-in car market has increased rapidly
since 2014, incentives played a key role

Slide 6

Incentives
Plug-in car grant
75% grant towards EV
infrastructure
Zero road tax
Lower company car tax
Some free parking

LowC""
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Top ten plug-in car models purchased 2015
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Mitsubishi
Outlander
PHEV (all
variants)

Car market largest number of BEV and plug-
in hybrid models - 25 and growing

Across car segments - Small, sports, family
1st hydrogen car — Hyundai trails in fleets
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Nissan Leaf BMW i3 Renault Zoe Toyota Prius Vauxhall TeslaModelS Renault
Plug-in Ampera Kangoo ZE
Hybrid

BMW i8

NV200 (all
variants)
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The low emission van market is in its
very early stages of development

=  99% of UK vans are diesel, <1% new van sales are plug-

in/alternative fuels Thie Tipsi Ervitasim

=  Plug-in vans limited availability, mainly small van segment Van Guide
Models - 9 BEV, 1 REEV, 1 hydrogen ICE OB M

= Larger vans — LPG, natural gas/biomethane, sustainable
biodiesel (B20)

= LowCVP Low Emission Van Guide — outlines low emission
fuels and technologies, business case, incentives,
infrastructure, environmental and operational merits.

- More information LowCVP Low Emission Van Hub:

http://www.lowcvp.org.uk/lev.htm

Renault Kangoon (BEV) Mitsibushi Outlander (REEV) Autogas Conversion (LPG)


http://www.lowcvp.org.uk/lev.htm

Low emission taxis market is focused on
plug-in technology but opportunities exist for
alternative fuels

= Plug-in black taxis (BEV & REEV) recently entered the market, very low volume

= Black taxis conversions are possible - LPG and natural gas/biomethane.
Birmingham City Council LPG black taxi conversion project (Clean Vehicle
Technology Fund) — lower cost option

= Petrol hybrids been very popular with city mini-cab firms; opportunities with
PHEV

Mercedes Benz Vito Taxi Fraser Nash Metrocab Nissan e-NV200

LowC
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The low emission bus market has experienced
strong growth over the past three years, variety
of technologies in use

2761 LCEB in operation, 2% bus market.
Hydrogen

LowCVP developed Low Emission Bus |

accreditation scheme — linked to OLEV
Flywheel Hybrid LEB grant.

Opportunities to retrofit buses for NOx
Electric y abatement & fuel saving.

Biomethane

Micro-Hybrid

OEMs — ADL, Volvo, Scania, MAN, Optare, BYD LowC

Sllde 10 Low Carbon Vehicle Partnershlp



Exemplar low emission bus fleets

Transport for London

Slide 11

Largest hybrid bus fleet >1700

Biodiesel B20 (used cooking oil) >30 buses
17 battery electric buses, 1t double decker
3 plug-in hybrid bus with inductive charging
8 hydrogen fuel cell buses

Bus retrofit programme — Selective Catalytic
Reduction Technology, >90% NOx reduction

Reading Buses
= 34 gas buses run on biomethane
(more from Reading later!)

¥ .
ARV NINTES

N\t decffc

Nottingham City Council

= 45 battery electric buses

= Exploring conversion of diesel to electric
= Developing fast & standard charging

LOW
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Independent vehicle emission testing
shows very good NOx emissions
performance of Euro VI buses

Slide 12

NOx emission g/km

10.00 | 9.42 Real-world cycle NOx
9.00 ] — emissions from LowCVP
' 88% reduction Low Emission Bus
8.00 | fromgasat = jccreditation scheme
Euro V
7.00
6.00
5.00 —98% reduction
from gas Euro
4.00 Vi
3.00 N 99% NOx reduction
2.00 4 L from diesel Euro Vi
1.14
1.00
. 013 002 001 001 0.02 001
O-OO T T f— T T T T T 1

EuroV EuroV  EuroVIl EuroVIl EuroVIl EuroVIl EuroVIl EuroVI
Diesel CNG CNG Diesel Diesel Diesel Diesel Diesel

NOx emissions can be lower than the Euro VI car limits (0.08g/km) I_O‘A'ru
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Low emission truck market is in its very early
stages, fuel and technology options dependant
on vehicle duty cycle

=  City duty cycles - hybrid, battery electric, and natural/gas
biomethane (dedicated CNG/LNG trucks), sustainable biodiesel
(used cooking oil)

OEMs — Scania, Volvo, Mercedes Benz, DAF, Iveco

=  Long haul/motorway duty cycles — natural gas/biomethane
dedicated and dual fuel (LNG/CNG), sustainable biodiesel

= Very low numbers of hybrid and BEV trucks, natural gas and
dual fuel trucks — circa 500 in use

= Opportunities for retrofitting fuel saving technology
LowCVP Low Carbon Truck Accreditation Scheme

= Availability of sustainable liquid and gaseous biofuels is a key
challenge and ensuring WTW GHG emissions are lower than Mercedes Benz CNG Truck
diesel.

