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G;Bead— London

Circa 25% London bus market

190 routes

2,300 buses

18 garages

Infroduced first hybrid buses in London

Infroduced first electric buses in London



Leading-edge provider of Green Energy Technologies

World's largest manufacturer of rechargeable batteries and
new-energy vehicles

More than 20 years battery manufacturing experience

Over 10,000 eBuses manufactured



In the near future, BYD's roadmap to introduce a full spectrum of electrified

mini, midi, double-decker and articulated buses and BRT solutions.

8.6-metre 10.8-metre 10.2-meftre double-decker 12-metre coach

12-meftre 18-metre articulated 12-metre apron bus
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Schiermonnikoog, NL Amsterdam Airport Schiphol, NL  Eskilstuna & Angelholm, SE
6 units (Apr 2013) 35 units (Nov 2015) 2 & 5 units (Jan 2016)

London, UK | London, UK Nottingham, UK
5 units (May 2016) 51 units (Aug 2016) 13 units (Oct 2016)



SSE

30th largest company in the FTSE 100*

£14.95bn market capitalisation™®

Around 20,000 employees

UK's broadest-based energy company
- Electricity generation, transmission, distribution, supply and services
- Gas production, storage, distribution, supply and services

Ireland’s fastest-growing energy company
- Electricity generation
- Electricity and gas supply
- Street lighting maintenance

Delivered a real dividend increase every year since 1999

*As at 22 July 2014

@ sse



SSE Enterprise part of SSE PLC

Economically
Regulated

Market based
il |

) ) L Energy



SSE Enterprise delivers essential services that improve

Business energy supply |

S

Heat and power
networks

Energy solutions

Telecoms

-
® O-

‘EA IVIuIt| utility infrastructure

Mechanical and
electrical contracting

Lighting services



What’s Next?

SSE’s offer: end-to-end solutions

Solutions Technical Survey & Charging . (Green) Energy
: . s . Installation
advice design feasibility Point supply supply

Funding

Back office

SLAs

\/\/\/\/

SSE is working towards the development of end-to-end solutions, adding value to their offer to customers
(benefiting from spreading high upfront costs, equipment updates and business tax relief for leasing)

L d: .
esen To be offered in Currently offered Partnershi
the future by SSE Enterprise P




Waterloo Bus Garage, London
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Project ‘ingredients’
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« BYD battery, powertrain and chassis + ADL body
« >250 km range, 4h charging time
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Running through Ultra-Low
Emissions Zone (ULEZ)

4.3/ 5.6 km per trip

0600 to 0030 overall operation
High peak-time operation

/ million passengers per year

1 million km per year



CO, Reduction

212

fonnes per year Trees planted

5,069

yearly

*Well-to-wheel emission savings based on LowCVP and DEFRA grid electricity factors,
mileage data from Transport for London, vehicle data based on LEB test cycle in the UK
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Specifications

Type

Voltage
Max power

Max current

Cable length

AC, Mennekes, Type 2,
three-phase

400 V
40 kW x 2
126 A

3m
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Overall: Large fleet of electric buses charging

Space — no room for expansion, movement of buses not
possible when full, compact chargers needed

Power — available capacity, connection shared with
residential buildings

Time - project delivery, work needed on infrastructure



(or the lack of)




Power - How much is enough?

Peak power consumption (MW)
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OFF-PEAK

IS CHEAPER

Image source: Transport for London



Single overnight charge
40kW
Off-peak hours

No additional vehicles/
dwell time required

43 chargers for 46 buses
(5 buses run out from another
garage)




~0030 Last bus returns

0000-0700 Charging window

~0600 First bus departs

At 40 kW, typically 2-5 hours
required




Survey of existing power supply
Securing supply

Upgrade (transformers installed)
Connection

Input on expected loads




Infrastructure may be the greatest barrier but there are
solutions

Operational flexibility is key, understanding vehicle
capability

AC charging — efficient, simple and cost-effective
Established case for overnight charging as one of the

viable solutions for electrified city transportation



Thank you!
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10 NOVEMBER 2016

London
Underground:
Opportunities for
bus electrification?

Mark Poulton
Vehicle Technology Manag

EVERY JOURNEY MATTERS
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Contents

* Introduction and context
* Transport in London
* London’s challenges

* TfL's role in eLIPTIC
» Use Cases

« London Underground’s power network
* History of the LU network
 Improving energy efficiency

» Future of transport electrification
» Strategic relevance of eLIPTIC
* Energy challenge

e EVERY JOURNEY MATTERS
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Transport in London

 Transport for London (TfL) manages London’s
iIntegrated transport system

« Each weekday across Greater London, more than
30 million transport trips are made —

6.5 million journeys on
London’s buses

* 4.5 million on the
Underground

* 6 million on foot
0.6 million by bicycle
* 0.2 million by taxi

* 12 million by car &
motorcycle

e EVERY JOURNEY MATTERS
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London’s challenges: environment

» Air quality — NO, (and PM,, & PM, ;)

* Poor air quality is known to cause |
respiratory and cardiovascular conditions £

and is linked to around 9,400 premature
deaths p.a. in London

» Road transport contributes 80% of PM
and 63% of NOx emissions in London

» Target to reduce London’s CO,
emissions by 60% by 2025

» Ambition for ‘Zero Carbon’ by 2050

©

EVERY JOURNEY MATTERS
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London’s challenges: growth

* Population growth — transport capacity
« Congestion (space for more active travel)
» Road safety

London is growing by..

Today the population is

9 new residents 11 ;
every hour 44441

et s o Lo 8,600,000

every 26 minutes

2 Buosrgs z lz and by 2030, it will be
every day — Tewmmdag I
=TT 10,000,000

Tube trains ¥ 'HEE--E.-N

EVERY JOURNEY MATTERS
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Mayor’s transport priorities

* Proposals for cleaning London’s air will achieve
compliance with limits for NO, by 2025

Transport
for London

Low
emission

* Further action will be required to allow London
to become a zero-carbon city by 2050

* Encouraging the use of EVs where road
vehicles are needed is key to reducing
transport emissions

* All new venhicles should
be zero emission by
2040 in order to

achieve the 2050 goal

EVERY JOURNEY MATTERS
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TfL I1s using its influence to increase all
types of ULEVs on London’s streets

New licencing
requirements for
Zero emission
capable taxis and
Private Hire Vehicles §

An Ultra Low Emission Vehicle
Delivery Plan for London

LoCITY programme to
help the freight industry
adopt ULEVs

" Innovation
| through

i g Mayor’s Air
i/l Quality Fund

EVERY JOURNEY MATTERS
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TfL and eLIPTIC: Use Cases

» Key aim: study of the London
Underground energy system and
London bus networks

« |dentifying potential locations for
access to the power network to
charge electric buses (Pillar A)

* Other
plug-in e e A AR
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TfL and eLIPTIC: practical considerations

° Spatlal (CO_) IOcatlon 22/11,000 volt AC supply from grid sub-station
- Cost effectiveness
* Legal, regulatory & AM et 1L ®
N I |ICsetend | == __[Teminus
commercial issues ~— T | L L]

Rail Gaps Rail Gaps Switches

 Analysis of demand
patterns and available
capacity

 Suitability of bus route
conversion to plug-in vehicles

* Trial or pilot connection to
quantify impacts on LU
network

EVERY JOURNEY MATTERS
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London Underground’s power network

City & South London Railway

@ Qriginal Line 1890
@ Exiensions of 1900 .
and 1901 g FoR BaikTaN

CLAPHAH COMMEN

EVERY JOURNEY MATTERS
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London Underground’s power network

* Over 1 TWh traction energy
consumption p.a.