(DfT - Low Carbon Truck Trial http://www.gasvehiclehub.org/)

Low
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THANK YOU FOR LISTENING

Andy Eastlake — andy.eastlake@lowcvp.org.uk

Join us Connect |Collaborate| Influence
http://www.lowcvp.org.uk/

Low Emission Van Hub
http://www.lowcvp.org.uk/lev.htm

Low Emission Buses
http://www.lowcvp.org.uk/initiatives/leb/Home.htm

Slide 14 LOWCVP
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http://www.lowcvp.org.uk/
http://www.lowcvp.org.uk/lev.htm
http://www.lowcvp.org.uk/initiatives/leb/Home.htm
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Best Practice Policy Measures for the Uptake of LEVs

Dan Hayes, Project Support, Low Carbon Vehicle Partnership



Contents

* |ntroduction to Good Practice Guide
= \What is a Low Emission Vehicle?
" Topics and Measures

" The 5P’s:
1. Planning
2. Procurement
3. Provision of Infrastructure
4. Parking
5. Promotion

" |mplementation Mechanism
" Conclusions

Electric
vehicle
recharging

r point .
7Zam-6pm |
—
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Good Practice Guide for Local Authorities

Connect

Aim: To assist local authorities in introducing a
Low Collaborate

(e it R | s broad range policy measures and initiatives to
Local measures to stl.mulate th.e take up of low emission vehicles by
encourage the uptake private, business and fleet operators.
of low emission vehicles
GOOD PRACTICE GUIDE
Prparety Methodology:
"URBAN
l.m FORESIGHT Desk-based research — survey 60 LAs and 15

interviews to identify LEV related policies and
good practice and key challenges

Contents:

* National Policy Framework

*  What is a Low Emission Vehicle?

* Local Policy Measures

* Best Practice UK and Internationally

* Implementation, Challenges and Outlook

Collaboration: Transport for London, Committee on Climate Change , York City
Council, SMMT, LowCVP, Transport Scotland, Ecolane Transport Consultancy

Low
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Good Practice Guide for Local Authorities

LIGHT DUTY VEHICLES & INFRASTRUCTURE

e T 01N

NEXT 10 YEARS

ALL TECHNOLOGY/
FUEL OPTIONS

Efficient ICE Hydrogen
Battery Electric  CNG

Plug-in Hybrid Bio-methane
Hybrid LPG

LOCAL & REGIONAL GOVERNMENT

Council tax collection

Planning Air quality
‘ Licensing Energy
Education Climate change
I

Housing Economic development
Public health  Procurement

Transport

I
Unitary
County ~ PUBLIC-PRIVATE
District PARTNERSHIPS
Boroughs %

NATIONAL
FRAMEWORKS
&

EUROPEAN CASE
STUDIES

Sweden

Portugal
Netherlands Denmark
Italy Estonia

LowC"”
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Good Practice Guide for Local Authorities

Survey information collected from:

= Personal Interviews:

= 15 Local Authorities

= 3 Public-Private
Partnerships

= 4 NGOs

3 EU Organisations

= Online survey:
= 68 Local Authorities,
= 3 Passenger Transport
Executives
= 3 Local Organisations

Scottish Hydrogen Fuel Cell Association

Dundee City Council
Falkirk Council
Glasgow City Council

Phoenix Taxis

Co-Wheels

, - City of York Council
Hull City Council
Merseyravel Sheffield City Council
Stoke-on-Trent City Council

Birmingham City Council

National Health Service

Camden Gouncil

Bristol City Council = Cross River Partnership

Greenwich Council
Hackney Council
Transport for Londan
British Parking Association

Low

Low Carbon Vehicle Partnership

% Henley-on-Thames

Bath & Morth East Somerset Council



Survey: Definition of Low Emission Vehicle

No consistent definition and variability in
standards prescribed in local authority
policy documents

An alternatively  Tailpipe Low NOx/PM EURO 6 Tailpipe Other Tailpipe
fuelled vehicle emissions less vehicle petrol/diesel emissions less emissions less
than vehicle than than
50gC0O2/km 75gC0O2/km 120gCO2/km

Low Carbon Vehicle Partnership



Low Emission Vehicle - Definition

= Definitions often follow Euro Standards or CO, emissions thresholds. (OLEV’s Plug-
in car grants defines ULEV as 75g CO,/km or less).

= LEVs are not just alternative fuels and plug-ins; efficient ICEs of Euro 6 standards
can contribute to reducing average air quality.

= Air Quality: Euro 6 for passenger cars, Euro 6¢ for LDVs and Euro VI for HDVs.
=  Consideration for older vehicles: average age of vehicle is 7 years.

A consistent and coherent framework of standards should be adopted across local
authority policy areas; avoids confusion for consumers.

Targets and standards for LEVs are not static — these require regular periodic review
and updating in local policy to encourage ambition and ensure continued
introduction of cleaner vehicles.

Low

Low Carbon Vehicle Partnership



12 Topic Areas Covering 52 measures

CAR.CLUBS PROCUREMENT

ECONOMIC EDUCATION & FINANCIAL

DEVELOPMENT PILOTS & TRIALS MEASURES
& TOURISM PROMOTION




Key for Local Authorities: The 5 P’s...

Identified 5 key policy areas that will have that greatest impact
on low emission vehicle uptake:

[ [ HAY \Y
| = I.l_n‘ "
LR

1. Planning

2. Procurement
3. Provision of Infrastructure

4. Parking

5. Promotion (Education and Communication)

LowC"?
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Specify a minimum requirement for provision of LEV parking spaces and —
EV/alternative fuel infrastructure in planning conditions for new developments.

Specify creation of ‘low emissions zones’ through planning conditions.

Specify the need for ULEV ‘readiness’ in building codes e.g. require sockets in new
and renovated buildings.

Electric vehicle charge point installation designated as a permitted development
right.

Planning obligations (section 106/section 75), community infrastructure levy and
highway contributions for LEV infrastructure and car clubs.

Use Local Development Orders to secure land for LEV infrastructure.



Topic 1 - Planning O\
".l._“l
Good Practice Case Studies ‘!=l!

o 9 . . . !—7
* Royal Borough of Greenwich: Introduction of a ‘low emission zone’ in
major developments setting a minimum Euro standard for commercial vehicles.

e Barcelona: Requires 2% of new off-street parking construction must be equipped
with EV charging posts.

* York City Council: New community stadium secured funding for EV charging for e
bikes and cars.

* Swindon Borough Council: Use of local development order to speed construction of
low carbon infrastructure — hydrogen and EV.

* Vancouver: New residential constructions require electrical circuit for home EV
charging.

 Camden Council: Specifying EV car clubs in new developments and setting residents
parking controls based on tail-pipe CO2 emissions. LO C

Low Carbon Vehicle Partnership



Topic 2 - Procurement

Setting LEV Procurement Standards for Council’s own fleet

Setting LEV procurement standards for out sourced public services
e.g. logistics services, refuse collection, street cleaning, private hire firms, car clubs.

Employees that are entitled to subsidised leases are encouraged to select LEVs

New public-private partnerships to provide resources and expertise to reduce
operating costs and emissions in fleets — new business models

Good Practice Case Studies

* Dundee: ULEV procurement policy for LDV, total of 62 EV in fleet, largest in UK

* Camden: Green Fleet Procurement Policy for their own fleet and contractors,
Stockholm: Lead a joint procurement effort, 335 partners purchasing 1,250
vehicles/ year

* Transport for London: EV and infrastructure procurement frameworks and targets
for their own fleet (Ultra-Low Emission Vehicle Delivery Plan)
LowC"'"®
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Topic 3 - Infrastructure Provision

Electric vehicle drivers have access to recharging infrastructure
at reduced cost or free. Can apply to alternative fuels.
Infrastructure network is developed for ULEVs at key locations (standard/fast charging)

Grants or loans to local businesses to support installation of recharging infrastructure

Council depot or LA owned land to offer 3" party access for refuelling/charging for local
LEV fleets

Examples of Good Practice

* Bristol and Source West: Network of electric vehicle charging points

* London Borough of Camden: EV fast charging, LPG & biomethane refuelling at
depot.

* London Borough of Hackney: Rapid on-street charging infrastructure

e Birmingham City Council: Strategic Infrastructure Planning

LowC"?
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Topic 4 - Parking
LEVs permitted to use public parking facilities free or at a reduced cost.
LEV-only car parking spaces that do not include charge points.

Cost of parking permits reduced or waived for LEV owners.

Priority for parking permit applications given to LEV cars.

Allocating parking for sole use by LEV car clubs.

Good Practice Examples

* Sheffield Council: Green Parking Permits for EV, hybrid and LPG vehicles.

* Kirklees Council: Annual parking season ticket for free or discounted for LEV.
London Borough of Westminster : Free parking for EVs and discount non-council
CP

York City Council: Emissions based residential parking charges

Oslo: EV only car parks

 Amsterdam: Reduced waiting times for parking permits for EV drivers

Low(C"?
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Topic 5 - Promotion

Advisory services - Providing tools and information on the use of LEVs
e.g. Council website, leaflets

‘One-stop shop’/promotion office to access more information, advice, guidance,
permits and access cards for infrastructure.

Measures to share/access information internally and externally to a local authority —
‘stakeholder’ groups e.g. local fleets, businesses, neighbouring LAs

LEV demonstration events - offering ‘try and drive’ experiences for local businesses
and the public. Partnership with OEMs and local media.

Awareness campaigns events to promote the benefits of LEVs

Good Practice Examples

e Scottish Borders Council: EV road show.

* Camden Council: Free electric vehicle trials for businesses, created electric car
guide video, LEV event hosted by local celebrity.

* Sweden: EV car rally to increase media attention.

* Rotterdam: Electric Vehicle Centre, test drive EVs and related information.

LowC"'"
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Matrix of policy areas and relevant
departments

Department
=
2
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Planning
Procurement
Infrastructure Provision

Education and Promotion

Road Access and
Charging

Parking

Pollcy

Car Clubs

Taxis & Private Hire
Vehicles

Integration with the Wider
Transport Network

Pilots & Trials

Financial Measures

Links o Economic
Development & Tourism

CVP

e Partnership




Assessment of impact/ease of
implementation of measures in the quide

EASE OF IMPLEMENTATION

Less Challenging

Moderate

Challenging

IMPACT

High

» Discounted parking for LEVs

» Discounted residential
parking permits for LEVs

» Reduced fees for taxi and
private hire licenses

» Business support

» Educational and promotional
activities

» Information exchange

» Discounted road charges or
tolls for bridges/tunnels

» Flexible taxi licensing caps

» laxi emission standards

» Discounted and integrated
travel

» Freight consolidation
centres

» LEV-based car clubs

» Local authority trials of new
technologies and business
models

» Facilitating local
demonstration projects and
trials

» Access to bus lanes

» Access to high occupancy
vehicle lanes

» Links to economic
development and
regeneration

LowC"?
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Implementation Mechanisms

Integrating LEV
policies across
Council plans and
strategies

Identifying a
champion to
delivery LEV projects

Public-Private
Partnerships

Identify long term
Collaboration and savings/benefits —

knowledge-sharing air quality, health,
carbon, financial

LowC"?
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Concluding Messages

= Local measures can make LEVs more convenient, cost effective and
desirable.