* Energy costs > £100m p.a.

* Transmission & distribution
charges rising

* Energy efficiency projects include
regenerative braking energy
recovery

» Understand benefits of energy
storage / load shifting

« Sourcing more low carbon,

decentralised energy ST
e EVERY JOURNEY MATTERS




King's Cross
St. Pancras

(2 LOWCVP UK E-BUS SUMMIT — 10 NOVEMBER 2016
LU traction energy efficiency
* Victoria Line: annual energy
consumption ~ 80 GWh
* Trial of inverting substation to
capture otherwise wasted
energy
11/22kV HV Switchboard connection to LU
distribution network
1 1 1 1
X X X X Inverter
Unit with
Existing é @ @ @ separate
2.5MW HV & DC
Transformer - connections | pimiico
Rectifier < & < and stand-
Units J . J , lon Vauxhall
630/750V DC ) J / : I
Switchboard )I( )I‘ )I‘ )|(

Track

Northumberland
Park Depot

Depot Approach

Seven
Sisters

Blackhorse
Road

Tottenham Walthamstow
Hale Central

Highbury &
Islingtan

e Feeders

EVERY JOURNEY MATTERS
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LU traction energy efficiency

Date

Service Delays
Energy Recovered ® Normalservice
1800 == Predicted Energy Recovered
1600
1400
1200 |
E
1T I ] . Lol ]
v
5 0 ' . | | | BN N |
]
600
400
200
0
&
Apr May ] Jul Aug Sep Oct )i Feb Mar
2015 2016

» Circa 5% traction energy recovered

* Results have validated simulation

©

Stockwell

Depot Approach

Seven
Sisters

Tottenham Walthamstow
Hale Central

Highbury &
Islington

Cloudesley Road
inverting substation

Brixton

EVERY JOURNEY MATTERS
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LU traction energy efficiency

* Almost 1 MWh per day saved
on average on one DC section

Depot Approach

 Role for energy storage?

 Possible link to surface
transport electric vehicles?

* 1 MWh = energy consumed by
4 or 5 electric buses

e EVERY JOURNEY MATTERS
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TfL and eLIPTIC: strategic relevance

» Future role of a smart HV network,
supporting London’s future energy needs

* Integration of energy storage & dynamic
energy management (DSR, V2G) @

* New value chains?

» Co-location of existing energy infrastructure
with spatial demands for future EV charging
networks

......

| o v ! L&) g T e a—
— L E 2 . X - r .-""-::.. ; S - ‘ 2 =on 3 .:_I;"-'.-. ]
e EVERY JOURNEY MATTERS
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Electrification of London’s transport: future energy needs

Mode or means of

transport

Passenger
journeys /

London Underground

London Buses

Taxis & Private Hire

Commercial fleets

Private cars

vehicles

4.5 million / day

6.5 million / day
9,000 buses

22,000 taxis
> 80,000 PHVs

1,200 — TfL fleet
> 220,000 LGVs
reg’d in London

~ 2.6 million

ENERGY Maximum
consumption* POWER
consumption
1.1 TWh ~ 250 MW
ST “\
| ~ 750 GWh | ~ 250 MW
a i
i ~ 750 GWh i Almost 10 times
I I London
| ~10GWh i_____, Underground’s
, .
i ~24TWh  #* annual traction
i I/' energy
I ~5TWh } consumption

-

* Energy consumption data for surface transport modes are estimated and provided to illustrate the broad
scale of future needs. These are based on today’s fleet and mileage, and do not account for potential future

©

changes in composition, usage etc.

EVERY JOURNEY MATTERS



For more information
contact:

Mark Poulton
Vehicle Technology Manager

markpoulton@tfl.gov.uk

e EVERY JOURNEY MATTERS



DYN@MO

Range Extended Trolley Buses in the city of
Gdynia / PL

LowCVP UK E-bus Summit, 10th November 2016

Marta Woronowicz, Mikolaj Bartlomiejczyk, PKT Gdynia
CIVITAS DYN@MO and ELIPTIC Project Coordinators

THE CIVITAS INITIATIVE IS CO-FINANCED BY

THE EUROPEAN UNION



GDYNIA PUBLIC TRANSPORT FACTS

« 250.000 inhabitants

* Length of public roads: ca. 400 km

* Length of public transport routes: ca. 250 km
* Motorization rate: 450 cars/1000 inhabitants
* Transport modes market share: 50/50 individual transport |-

and public transport: 0,4% 0,6%

» 77% of all Gdynia inhabitants live within a 5 min. walk
from a bus/trolleybus stop
* Trolleybus transport operated by PKT constitutes 26 %
of the whole public transport in Gdynia
« 93 trolleybuses run ca. 5 million vehicle kilometres a year
on 12 day lines on 90 km of traction supplied by
10 traction substations (75 trolleys in daily operation)
 only 3 trolleybus cities in Poland (Gdynia, Lublin, Tychy)

THE CIVITAS INITIATIVE IS CO-FINANCED BY

* X %
* *
CiVIiTAS ‘ '."*: THE EUROPEAN UNION
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Gdynia trolleybus depot

CAViTAS
Cleaner and better transport in cities

DYN@MO
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Roofed parking spaces and inside of the depot
— CiVIiTAS

etter transport in cities

DYN@MO
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CIVITAS DYN@MO in a nutshell o= Al
CiViTAS

ner and better transport in citi

DYN@MDO

CiViTAS GDWNA.._. = DYN@MO Project

- ey
= i,

= i SRS R T . * EU project realized within CIVITAS Il PLUS initiative
a ' : and co-financed from FP7

* Consortium of 28 partners from 2 leading cities:
Aachen (Germany), Gdynia (Poland) and and 2
learning cities: Koprivnica (Croatia) and Palma de
Mallorca (Spain)

Project objectives

CIVITAS DYN@MO * development of innovative transport systems and
Miasta aktywnie dgzgce do services
dyn@micznego rozwoju ) ] . .
séwnowazone] mobilnodc * introduction or reinforcement of ecological means of
- Wigczanie mieszkancéw w proces planowania zrGwnowazonego : transport In the partner Cltles
- Bl b i ® engaging citizens in sustainable mobility
| ® cooperation and experience exchange between the
bl B 7 ER cities
CiViTAS | | e A




CIVITAS DYN@MO TASK 1: Innovative hybrid troIIeybusesl%r”Z ﬁp
= Al
with a new type of Li-ion battery running on a new line CiViTAS

®* Purchase of 2 SOLARIS Trollino 12 M trolleybuses ﬁﬁ
with an alternative power source — a Lithium-lon //
battery in March 2015; positive off grid tests .