= Wide range of policies measures that can have a big impact : The 5 P’s!
= Range of technologies and fuels will help you reduce CO, and improve AQ.
3 key messages to take away:

1. Collaboration — Internal & External

2. Communication — Shout it from the rooftops!

3. Consistency — Gives Certainty for Everyone.

Low

Low Carbon Vehicle Partnership
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Local measures to
encourage the uptake
of low emission vehicles

Prepared by

= JRBAN
Ll FORESIGHT

http://bit.ly/1levy5mT
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The Low Emission
Van Guide

cﬁ?e, Van Cost & Carbon Calculator LowC"”

0000

Battery Plug-In Hybrid Biodiesel Natural Gas / Biomethane Liquified Petroleum Gas Hydrogen

Find out about Low Emission Vans

http://www.lowcvp.org.uk/lev.htm

Your Whole Life Cost and Well-to-Wheels Carbon Savings

Compared to a Diesel Small Van

Electric Small Van g Your selections

o
A./.n,-,.
o

£11.135.310 13.4 Tonnes C0» frkan { Inner-City

Rural / B-Road:

Motorway / A-Road: 0%

Electric Baﬁery LEHSE Small Van

Driving Style: Normal

Annual Mileage:

Years Ownership: 5

£1, 763 and f 2‘ Tonnes €05 Diesel: £1.11 (z/ i)
Electrici o) I ow‘

Low Carbon Vehicle Partnership



http://www.lowcvp.org.uk/lev.htm

THANK YOU FOR LISTENING

ANY QUESTIONS?

daniel.hayes@lowcvp.org.uk

Join us Connect | Collaborate|
Influence

http://www.lowcvp.org.uk

LowC"'"
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The ECO Stars Scheme
Ann Beddoes, ECO Stars Scheme Manager, Barnsley MBC

Morag White, ECO Starts Deputy Programme Manager, TTR Ltd

———

ECO Stars Fleet

Recognition Scheme
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Background
Air Quality is increasingly a significant issue
within the UK
UK Cities are failing to meet Air Quality targets

Air Quality impacts health resulting in social
and economic conseguences

Transport is a significant contributor to poor
air quality

Stars Fleet
Fquc?ognition Scheme ;

A ——



How it Works

Fleet Composition

e Member vehicles and Fuel Management
operating practices are

Driver Skills Development
assessed

_ Vehicle Specification
* To recognise levels of & Preventative Maintenance

environmental and energy

d IT Support Systems
saving performance

: i i Performance Monitoring
* A star rating is applied & Targeting

EENERN

—

Stars Fleet
Fquc?ognitiOn Scheme
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ECO Stars Bingo

* Feedback

— What was easy to find?
— What was less easy?
— Any observations?

Stars Fleet
FE:%Ce;c?ognition Scheme

g




Thank You

Any Questions

Contact
annbeddoes@barnsley.gov.uk
morag.white@ttr-ltd.com

WWW.ecostars-uk.com

Stars Fleet
FE:%Ce;c?ognition Scheme

s




) [ Cormect Shefﬁeld
Low Collaborate City Council

Low Carbon Vehicle Partnership Influence

Low Emission Cities Workshop

Best practice measures for increasing the take up of low pollution and carbon vehicles in cities

Wednesday, 18" November 2015, Sheffield

INTRODUCING HYDROGEN VEHICLES &
INFRASTRUCTURE IN THE UK

Charles Purkess,
Business Development Manager
ITM Power plc
chp@itm-power.com



INTRODUCING H2 VEHICLES & INFRASTRUCTURE
LOW EMISSION CITIES WORKSHOP - SHEFFIELD

!’
v usy
2

r
=Tk

/

e
e L

i
)
-

3 e
.

s

T

(o) ITM POWER

Energy Storage | Clean Fuel



INTRODUCING H2 VEHICLES & INFRASTRUCTURE
LOW EMISSION CITIES WORKSHOP - SHEFFIELD

Contents

LOwW

* Introduction
Why hydrogen ?
Hydrogen Infrastructure

Low Carbon Vehicle Partnership

« Cars
Van fleets
Buses — Public Transport
* “The Road to Sustainability”

(o) ITM POWER
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ITM POWER PLC

DESIGN AND MANUFACTURE ENERGY STORAGE & CLEAN FUEL SYSTEMS

ITM Power | History

- First AIM listed fuel cell & hydrogen company “=—
« 2004 IPO | £10m | ITM.L

« 2006 Secondary | £30m

« 2012 -14 Expansion | £17m

« 2015 JCB £4.9m Strategic Investment
«  Two facilities in Sheffield | 70 staff

«  Manufacturing business model

G ) ITM POWER

Energy Storage | Clean Fuel



WHY HYDROGE

G') ITM POWER

Energy Storage | Clean Fuel
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WHY HYDROGEN FUEL? \*

The Perfect Fuel

«  Made from renewable power and water

«  Energy storage for renewable power
«  Zero carbon footprint

PEM electrolysis
(20-100°C)
Cathode + Anode

Hy ==

Anﬁdo

Membrane

H,0 — 2H" + 1,0, + 2¢° Anode
2H" + 2" —= H, Cathode

H,0 —= H,+ %0, Total Reaction

WHY HYDROGEN FUEL?

ENERGY STORAGE | CLEAN FUEL (o) I[TM POVVER

*  Energy Storage | Clean Fuel




S L
VA k‘ ENR LIQUIDE ¢ ) ITM POWER F¥ BOC
H Air Liguide IT™ Power BOC
2
- 5
Development of a national HRS plan Johnson Matthey Qo)
TOYOTA
Juhnsoe Macthey Toyota Nissin

«  Full report published April 25" 2013

Phase 2 underway m @
DAIMLER y

- Aninitial roll out of 65 refuelling stations of 80kg/day each ~ HYUNDAI

VAL E WAL
Daimder Vauakall Hyundai

*  50% electrolysis

& >
SSE e
= for Business
SSE Intelligent Encrygy Degt for Business

National Hydrogen Mobility Plans

e @ S . . | &
'&.'3 | \‘. -__ 3‘5&;;;‘; Sainsbury’s
- F— Camate Charge | MORRISONS