May 2015 has regularly been serviced by battery hybrid ?l‘" e | W
trolleybuses on an unwired extension — 2 trolleybuses i STy |
gett off the traction and go for 2 km in Gdynia central

Skwer Kosciuszki street solely on the battery

* Planned further expansion of trolleybus transport 400.000 EUR
operation into new areas wiithout the traction network —
CIVITAS DYN@MO set the ground for another EU
Project — CIVITAS ELIPTIC (Electrification of public
transport in cities basing on existing infrastructure)

* Enhancing the overall flexibility and reliability of the
trolleybus transport / setting a showcase

ELIPTIC

electrification of
public transport in cities

THE CIVITAS INITIATIVE IS CO-FINANCED BY

* X %
. o * *
CiViTAS ‘ 1*”: THE EUROPEAN UNION
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TECHNOLOGICAL INNOVATIONS IN NEW TROLLEYS &34/l

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

Modern equipment in purchased Li-lon Solaris Trollino 12M

Automatic
pantographs enabling
automatic raising and
lowering the current

collector

Asynchronic drive Alternative power supply —
with energy Lithium-lon battery
recuperation enabling regular off-traction
system operation up to 15 km

External and internal
monitoring system

CiViTAS |

Air conditioning of the whole
trolleybus space

THE CIVITAS INITIATIVE IS CO-FINANCED BY

THE EUROPEAN UNION



The battery location — at the back of the vehicle = Py

CnVnTAS

GA 8827PF

CiViTAS |
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Basic comparative data - traction batteries WQ
currently used in Gdynia =

CiVATAS

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Traction batteries used in new Solaris Trollino 12M trolleybuses

Type of the battery cell: Li-ion

Manufacturer: WAMTECHNIK

Two parallel modules 638 V

Energy capacity of 38 kWh / 27 kWh approximately available

Traction batteries used in older type of Solaris Trollino 12M trolleybuses

Type of the battery cell: Ni-Cd
Manufacturer: SAFT

2 paralel modules 100.6 V
Energy capacity of 16 kWh

10

* X %
° ° ol * THE CIVITAS INITIATIVE IS CO-FINANCED BY
CiViTAS | g

THE EUROPEAN UNION



60
50 'i{”,” @ |a 05
. /”’ . CiViTAS

40 3 s DYN@MO
¥ *
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g 30 - - - - qe‘;k
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*’E“ AR
- 50:’“ * y=0,2617%
P A g -
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needs to be : P

covered by overead .

Infrastructure to be : we.

operated battery . .

trolleybuses )
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15 20 25 30 35
Discharge level[%]




An example of Landskrona (30.000 inhb.)/ Sweden == Py
CiViTAS
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CiVATAS

Cleaner and better transport in cities

DYN@MDO
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CIVITAS DYN@MO TASK 2: i
Supercapacitor for greater energy efficiency = Al
of trolleybus system in Gdynia CiVITAS

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

« July 2013 a contract for the supercapacitor
was signed with the Polish company
MEDCOM

° installation took place in April 2014,
supercapacitor fully working now and
successfully saving energy

® reduction of electric power demand on the
network section where the supercap is
installed by 12%; supercapacitor cooperates
with the traction network and trolleybuses
equipped with recuperation braking system
(over 50% of PKT'’s fleet is equipped with it)

®* enhancing energy efficiency of trolleybuses
and existing infrastructure / setting a il
showcase d s o

* X %
° ° * * THE CIVITAS INITIATIVE IS CO-FINANCED BY
CiViTAS | i
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|

- 1
modules and resistor i
Supercap CIVITAS
IC)YN m@ M O
75.000 EUR
B
T
| | 7t
?UJHIHHHHHHH}’/’I’!/J .[L.TT[]':
i (R IATA TN
g/ .
' Ui iy

CiViTAS |



Technical data [P\
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General data

Nominal input voltage 600 V DC
Max. input current 500 A
Max. input power 400 kW/20 s.

Data of SC bank
The range of voltage 187 - 375V
during operation
Max. current 1000 A
Capacitance 104.15 F
Energy capacitance 1.56 kWh
Number of modules 15: 5 branches x 3
modules
The range of voltage 187 - 375V

during operation 16
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Basic scheme =P\
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\ MED[H1].]

ver. 15

\Ej) recycler

’\E‘U\—DC —U"\

» | B » EMC ZAS

e

1 1
K_UCM/TR1 K_UCM/TR1

J\)\ ZASILANIE DC

GWARANTOWANE

5G5 —~74— 3x400VAC
- AC
s =

0| S
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PUSTKI 3 5 STOCZNIA m |
CISOWSKIE (‘;’9 Dm GDYNIA ( ;é! )!
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Cl SOWA SKM
IBELI Lo, N
G
B o ZAJEZDNIA
S & GRABOWEK
. X
/

'Wielkopolska Substation -
Location of supercapacitor bank.
This substation was predisposed
for supercapacitor installation
due to the hilly terrain of the

F. CEGIELSKIEJ =< ’
o |l

p \\*\’//’/
o A \
vzl N X Y
B ) { {3
DABROWA // { LA
ORLOWO KLIF %,
MR e : ower supply area — there are
Y% DABROWA i
< TESCO
&7 °

more occurrences of trolleybuses
| braking and giving recuperative
o | |energy back to the traction
. | network.

T ~—| Supercapacitor  ‘catches’ this

s Modernizowane odcinki sieci trolejbusowej [
© podstacja zasilajaca zbudowana n r n r I r r
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa ™Y modernizowane istniejace podstacje trakcyjne
Projekt 1 - ZPORR. @ nowe podstacije trakcyjne

________________

°°°°°°°°°°°°°°°°°°°°°°°° O mmmeness o by other trolleybuses
[}
Gk nowa zajezdnia trolejbusowa
* X %
C i v i TAS ‘ : * THE CIVITAS INITIATIVE IS CO-FINANCED BY
*

THE EUROPEAN UNION



Results - recuperation of energy N/
in 2015 in vehicles before =P
and after SC installation CiViTAS
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B Without SC m With SC

w
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Direct presentation of the savings @Q”g E&p
CiVATAS
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CiViTAS |

20720
Development plans for the near g,/

CaVITAS
future CiViTAS

after acquisition of 2 Solaris trolleybuses with Li-lon batteries in
CIVITAS DYN@MO project, PKT purchased in 1 more Solaris with
the same battery capacity and 3 more with a double battery capacity

from nationally governed EU funds PKT has now applied for 30
vehicles with Li-lon batteries (incl. 16 articulated 18 M trolleys) and
exchange of the Ni-Cd batteries to Li-lon batteries in 21 trolleys

plans for further unwired extension of several trolleybus lines to
some new districts of Gdynia (incl. ELIPTIC studies),eg. to one of
Gdynia districts Fikakowo / winter 2017

building several charging points for e-vehicles is now considered
(incl. ELIPTIC studies); the first one to be built this year also Iin
Fikakowo, next one in Sopot / Ergo Arena Stadium

Photovoltaic panels power plant on the roof of the depot — 5000 m2 N




Thank you very much for your attention!
Marta Woronowicz

Project Manager

m.woronowicz@pktgdynia.pl

rrr o

Mikolaj Bartlomiejczyk

|
Energetics Manager %

bartlomiejczyk@pktgdynia.pl CHVHTAS

and better transport i

DYN@MO

THE CIVITAS INITIATIVE
IS CO-FINANCED BY THE
EUROPEAN UNION




Connect

Low ¢ .‘ | Collaborate

Low Carbon Vehicle Partnership Influence

UK Policy Framework and Market Development

UK eBus Summit 2016 — 10" November 2016

Holborn, London

Andy Eastlake
Managing Director, LowCVP

Low Carbon Vehicle Partnership 1



LowCVP is a unique public-private membership organisation that LOW
exists to accelerate shift to low carbon vehicles and fuels and o Cerben e pertnerne
stimulate UK business opportunities