Dopt of Energy & Morrisons Sainsbarys
2009 2009 2011 2011 2012 2013 2013 Planned Clinsate Change

UKH,MOBILITY
ENERGY STORAGE | CLEAN FUEL

G Y ITM POWER

4 Energy Storage | Clean Fuel




CLEAN FUEL | ENERGY STORAGE | RENEWABLE HEAT

PEME Convert surplus renewable electricity into chemical energy (green hydrogen)

Wind Power

Electrolyser

+—4 L T\

Solar Power Renewable Heat

RAPID RESPONSE INTEGRATION ~
HYDROGEN ENERGY SYSTEMS (¢) LM POWER




MARKET OFFERING

Rapid Response | High Pressure | High Efficiency | MW scale

Rapid response:
High pressure:
High efficiency:
MW scale:
Compliant:

less than 2s; for primary grid balancing
up to 80bar; for direct injection

75% measured by third parties in the field
1MW modules available today

EU, USA and Asia

MARKET OFFERING
HYDROGEN ENERGY SYSTEMS

(*)

ITM POWER

Energy Storage | Clean Fuel




Wirkungsgrad bei unterschiedlicher Auslastung shlen | Fakten
der Strom zu Gas-Anlage

idhouga

Das grold

Wirkungsgrad® (%)

ITM Power’s HGas System brings together rapid
response and self-pressurising PEM electrolysis
into a fully integrated package which injects
hydrogen into the gas distribution network at

the Mainova Aktiengesellschaftsite, Frankfurt,
utilising pre-existing compliant gas mixing and

grid injection infrastructure. The plant has
undergone an extensive acceptance, compliance
and commissioning phase before going live

in December 2013. The sale was the result

of a competitive tender, based on price and
performance, and was commissioned ahead

of schedule. Capable of addressing MW scale
Power-to-Gas applications, and accommodates
fluctuating power profiles while generating hydrogen
at pressures suitable for either direct injection into
natural gas networks or via methanation processes
without additional compression.

._.14
r

I

[i

POWER-TO-GAS

ENERGY STORAGE | CLEAN FUEL (R S




RWE

ITM Power’s HGas System was delivered
to RWE within 10 weeks of receiving

the order, which was won as part of

a competitive tender. The system is

a second generation ITM Power PEM
electrolyser system using a higher current
density, permitting higher hydrogen output
per stack. The system efficiency is also
increased by simplification of the balance
of plant.

POWER-TO-GAS
ENERGY STORAGE | CLEAN FUEL

(o) ITM POWER

" Energy Storage | Clean Fuel




EMEC Y

THE EUROPEAN MARINE ENERGY CENTRE LTD

ISLAND HYDROGEN

EMEC | Orkney

- £1.8msale
*  Competitive tender
0.5MW electrolyser + storage

«  Complete hydrogen energy system
« Eliminate island grid constraints for tidal testing site
« Largest system to date

*  Many follow on projects

Full scale
tidal site

ENERGY STORAGE | CLEAN FUEL
ENERGY STORAGE | CLEAN FUEL R R AT

3 ITM POWER
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The proposed HRS network provides full coverage of major UK roads
by 2025, reaching 955 stations by 2030

Tier 1 roads

Tier 2 (2020-24) — Full
coverage of major roads

Tier 2 roads W Tier 1 M Tier 2 Tier 3

Tier 3 (2025-29) — Full
population coverage

Tier 1 (2015-19) — Major
cities and key motorways

Objective = Focus on major population = Extend close-to-home = Extend close-to-home
centres, enable long refuelling to 70% of the refuelling to the whole of the
distance travel between population, full coverage of UK, including less populated
Tier 1 regions major road network regions )

f , _-_§'
QR 2o O
fipnia
=00 g AL
SR 4 T
SR \

Number of

stations

Population 30% 70% 100%

coverage

S L]
SOURCE: UK H,Mobility Al McKinsey & Company | 10

—
UK H, Mobility

UKH,MOBILITY
ENERGY STORAGE | CLEAN

(o) ITM POWER
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Existing and Funded UK HRS

Air Products Hendon, London

Temple Mills Bus station, 4 N

AL PR Es London (buses only)

\ .
' llustrative

« 200km drivi
Air Products Hatton Cross, Heathrow ! / riving 1ange
\ / (half tank)
Baglan Energy Port Talbot e
Centre

Swindon, Honda

o manufacturing centre

BOC Aberdeen

ITM Power M1, Sheffield

ITM Power Teddlngtc?n, London (under
construction)

ITM Power Rainham, London (planned)

ITM Power London (planned)

ITM Power South East (planned) Shell

ITM Power South East (planned) Shell

Demonstration scale refuelling equipment also exists in (not shown):
= Coventry

® Birmingham

" Nottingham

= Loughborough

=  Millbrook

® Isle of Wight




M1 WIND HRS

Launched September 2015

« Located on the Advanced Manufacturing Park
* M1 Junc. 33 Rotherham

*  H2 Production 80kg/day

*  Upgraded to 350 & 700 bar spring 2016

24/7 swipe card access

REFERENCE PLANT

(+)

o ) ITM POWER

Energy Storage | Clean Fuel
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HyFive is an EU funded project which will
see hydrogen stations being deployed to
European cities as well as 100 fuel cell
vehicles from 5 OEM’s. ITM Power was
awarded three stations, all of which will
be 80kg/day refuelling at 700bar. These
stations will be deployed in London in
Q3 2015.