Government &

LowCVP Working Groups
Public Bodies

Environmental

& Academia Fuel Suppliers

Low Carbon Vehicle Partnership ﬁ

Passenger cars

¢

Commercial vehicles Innovation

Fleet Technology
Operators Suppliers

Automotive
Manufacturers

Low Carbon Vehicle Partnership p)




LowC""

Low Carbon Vehicle Partnership

How the LowCVP operate

Creating communities

Building Understanding

Gathering the
stakeholders around
common challenges/

objectives

Influencing Policy

Researching the
common barriers or
opportunities, creating
common goals

Accelerate the market

Defining measurement

processes, schemes, labels,
information, incentives at Promotion, of common

individual, local, regional, policies, information,
nation (international) level | outreach to delivery partners

Low Carbon Vehicle Partnership 3
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The 4 ‘P’s — LowCVP role, creating shared solutions

Labelling, Technology reports " " '
Performance evidence, Case Identifying opportunities/ mapping
s Barriers. Identifying funding direction

Promotion

Representative test

methods, Independent Products
Assessment, Operator
engagement

Grants, Preferential access
Tax incentives
Local schemes

Policies

Low Carbon Vehicle Partnership
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How did we get here?

BUS GUIDE

Key milestones in the evolution of green bus policy in the UK
2015 2016

1996 2007-08 2009-10 2014

OLEV Low
Emission Bus
Grant Scheme

Low Carbon Bus

Green Bus Fund Technology
Roadmap

OLEV Low
Emission Bus

Creation of the Definition of a BSOG LCEB
Scheme

Millbrook ‘Low Carbon . . o
Incentive Research on Definition of a

LEB and new
accreditation
scheme

Winners

overcoming
Announced

barriers to LCEB
take-up

London Transport Emission Bus’
Bus (MLTB) Cycle (LCEB) Scottish Green
Bus Fund

20 years of collaborative development of products, performance and policy

Low Carbon Vehicle Partnership 5



: : Low
Market: Stimulation and Growth

e Low Carbon Emission Bus (LCEB) defined as producing a minimum of 30% GHG

saving on a Well-to-Wheel basis vs Euro Il diesel equivalent. @
A7400) ~ A8 Hybrid
. " e Uited 8@
e DfT’s Green Bus Fund distributed £88m to local authorities and operators across Kingdom ®®@
England to purchase 1240 Low Carbon Emission Buses (LCEBs). N o,
* Operation support through BSOG LCEB incentive: 6p/km. ) 6‘*’&‘, ®
Blaclépm Q """"" A ho.\l
» Scottish Green Bus Fund supported 269 buses with £12.9m (+£3m for round 6) | %297““ ®
. ] ] 4 cpgter m@?ﬂi,ﬂfﬁéiﬁ
e Operational success of LCEBs has led to over 4,000 LCEBs in operation today (oct, 2016). e 00
= % ) eice Peterborough Nowpch,
* 41% of new bus registrations in 2015 in the UK were LCEBs (SMMT New Bus Registrations). QL
i H . VALES 93““
* 6 unique technologies and fuels represented by 27 different models from 7 e = e ,(%%@
manufacturers. - % BN
® Soulhgfn @ \ Calais t {
PHEV, 5 Hydrogen , 10 Google Ereter (S p - m !
Electric Ancillaries,
1091 Visit the

LowCVP Low Emission Bus Portal
for more information.

Biomethane, 112 )
Hybrid , 2367

Electric, 175
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http://www.lowcvp.org.uk/initiatives/leb/Home.htm for more information.
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Growth of LCEBs in operation

LCEBs as a percentage of New Bus registrations (SMMT 2008-2016 TD)
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Low Emission Bus Scheme

* £30m Low Emission Bus Scheme created to continue the push to decarbonise
tzfsﬁgus market and target reduction in air quality emissions between 2016-

 LowCVP UK Bus (LUB) test incorporates MLTB cycle with additional rural cycle.

e Creation of Low Emission Bus definition:

e At least 15% GHG saving on a Well-to-Wheel (WTW) basis vs. a Euro V
diesel bus of equivalent passenger capacity.

e Euro VI or equivalent engine.

* Focus on short-term challenges and long-term deployment:

. ]Ic?rogprt)ional funding for WTW GHG saving (greater savings = increased
unding

» ‘Zero Emissions Capable’ range: £1,000 / km up to 30km.
* Funding available for supporting infrastructure.

Visit the
e OLEV Low Emission Bus Winners: Total of 326 buses funded LowCVP Low Emission Bus Portal
for more information on
e £7.65m for Infrastructure to support future deployment of more LEBs. sccredited LEBs.

Low Carbon Vehicle Partnership 8


http://www.lowcvp.org.uk/initiatives/leb/Home.htm for more information.

Low Emission Bus Showcase LowC
at LCV 2016

* LowCVP members provided a selection of LEBs at largest
Low Carbon Vehicle technology event in UK:

* Pure electric, dedicated biomethane, diesel hybrids,
biomethane range extender, flywheel hybrids.

ADL Enviro400H City BYD Pure Electric 10.8m Reading Buses Hybrid Optare Solo EV Scania ADL300 Torotrak Flybrid Volvo BSLH

LowCVP aspiration for 2020:
Every new bus sold to be a Low Emission Bus!

Low Carbon Vehicle Partnership 9
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LowCVP Low Emission Bus Guide

* Low Emission Bus Guide created to assist bus fleet operators and local LowC'™” "
authorities procure clean and green buses. LOW EMISSION

* The LEB Guide: SheaklE

* Set out the business, environmental and operational case for using low emission
buses including OEM products and retrofit equipment.

* To provide greater depth of understanding about the availability of low emission bus
technologies and associated infrastructure, and to identify the operational context to
which they are best suited.

* To provide case studies of real world experience of operators of LEBs.

* LEB Guide was launched at European Bus Expo 1-37 November at NEC, ®
Birmingham. Interactive pdf available for free download from LEB Portal.

* Dissemination workshops and webinars in 2017 for local authorities and
operators.

Low Carbon Vehicle Partnership 10



http://www.lowcvp.org.uk/assets/reports/LowCVP LEB Guide 2016 interactive V2.pdf
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Key LowCVP Events and Publications

e UK eLIPTIC e-Bus Summit: LowCVP ‘A Green Bus for Every Journey’ Launch
e 10™ November / DoubleTree by Hilton West End, London

Low

Law Carban Vehicle Purtnership

. . : : The Journey of
Zero Emission Bus Conference: LowCVP chaired session the Green Bus

» 30t November &1t December / City Hall, London Arevhtion e rmduson f rcene

on climate and air quality objectives

e Low Carbon Britain: Low carbon and low emission vehicle policy development
e 15t December, Institution for Civil Engineers.

| |
LowCVP Bus Working Group meeting M' Ii . ‘

e 12t January, London

UK Bus Summit 2017: LowCVP ‘Any Journey by Green Bus’ Launch ! L

* 9th February 2017 / QEIll Conference Centre, London

Visit the
* LowCVP Low Emission Bus Workshops 2017: Operators and Local Authorities LowCVP Low Emission Bus Portal
* Manchester in early 2017, others tbc later in 2017 to download reports.
[ LowCVP Events: http://www.lowcvp.org.uk/events.htm }

Low Carbon Vehicle Partnership 11



http://www.lowcvp.org.uk/events.htm
http://www.lowcvp.org.uk/initiatives/leb/Home.htm for more information.

LowC

Summary of success through collaboration
* Two decades of development to truly make the shift to a lower carbon and
lower emission bus market, illustrating LowCVP membership benefits: Product
* Long-term collaboration to develop low carbon products
Proof
* Developed world renowned evidence-based testing regimes.
Policies

Influenced policies which support growth of low carbon market in UK.

Promoted range and benefits of low carbon products to wider < ,
_ Promotion
audiences.

Passenger Car

Working Group - - |
(a) (a

Innovation Working Fuels Working
Group

8 ) O =
II LEa@E]
~ ~
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Efficient mobility, lower carbon, cleaner air
Creating the platform for robust support of low emission and fuel efficient technologies

A Connect: With privileged access to information,
you’ll gain insight into low carbon vehicle policy
development and into the policy process.

Q Collaborate: You'll benefit from many
opportunities to work —and network - with key
UK and EU government, industry, NGO and other
stakeholders

O Influence: You’ll be able to initiate proposals and
help to shape future low carbon vehicle policy,
programmes and regulations

k\\
\
i\

N
W

W ve

i\

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

LowCVP is a partnership organisation with over 180 members with a
@aeastlake, @TheLowCVP

stake in the low carbon road transport agenda.
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A Green Bus for Every Journey

UK eBus Summit 2016 — 10" November 2016

Holborn, London

Mark Munday

Technical Director, FirstGroup

15/11/2016 Low Carbon Vehicle Partnership
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sAberdeen

Stirling
.
Glasgowe * .
o I Falkirk Edinburgh
.
Galashiels
Belfaste
eYork
Bradforde | oads
Dubline Manchestere
*Sheffield
*Stoke-on-Trent
Birminghame e Leicester *Norwich
Worcestere
elpswich
»Colchester
*Chelmsford
Bristol ° sBasildon
Weston-super-Mare ¢ ® o gy, Slough
Tauntone
Southamptone ¢portsmouth
*Weymouth
*Plymouth

Truro e

2.4 billion passengers per year
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Greener Journeys

gyeener

make the sw:tch to bus and coach
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The Journey of the Green Bus LowC oo

Low

Lo Carban Vishicls Purtnarship

The Journey of
the Green Bus Published Feb 2016 at the UK Bus Summit 2016

e b o Ut e g e Download LowCVP Low Emission Bus portal or LowCVP website
http://www.lowcvp.org.uk/initiatives/leb/Publications.htm

Mi Ii 1

-&

= 2007 = 2009 1=
First ethanol Greener journeys, compaign to promote

First fuel cell bus enters
sendce inlondon

Development of the first

hybid bus begins modal switch e buses founded

powered bus in UK

15/11/2016 Low Carbon Vehicle Partnership


http://www.lowcvp.org.uk/initiatives/leb/Publications.htm

Connect

Low

A Green Bus For Every Journey L i | iiere
Published today at the UK eBus Summit 2016
For Every Journey
v e Download LowCVP Low Emission Bus portal

use throughout the UK

http://www.lowcvp.org.uk/initiatives/leb/Publications.htm

15/11/2016 Low Carbon Vehicle Partnership
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A Green Bus For Every Journey

Connect
Collaborate
Influence

Low Carbon Vehicle Partnership

st seport, " The Jaumey of the Groon fuf

xphinecd how manubicaren and polcy makers have
smuaned 3 revoksson in bus techrology by encasagng
the developement of claaner ta.aes over the last 20 year

Hara in A Groan Bus fr Fvery journay’, wa show how the
It buses amgloying a range of ks bom biodkesel and
blomethana, $rough awide spactrum of hybrid opsions
10 ful buttay slecric and hycrogan el call, have boan
embracod by opamtors acoas the UK and are bagening
10 transdon tha sactor, W sm 1o demonsrae how the
combinad and contnuing aflons of ndry govemment

and operston can delver Svings I Ll emisions and
money whils dramatically red.ong B e sormerts
mpecy of tes emeresd and eficert mode of tapon
W arg, howevix, only partway slong the ournay 1 hily
docarboning and dasnng the UK's vl bus secxx
Succashyl nep hove baon ten, 2 B 1eport thaws,
Bt thare 13 meat bor contiruing francasl sppon fom
Govarnment 1o progresswith chnalogy advarcamenss,
nduding facal ncaraves such as the rflerenl B
Sowvice Oparator! Grare (BSOG) 1o contirus o halp e
Busnes e for Operatng low emimion tus.

w ww LowC W o8 g BE

|
EECT T TIgorc

for a cleaner greener city
|

mora, drven by strong Govarnment|
policy. Manufachsars, bus opestors
d fusl uppiians are ambraong
e chorg awars that o mairtan
hair vabity busos must bo amorgst
the demnas ard most Groonaffcant
wehicies on the road. Almost 4,000
Low Carbon Emission Buses ICER)are
row cperaing acoss the UK, with 40% of
s 30 1 2015 meetrg the low carbon
eguemert. Thess buses e sved over
55,000 tornes of geerhauss g amimons.
FGHG) por arrum comred with the squnakart
b of orwentiordd el busas

UK Govarnment fnding and policy has been
ot ch strtng e maries for low carbon
evemon busen, 10 heip manudschsers get ot of

e bow production/ gh oot comundnm, and more
Srough protcypevebicia 1o damoratrions, Yok and
wimatoly 4l commercisl operation. Mo recently the
Lo i mamon s Grant han prowecdad hrding 0 3
mamte of bus cperaton or both low amiion tuss
rd mhaing/ wchargrg réatratae

I spporeng poloes, Government has dentfiad ar
Quaitny damuge coats 16 reflect e economic o 1
ety o Shcrart 4 pod e et T Mot on
Purron hasith and the erveorment. The kay pollutares
o sl banen (and 3 combustion vehiclis) are oxids
of revogen INOxj and particutite matter PM). Around
(8 milcn r demage cot svings have been achioved
Srough e low Crbon emision buss I puraion 1 duta

Contents

Impressive progmess Is being made
and the supportof all parties must
transform the market and achieve
bus in 2020 will be a low emission
“a Green Bus for Every Joumey™.

utions are
uses aaoss the UK

Introduction
Paving the way to zero emission-copable buses
Innovation in technalogles to improve fuel consumption in buses

Reducing the carbon footprint of buses using renewable fuels

15/11/2016

Low emission buses — a vision for the future

that o truly isA Groan Bus for Ercey Journay -
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A ot of background work was required bala

Amiva operates eight Wrightbus Streetlite electric
buses as part of a mufti-stiakeholder project to
demonsirate the UK's first all-eleciric route and this

| was the first UK application of inductive charging.