] L]
=1 ]

UK H, Mobility

-

HYFIVE - VEHICLE REFUELLING
ENERGY STORAGE | CLEAN FUEL (L LSRG



Py
FCH FUEL CELLS AND HYDROGEN . . Hydrogen
JOINT UNDERTAKING Mobility Europe

AIR LIQUIDE E MOBILITY elementenergy AREVA DAIMLER
5 /;,__ﬁ\
4/ B0OC k ) ITMPOWER ﬁ RKA. - | cenex HYUNDAI
A Member of The Linde Group i
m’ _ Symbio FCell

Danish Hydrogen @MWV  §f e% @

———— NISSAN HONDA
=——=Fvel OMV ., RENAULT = Power af Drsems

These activities have received funding from the European Union’s Horizon 2020 Programme through the Fuel
Cells and Hydrogen Joint Undertaking (FCH JU) under grant agreement number 671438.

H2ME - VEHICLE REFUELLING
ENERGY STORAGE | CLEAN FUEL

G Y ITM POWER

*  Energy Storage | Clean Fuel



http://www.fch.europa.eu/

ON-SITE HYDROGEN PRODUCTION _
ENERGY STORAGE | CLEAN FUEL (&) s
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REGULATIONS, CODES & STANDARDS

A leading role in shaping hydrogen deployment

+  Secretary of BCGA Technical Steering Committee 9

«  Secretary and UK Expert to ISO Technical Committee 197
« UK Expert to ISO working groups...

« ...for electrolysers, dispensers & H2 quality

*  Next Chair of BSI PVE/3/8 Design & Construction

Maintenance & Operation

Code of Practice 41: H, Fuelling Stations

ISO 19880-1: H, Fuelling Stations

c E @ ISO 22734: Electrolyser
ISO 14687: H,Quality
CE Ex

APPROVED

FM Approved

A 4
sp @ G@US S\ BSI PVE/3/8: H, Systems Standardisation
c  us LISTED 5 Production & Storage

Transport, Measurement & Use

CSA CULUS Listed ASME

COMPLIANCE
HYDROGEN ENERGY SYSTEMS

C’ ITM POWER

*  Energy Storage | Clean Fuel




@& HYUNDAI

ITM Power will supply an advanced

| 00kg/day refuelling station with ability
to dispense at both 350 and 700 bar.
The station will provide hydrogen for
Hyundai's Tucson Fuel Cell fleet and fork
lifts. Funded under the Californian CEC
programme 201 3.

ON-SITE HYDROGEN PRODUCTION ~
ENERGY STORAGE | CLEAN FUEL (&) s

ITM POWER



A

CITY OF

RIVERSIDE

ITM Power is to supply this 100kg per day
station which will be located in Riverside,
California. The station will be 33%
Renewable and Expandable. The site is
already offering existing alternative fuels so
it is exciting to be adding hydrogen to the
offering. The station will be operational in
October 2015.

ON-SITE HYDROGEN PRODUCTION
ENERGY STORAGE | CLEAN FUEL

-

(*) ITM POWER

Energy Storage | Clean Fuel



LOCAL CLEAN FUEL: THE EXPERIENCE

SEM" Return-to-Base Applications

l
Captured Defined
Fleets Cycle
london stansted B | The University of
Qamot /\/\ : ; " | Nottingham

Local Councils
& Service
Providers

| |
Distribution/ R i .
: University Local Public Local Services
n:a%n'iilgs Campus Transport & Delivery

amey

ON-SITE FUEL PRODUCTION
ITM POWER

ENERGY STORAGE | CLEAN FUEL (&) s
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HYKANGOO 5KW RANGE EXTENDER VAN

FC RANGE EXTENDER VAN ~
HYDROGEN ENERGY SYSTEMS Q) AL G Al

ITM POWER
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A number of bus projects are underway across Europe

Bolzano London Milano

n

()]

n

-

o)

o

e}

g 5 EvoBus buses 8 Wrightbus buses 2 EvoBus buses 5 Van Hool buses
@)

| Hamburg Whistler

n

()]

n

S

m

O

I

O 2 v R e a2 4 g .

2 APTS buses 2 Van Hool buses 4 EvoBus buses 20 NewfFlyer buses
Aberdeen San Remo Antwerp

3 dedicated Van Hool
projects are planned, of
which two (High V. Lo
City and HyTransit)
have already deployed
vehicles. Total of >40
buses involved. 10 Van Hool buses 5 Van Hool buses 5 Van Hool buses

elementenergy | s



FCEV BUS COMMERCIALISATION STRATEGY

Published September 2015

Coalition of stakeholders
Bus Operators
Infrastructure OEMs and hydrogen suppliers
Municipalities
Bus OEM & Technologies

Summary of Benefits

Political — the need to reduce urban emissions Fuel Cell Electric Buses -

Potential for Sustainable

Operational — most flexible zero emission technology option Public Transport in Earope

Environment — clean emissions

A Study for the Feed Cefls and Hycrogen Jant

Economic — Reduce external costs

FCH FUEL CELLS AND HYDROGEN
JOINT UNDERTAKING

SUSTAINABLE PUBLIC TRANSPORT

HYDROGEN ENERGY SYSTEMS (e) ITM POWER



http://www.fch.europa.eu/

A SUSTAINABLE FUTURE- TODAY

Fuel Cell Cars

Rapid 3-5 min refuelling

400 mile range

Full power on-demand

No disruption to normal routine - business or social
Facilitates rapid adoption

PEM Electrolyser - Green hydrogen

On-site production — no need for fuel deliveries
High purity — made from water — “Fuel cell friendly”
Utilises surplus RES for carbon free fuel
Compliant, low footprint - forecourt integration

Key enabling technology for infrastructure roll-out

Meets multiple policy goals - clean air and GHG targets

“THE ROAD TO SUSTAINABILITY”