United
Kin@dom

The driver’s view of electric
buses in Milton Keynes

The drvacs 3 Amva Mkon 53y ¥hce eh Slosc bumes 20 quicssr
and smocehas, and shar the

Lacation of alect ic bumay in tha LK

WWW. LOWC VP.OR G UK

‘g braking,
e v b 10 have thelr bk ks rapiacad sinco oy war
inerockucod 2 e dapoe Over o and 3 iy 200.
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A Green Bus For Every Journey

Plug-in Hybrid Buses

There are five plug-in hybrid buses operating in the UK, located in
London and Bristol. These plug-in hybrid buses are in the early stoges
of commercialisation and are presently involved in demonstration trials.

cperation ow

cumantly opasting
fully cdactric cperton

2onas. Marubcturors

2oneswherothe b

signficant
e tha zero emizzion ban

o

poor i qualty and which bava

n conarok

whenthe angina is cpesating

i
Unitad
A < Kimgdem

AN

- P8 -
Iralane

2 Lecation of plag o ybric buses in the UK

WWW._LOWC VP.OR G UK

Virtual Electric
buses in Bristol

First West of England operates two ADL Virtual Electric piug+n buses
amongst arange of low carbon emission bus technologies.

heVitual Elecric pug b buses

e veary xperaia s thay
2 peotolype vahices, desgnad
o be chargad using inducthve
charging nizstructe. The Vil
Eloctric buses, and scoompanying
niagucrg wasa iunded by the
Dcpartmart for Transpart which
wantad 3 locition 1o ril plug-n
Fytirids cutsida of London

Tha buses went into srvica i
Docember 2015 and 2 used on
e 72" route which runs $heough
Brzol’s ar qualty mansgomant .
Tha phagin tybrid busas ncorposta

gacfancing, swiching tha powartrain
10 pusa slectric mada sutomaticlly
a5 soon s the bus antarsan st qually
maragamernt araa. n ol the buses
produce 200 Sipos amissons
around BOK of tha time.

Tha busas 3 chergad 2t sn nductve
charging plate a2 tha Lnker=ty of the
Wzt of Engand whare the tus route
torminates. Tha undarground plse
gves 20 mikes of manga fom sven
minutes of anging. The buss
akb ba fully chargad n 45 mnuks va
a &t charging aysiom.

First West of England
also has three Nissan
LEAF pure electric cars
at its depot in Bristol to
transport drivers at
shift changes from the
hospital batk to the
depot, one mile away.
The electric cars have
replaced travel by bus,
resuking in savingsin
fueland emissions.

Virtual Electric buses -
the view from the driver

Drivars say thae tha ¥inual Elecric busas e excaliont
0 diriv; 1085 OF rorgus means that they have good

15/11/2016
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Hydrogen Fuel Cell Buses

There are currently 18 hydrogen fuel cell buses running in London
and Aberdeen, supplied by WrightBus and Belgian coach and
bus manufacturer Van Hool.

Eﬁfope’s largest
fleet of hydrogen
fuel cell buses

London’s hydrogen
fuel cell buses

rvesmert, comprisad of £1m finding
(raf from tha Eland s
innovate UK,
th hydrogen

er Transit, on behaif of TiL, runs eight Wrightbus hydrogen fuel cell buses
on the RV route in centraf London which links Tower Gateway Staion and
Covent Garden. Each busis in operation between 16 and 18 hours per day,
and covers a daily distance of 200km.
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A Location of hybvid b i the UK

15/11/2016 Low Carbon Vehicle Partnership




Connect
Collaborate

A G re e n B u S FO r Eve ry J O u r n ey Low Carbon Vehiclé Pa;tnership Influence

Tharesults of tha
comptition play
= mags part n the

Electrified Ancillaries

Efficient diesel buses fitted with electrified ancillaries.

Electrified ancillary buses
deliver payback within
elade T two years for the Go-Ahead

Buses battle it out Sloesgasmesticn Oxford Bus Company

aimaz 1,800 now buses.

such as Wrightbus,
on the test track ADL and Optare were
most recently trialled in
August 2016, keading
2 Bus hokis a compantion Vichicles are tasted on 3 course that s
F;l.“:boct.r"mr-g Ground desigred io reflact 3 varky of sl to hopes thata further
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achievedin 2017.

Smart Accessories
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Arriva Runcorn

biomethane buses are
24% more cost-effective

compared to similar
diesel buses
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Providing bus
companies witha
biomethane solution

o i pbacafor al ypos of opercr
roquirements -25 wal s dwveloping dficrant francs

ik

amizsion: v
ork on thioe lvais:

wyarast
o oquivalont amaunt

cheaper than dhasal.

Scania points to the success of long-
term low carbon transport policies
and technology sokutions in Sweden,

| powertmins and driver taining

- Smarterwanport - efficient logs¥cs,
= prom cors o publictensport

Repladngthe fossil energy Inthe system,
mgardiessofencnyy form ek ctdcty, gos
or biquid pucls) with renewables.

(%)

and e in Sci i ia.ACO,
tax has been imposed on ol forms
of energy, leading to a phase-out of
fossil fuelenergy Sources in transport
and all other seCtors. As a result,
more than 70 % of the bus network is
now operating on renewable fuels.
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Biodiesel Buses ' o aw

Blodiesel is a renewable alternative to standard diesel. -
f in Dundoa a B30
bland Fas been usad in
unlimjg,

Stagecoach
operates over 4,500
buses on biodiesel
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Low emission
buses- a vision
for the future
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A Green Bus For Every Journey ~ =OWG& | o

15/11/2016 Low Carbon Vehicle Partnership



UK eBUS Summit
Low Carbon Vehicle Partnership

10 November 2016

Electric Buses In London

Colin Gerald
Bus Engineering Manager
Transport for London, London Buses




Electric Bus Trials

» Electric bus fleet: 17 single deck buses (BYD, Optare
Metrocity, Irizar). Five BYD pure electric double decks
and 51 ADL/BYD pure electric single deck buses from
Autumn 2016.

* Primary focus on EV performance (battery
management, drive train, duty cycles, charging
strategies) other areas of interest, build quality,
production methods and weight saving strategies
(lighter seating, alloy wheels) driver and engineering
feedback

« Operational in service experience to date: Batteries,
charging technology and drive train continue to be
reliable with good performance

* Four routes, and four different vehicle types
employing different charging strategies, further addlng
to our operational experience, and knowledge.

« Charging infrastructure

« To date we have received no negative feedback from
passengers.

EV Battery Performance Data Loggers on five buses

to further assist with real world conditions 5
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Electric Bus Trials

» Measure bus performance in real world
conditions

» Understand scalability and wider use of
electric buses on other routes, and full
electrification of routes

» Understand scalability and wider use of
wireless charging solutions on other
routes

* The necessary tools to inform strategy
going forward, procurement
methodology, and framework
agreements

Sustainability




The first two BYD buses went
Into service on route 507 and
521 - December 2013.

Four Optare Metrocity buses
entered service on route H98 -
May 2014.

Two Optare Metrocity vehicles
entered service on route 312
with Arriva in December 2014. A
further seven Optare Metrocity
buses went into service Sept
2015.

Two Irizar i2e buses entered
service on route 507/521 with Go g
Ahead during August 2015. s e G

New E200 entered service on
routes 507/521 — July 2016, a
total of 51 buses will be in

service by the end 2016.




Performance Data

5 kwwh/rnmi 5000 mMmi

4 kKWW h/mi 4000 mi

2 kWh/mi 2000 mi

2 kvWh/mi 2000 mi
- IIII II I II -
m II I o
\"‘:?3 ,_—\,t)

O KkVWWh/rmi
Cjefe o

BYD 1472 - Consumption overallll BYD 1472 - Distance
BYD 1473 - Consumption overalllll BYD 1473 - Distance
EMC 1 - Consum ption overall B EMC 1 - Distance
EMC 2 - Consum ption overall B EMC 2 - Distance
OCE 1 - Consumption overall Il OCE 1 - Distance
OCE 3 - Consum ption overall [l OCE 3 - Distance

From To Period: 3 days

10/31/2016 00-:00 11/03/2016 00:00 < hour day > (o]

200 %

160 %

120 %

P AAS
40 %

0%

31.Oct 06:00 12:00 18:00 1. Nov 0600 12:00 18:00 2. Nov 06:00 12:00 18:00 3. Nov




ZeEUS Project - Wireless CharglngBus Tlrlals
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ZeEUS Monthly Report

Summarising the key results from TRL's
analysis of London demonstrations of
inductively charged electric buses.

BY VEHICLE

SNB5 ZG0O  SNE5 ZGP  SN65 7GR

Total Distance

roel o 812 2395 1534
Pomeriwy 98 99 98

99, 29« of time spent in Geo-Fenced areas*, the buses

were running in EV mode. *end of route bus statons

NOTES
= Overall 25% of the total bus data had driver |D associated:
Mo driver ID for bus 2.

= There were approximately 757 layover stops during the month
for all three buses. Only 31% of the layover stops had a charge
event (242 charge events across all three buses)

= There was no overnight plugin charging. Both wireless
chargers were operational.

OVERVIEW

OPERATIOMAL
Hybrid
Hybrid 43«
A 4187
cy miles
EV
TOTAL 5 6u 574

23714 wn®0un Ml 1965.

WIRELESS CHARGING =
I
*Per Charge Event [Average)
OVERALL 3714 vwn
CHARGE TIME* 9.7 2 mins
ENERGY TRANSFER* 16.01 «wwn
WALTHAMSTOW 2456 wwn
CHARGE TIME* 10.16 mins
ENERGY TRANSFER* 15.74 vwn
CANNING TOWN 994 wwn
CHARGE TIME* 11.45 mins
ENERGY TRANSFER* 16.30 wwn

Walthamstow IPT charger appears to be much more
heavily used, with approximately 147% more energy

CONSUMPTION Per Mile

EV 2.40 kKWh
HYBRID  &.10kwn
(0.81 1)
comBINED 4.93 wwn
REF* 10.0 KWh
(1.00 1)

*Ref bus [Euro IV with CRT)
DRIVER EFFECT

99 —| 33 — 15| —
« ml

ozs [

83 —— 3235 —— Q75 ——

Total EV Hybird

KW kWh/mile L/mile

BATTERY STATUS
Average state of charge

PRE

CHARGE . 26
POST aa
CHARGE - =

DAY
- B 26

delivered to buses during the month than DAY . 26
Canning Town. END s
Transport i I"-
9 for Londamn ?EJ—




Charging Infrastructure

« Operators bid for the entire cost of running a
route — includes charging infrastructure

* Opportunity charging during the day —
optimising range/cost/weight vs charging
infrastructure — route dependant

» Power supply upgrades required

« Smart charging to manage overnight
charging power demands, charge vehicles
dependent on SOC and run out

« Space and safety requirements in some
garages may mean over-head gantries,
pantograph,

« Potential to connect to high voltage London
Underground network at certain locations




Regulatory Framework

Enhanced TfL Bus Standards (facilitate new and emerging
technologies)

Planning consent
Distribution Network Operator (DNO) Compliance,
Installation standards (Harmonics)

DNO capacity/upgrades & timescales long lead times,
confirmed orders, no speculative upgrades

EMC and EMF standards to meet rail standards , when
adjacent to existing rail infrastructure




Standardisation

» Develop bus specification documents

« Common Standards

* Future proofing charging infrastructure

» Develop policy documents

 Interoperability to move buses around the network

* Energy supplier

» Develop standard framework agreements




Nottingham Electric Bus
Project

Progress and Plans

Steve Cornes
Electric Bus Project Manager
Nottingham City Council

=¥ Nottingham
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£::=8 City Council
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Nottingham: Background

« 1M within travel to work area
 (0.5m conurbation residents
« 300k within city boundary

 Regional Centre
« Unitary authority

— Public Transport and Highways

* Pro-public transport
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City of Nottmgham
Unitary Authority

- Local transport authority

- Strategic and local planning authority
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Nottinghamshire
County Council

- Strategic planning authority
- Local transport authority

City Council
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Nottingham Public Transport

* Deregulated market

e Commercial Bus Services 90% of
departures

« Contracted Bus Services (10 %)

« Socially necessary and strategic
contracts

« Locallink network - a network of routes o & 2o
to workplaces, health and education . [
sites and district centres, with seven s
million trips a year ;

 Tram - 3 lines, cross-city services

ol ¥ Nottlngham -

=8 City Council



The Council role

« Statutory Concessionary
travel scheme (£9m)

 Provision of contract bus
services (£2.8m p.a.)

« City Centre SQPS Schemeks#f «
since 2010
* Robin Hood Multi-operator

season ticket: Admin,
auditing, publicity costs

" Nottingham

City Council

e T —

e



Electric buses

 Why electric?
e Cost savings
- NCC Fleet ownership
- DfT GBF Grant + WPL
- Capital rich/revenue poor
- BSOG removal
- LCEB incentive
 CO, & NOx reductions
* Fuel security

« Wider policy
« Council strengths
- energy supply

- Property

\Oca\\\nx‘ ¥
' \ectnc ,_

cowwns o
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Business Case Per Electric Bus

Capital cost difference

Grant
Apportioned spare

Additional 8 yr warranty

Maintenance diff

—ue
:)ay
Day

savings (min)
pack (grant)

pack (no grant)

£105k
(E85K)
£40k

£12k

£0k (-40%)
£18k

4 years
8.7 years

=¥ Nottingham

=== City Council




Electric Bus Network

Implementation stages

* Charging network development

* Trickle charge/overnight base
* Fast chargers

Contracted Services

* Centrelink — high f /small bus
* Localinks — low f /small

* Medilink — high f /small

* Localinks — high f /small

* Citylinks — high f /large

Bus no.