HYDROGEN ENERGY SYSTEMS

]
-

()

ITM POWER

Energy Storage | Clean Fuel




INTRODUCING H2 VEHICLES & INFRASTRUCTURE
LOW EMISSION CITIES WORKSHOP - SHEFFIELD
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Connect Sheffield
Low Collaborate City Council

Low Carbon Vehicle Partnership Influence

Low Emission Cities Workshop

Best practice measures for increasing the take up of low pollution and carbon vehicles in cities

Wednesday, 18" November 2015, Sheffield

Low Emission Vehicle Strategy & LPG Taxi Programme
Sylvia Broadley, Green Fleet Change Manager, Birmingham CC

.'/Birminqham City Council



Context

Birmingham Green Commission is targeting 60% CO,
reduction from 1990 levels by 2027 .

* Birmingham Green Commission & Carbon Road Map
* Air quality a priority for the city- DEFRA 2020

Road transport is a major contributor to greenhouse gas emissions and
air pollution — BCC Fleet approx 944 vehicles.

* Lack of infrastructure is a key barrier to
rt— deployment of alternative vehicles which
ﬂ can achieve emissions savings and air quality

improvements.
m * Recent Blueprint strategy identified savings

q- of over 260,000 tonnes of CO, by 2035
()




Birmingham Blueprint sets out a
refuelling infrastructure strategy

Demand for low Existing Supply of low
carbon vehicles infrastructure carbon fuels

Strategy for infrastructure

Opportunities for
infrastructure Immediate actions
development

Long term
recommendations



Fuels and vehicle types in the

scope of the Blueprint

Market availability for plug-in electric and hydrogen vehicles
2015 2020 2025 2030/35 >

Commercial readiness/number of models available

i Cars E

i Vans i

i -}:|(-3.;f; -<T1 ;!t _- Uncertain commercial development
HGVs >18t  No current availability Uncertain technology compatibility

RCVs _ Uncertain technology compatibility
1

Buses | [ D e
' : g

Prototype/trial 5% Trial/Small volume B Fully commercial

! 1
\ Cars :
! 1
| Vans | ICEs and REEVs FCEVs
HGVs <18t Uncertain technology compatibility

Recommendations for
charging infrastructure and

HGVs >18t No current availability, uncertain technology compatibility

RCVs No current availability, uncertain technology compatibility :
T ! hydrogen refuelling focus on
| Buses | p : ,
L. - | _ _ the needs of light vehicles
Prototype/trial Trial/Small volume % Fully commercial

and buses



Fuels and vehicle types in the
scope of the Blueprint

Market availability for natural gas vehicles
2015 2020 2025 2030/35 >

Commercial readiness/number of models available

Cars No current availability

Vans _ Uncertain commercial development
T T T T T T ]
Hevs<ist
| ' Al
1 1
| HGVs >18t! [ ° -'
‘revs D =
1 S !
1 1
| Buses m

Prototype/trial B Trial/Small volume  I® Fully commercial

Recommendations for gas refuelling
infrastructure refuelling focus mainly on
the needs of heavy vehicles and buses

Liquid air is another
fuel considered in the
report, with the first

applications involving
refrigeration for heavy LPG is also included in the scope of the

goods vehicles report; recommendations focus on the
needs of light vehicles
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* Heavy vehicles such as buses and trucks (and some light vehicle
fleets) typically refuel in dedicated, in-depot refuelling facilities

* Inthe absence of in-depot infrastructure for depot-based fleets,
strategically placed public or shared facilities in Birmingham could
support vehicle uptake

For depot based electric vehicles (buses and light vehicles) in-depot
charging facilities are a definitive requirement

For depot-based hydrogen vehicles, in-depot refuelling is preferred in
the long term; shared refuelling in strategic locations could be
feasible in the short term

Depot based gas vehicles (buses and trucks) could also use shared

facilities in the short term

All vehicles using liquid air for refrigeration are likely to be depot
based — trials will involve in-depot refuelling



Adult & Communities 16 3 76 98
Development 8 3 15 26
Education 3 1 57 61
Fleet & Waste Management 68 147 106 57 162 542
Housing 2 83 85
Local Services 17 1 54 12
Transportation 4 2 b
Unknown 10 5 39 54
Grand Total 128 147 106 70 438 944
Key issues
. Annual Mileage
. Where Located
. Carbon reduction through downsizing,
fuel monitoring, telematics , use of Car
clubs etc..
. Demand is not met through supply-

infrastructure & OEMS seeing business
case.



Green Fleet Strategy Project scope

Operational vehicles (own flest) |

[ Record keeping, fleet

management and cost control
Funr.linq SOUrces
| Efactric Infrastructure - planning for and
barriers, deployment options
E and strategy

maturity, infrastructure

CO2, TCO performance,
operational restrictions, vehicle
requirements

Green Fleet m
Current flest descriptions (class, ]
mileages, emissions)
_{ Directorate summaries Low carbon vehicle suitability summary by vehicle class |
[,‘,. hach Ll::l:t:;lii:: proecurement
Transport services { Green fleet road map I
Phase In technology
Introducitions showing
‘emissions Impacts
_ o o

| Emissions mapping (to 2027) |




Strategy for public infrastructure —
gas vehicles

Opportunities for public gas stations
on trunk routes near Birmingham

ST
J

Walsall /
Preferred areas |

for public gas
stations to enable 7N\ |
gas vehicle use DR g, O tamren @
on routes in and ST [oeRRASME_— Centre

via Birmingham 7 :
Zones with gas
network
connection
opportunities for

CNG stations

Solihull

___________________________

N -
nr
Kilometers Hams Hall Distribution Centre

01 5 15




L)% Mapping potential vehicle uptake

& emissions savings by 2035

* Realisation of these emissions savings will depend on the
availability of low carbon electricity, hydrogen and gas

Potential fleet WTW GHG savings Percentage WTW
uptake (average (tonnes CO2e/year) | savings for Birmingham

across fleets) road transport
emissions?
Plug-in 20% 190,000 tonnes 12%
vehicles (Taxis, vans, private (based on 100%
cars, buses and renewable
small trucks) electricity)
Hydrogen 3% 48,000 3%
vehicles (Taxis, vans, private (hased on carbon
cars and busers) neutral electrolysis)
Gas 7% 26,000 tonnes 2%
vehicles (Buses, heavy
goods vehicles, (based on injected
Rrefuse collection biomethane)
vehicles)
Liquid air 45% Dependent on Dependent on
refrigerated (Refrigerated heavy applications / duty applications / duty
vehicles goods vehicles) cycles cycles

1 - Compared to a baseline case without low carbon vehicles



Requirements for successful
implementation of Green Fleets

* Encourage and contribute to uptake of low carbon vehicles

* Use planning guidance to deliver strategy recommendations for
infrastructure

* Work closely with private fleets on demonstration and
deployment activities for low carbon vehicles

 Make land available for infrastructure providers

e Streamline planning processes for renewable fuel production and
infrastructure

* Include low carbon fuels for transport into the development of
energy system strategies
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Strategic Actions required

Launch of Green fleet strategy for Council fleet & LA
strategic engagement re Buses, Taxis, HGVs, LGVs, coaches
& cars.

* Public/private sector and University collaboration to align

energy system strategies — from waste strategies to bio-
methane injected into the grid , hydrogen production and
electric for heat & power.

Low/zero carbon re-fuelling infrastructure alignment with
‘Birmingham Connected’ Transport Policy — key focus on

Green Travel Districts , enabling take up of new modes &
models of integrated green transport.

Strategic focus on funding sources getting right mix of capital
& revenue - LEP, H2020, OLEV, DFT.



BCC Developments

e Specific projects include:
e Plugin EVs - OLEV LA /Taxi/Demonstrators

e Hydrogen —H2020 NBF & bus/van project

* G@Gas - infrastructure development (LEP

funding approved for 4 feasibility studies)-
opens up options for CNG Refuse vehicles

* Hybrid — MSP mini buses-TRANSFORM

* Working with the private sector will be key
* Blueprint will be used to inform projects






OLEV-Clean Vehicle Technology Fund
80 Hackney Carriage LTI TX1 & 2 -Euro 2 & 3 (9-15
years old) diesel vehicles.

Voucher scheme- £6,150 with VAT paid by owner.
Selection Criteria — location of Air Quality hotspots -
Broad St, New St Station and Navigation St.

New Vauxhall engine/LPG - status of the vehicle ie
well-maintained, 5 years + life- no longer issues about
engine or radiator related defects & original engine.
Millbrook certification at Euro 6 (passenger & light
commercial)- impact for Taxi Licensing.

Monitoring of Emissions- LowCVP.

Conditions of grant & Feedback.

LPG infrastructure development — alignment with
Electric ‘Taxi Only’ scheme.




Connect Sheffleld
Low Collaborate City Council

Low Carbon Vehicle Partnership Influence

Low Emission Cities Workshop

Best practice measures for increasing the take up of low pollution and carbon vehicles in cities

Wednesday, 18" November 2015, Sheffield

Going Green — biomethane bus fleet
John Bickerton, Chief Engineer, Reading Buses
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Operating costs

Vehicle Pence per Avg miles | Servicin
mile between | g

breakdowns | interval

(normalised)

CNG single 13 220
deck ’
Diesel single 6 144
deck ’
Diesel double 28 - 37 100 - 132

8 wks

8 wks

8 wks

Reading i ises



Reliability

Road calls per vehicle per week

Reading i ses



Reading i ses
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Readingbuses




Fuel

The gas we buy for
our buses is carbon
neutral and comes

from an accredited,
sustainable source.

well...

i

Reading i ises







Complexity

B\ S\
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Air quality

Emissions

12

Emissions OC09 101/102; Euro 6 gas 280hp and 340hp

Emissions NOx PM co NMHC CH, NH;
gkWh  mgklWh gkWh  gkiWh g kIh ppm
Euro 6 demand 0.46 10 4 0.16 0.5 10
0C09 101 and 102 0.28 32 0.41 0.01 0.17 7.2
% of limit 61 32 10 6 34 72

B Euro 6 demand
EOC09 101 and 102

I
| g/kWh | o/kWh ppm
NMHC CH4 | NH3 |

Reading i ses
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19t May 2015, Millbrook
#projectvroom
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carbon neutral bio-methane
compressed natural gas from cows,
supplied by Gas Bus Alliance

driver’s safety frame
by Readingbuses
engineering team

Scania K270 gas engine
with ECU modification
and technical

support from Scania UK

B
v

)
: : !
live telematics and ‘.‘
remote monitoring

by Mix Telematics

eaniile risk consultancy and

cow print livery ' independent timing from
LES by Best Impressions Malcolm Pittwood and
‘ LY fitted by Numbercraft the UK Timing Association
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CNG helps us go green!

Can be carbon neutral, lower cost-per-mile, simpler vehicles
Tailpipe emissions on par with range-extended hybrids
Reliable in operation - better than diesel

Real alternative to electric vehicles, today

Needs on-site equipment (amortised capital)

More to come! Double deck OLEV bid submitted Oct 201 5‘.‘ |
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