A4




- Electric bus

network

GEDLING

T ABTY o
RISE PARK
= b e v
BULWELL S S
e - = (e QL
— Sreesan
=]
ol Poad
HEMPSHILL
e irtaren
Magrat Vel Phesi,
CINDERHILL
TRELLEY Bar Lana. (==
v -
ASPLEYM.W.MI
e NPPERLEY
ROXTOM e
. BE ; troatiad B
Focamy
o = f—
3 [ Posd CARLTON
BILECH! [ . =
e Dty ST. ANN'S
= 2
=] GREEN NETHERFIELD
oz BAKERSFIELD
Gttt
3
= BEECHDALE
o] Lo 1), SRy —
Nncrcasgn P
S, e
B Triusrgsh Fcad.
Zm
oo ]
a o
= e - -
= ENTON
P N |
s o
Ay Part [e——
S— e Biogiont
WILFORD
WEST
WWitord
[ ranribs Lo BRIDGFORD
/ Garmmton Morrisons
5
=1 AREA
CHILWELL / (=
T SILVERDALE EDWALTON
Foad |
. Tt
2y L ﬁ'E
e Lars o
Key Loworioroan Fost
M T e CLIFTOM o i
%, s
T _
& E i L e o Lo R
- cinplnks T (6 0 alecuric 2014) L =
] [y RAUDDINGTOM
— st (0 0 et SO B0
RN ———
— ek ik W s eh
LTI cumrviralnk sleciric

Mersion 10,0 ©2005 Nottingharm City Council

£ vagscs Park

v




Electric Bus Network: Progress

« £15.1m project
* Phase 1l &2
- 8 vehicles

 Phase 3 May 2014

- 20 buses
 Phase 4 Feb 2015

- 17 Buses delivered
 Phase 5 Sept 2016

- Infrastructure in

- 13 vehicles delivered

- Fully operational Jan 2017
« Phase 6 2017-18

- City-wide fast charger network planned

¥ Nottingham

{ :+_ )
%-E:?;&Q City Council

T e



Feedback: Project

Charging issues o Ll f
« Fast charging paee - BT
* Ind. operational base —————
» Fast charger network " '
- Temperature! h W
Vehicles
 Timetables/driver rotas
e Driver variation
 Battery range

* Reliability
 Development

e

ﬂ%—. Nottingham
A .
£.<:=24 City Council

G




Feedback: Vehicles

Performance

3 kWh/mi
2.5 kWh/mi

2 kWh/mi

1.5 kWh/mi
1 kWh/mi
0.5 kWh/mi I I I I I I I
0 kWh/mi
N N '

A 3 >

Il 982 - Consumption driving lll 988 - Consumption driving
[l 989 - Consumption driving Il YD63 VAA - Consumption driving
I YD63 VBK - Consumption driving



Feedback: Vehicles

Energy consumption and cost

Vehicle |Fuel unit cost £ |Distance Miles | L or kWh/Mile |E/mile |Grant/mile |Cost/mile|Saving/mile £
Diesel* 0.89 1 0.5 0.45 0.175 0.27 -

Solo EV 0.12 1 1 0.12 0.09 0.03 0.24
BYD 0.12 1 1.65 0.20 0.09 0.11 0.16

Off-peak electricity tariff

Solo EV 0.07 1 1 0.07 0.09 -0.02 0.29

BYD 0.07 1 1.65 0.12 0.09 0.03 0.24

*Assuming 10mpg
BSOG £.035/L
Electricity standing charges not inc.

¥ Nottingham

,.,,E?% City Council




Feedback:
Policy

» Perception
 Emissions

* Branding

* Engaging bus

operators
» Partnerships |l
* Access areas | 1 2 S SR R ™ \1.\..‘1\
* Unlock funds el =z

 Political




Future plans:
ElectriCity...?

e Single electric solution

e So far: Tram & buses...

 GuL City
- Cars, taxis
- LEZ
« NCT 53 gas buses

* All buses entering city-
centre Euro 6 by 2020

@Quiet

l
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York
bus
routes

80% of
bus traffic
can run
Zero
emission




York - Clean Air Zone
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1,000,000 km and counting...

J Frequent Buses
N Low Fares




JFree Parking
N Frequent Buses
JLow Fares
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Low Carbon Vehicle Partnership

eLIPTIC

electrification of
public transportin cities

UK eBus
Summit

2016

The CIVITAS eLIPTIC project

Hendrik Koch

Project Coordination
Working Group Sustainable Mobility

Freie

Der Senator fur Umwelt, - & piansestadt  10th November 2016, London & - oooooo 2020

Bau und Verkehr CIVITAS Programme

Bremen




CIVITAS

e (o

* Research and Demonstration project in EU
Program ,Horizon 2020“
(Mobility for Growth 5.1)

* Funding primarily for research and promotion
(only small share for hardware)

* 33 partner in 8 Countries

* Duration: 01.06.2015 - 30.05.2018 2

* Coordinator: Freie Hansestadt Bremen I‘lr"l °

* Budget: 5,9 Million Euro @m@ o el
CiVi TAS

nd better tra

Horizon 2020 This project has received funding from the European Union‘s Horizon 2020

Programme research an innovation programme under grant agreement No 636012
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Three thematic technology pillars
eLIPTIC

electri ion of

A B public\ € Jsportin cities
E-buses Energy efficient | Multi-purpose
| | electric PT use of electric
S lnediaon PT infrastructure

Into existing electric
PT infrastructure

Energy Management

Trolley/ Tram/ Light Rail/ Metro




2 12m full electric battery buses (SILEO and EBUSCO)
1 18 m SILEO full electric battery bus
Chargmg at combined tram/ bus depot



Klimafreundlich
Feinstaubfrei 0}

Larmarm &

|1 2015:
2 12m battery buses(SOLARIS Urbino 12),
~ charging at tram stop and tram substation
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Extended sérv1ce on reglonal foute Wlthdﬁt‘dverhead Wll’ef
Tests of automated wiring and de-wiring for more flexibility in
Eberswalde Szeged and Gdynia
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STATION

Braking \

STATION

3 2014 Energy storage in tram substation in regular operation
" 2016: Feasibility study on potential to extend recuperation

| through braking in Brussels

2017: Feasibility study on potential to extend recuperation
¥ through braking in trolley network in Gdynia



Public transport + Carsharing in Bremen by BSAG and MOVE
ABOUT
Feasibility study on integration in existing network




Test on Underground power grid to be used to charge TfL
fleet cars and utility vehicles + potentially Taxis:
2018: Taxis must be ,zero-emissions capable”

.‘ ’o .0 T \
lqi M| \ .

Source Www.p



— Passenger car

< 1 hour

Small (- medium)
50 - 60% Diesel

Diesel: PM,, + NO,
Gasoline: low

500 | gasoline/
Diesel

~1,21to

Factor 100

(

Daily usage
| |

Engine size
11

Fuel
1 1

local pollutants

L

Annual fuel
consumption

CO, emission p.a.

Total impact

12 - 16 hours

big

95 — 98 % Diesel
Diesel: PM,, + NO,

40,000 | Diesel

~ 100 to

Equals to app.
100 electric
passenger cars

/Bus (18m) ELE

FACTOR
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Factor 100 eLIPTIC

public transport in cities

Ql IDTIr

www.cyclingpromoNon.com.au

-

Horizon 2020
Programme




. but not 100 fold financial support!




Halve the use of ‘conventionally-
fuelled’ vehicles in urban transport
by 2030, phase them out by 2050

achieve essentially CO2-free city
logistics by 2030 - in major urban
centres

transport
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Factor 100

eLIPTIC

electrification of
==~  sport in cities
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Thank you for your attention!

eLIPTIC

electrification of
public transportin cities

Hendrik Koch

Free Hanseatic City of Bremen

Ministry for the Environment, Transportation and
Urban Affairs

Project-coordination sustainable mobility
o, [Freie

&’ Hansestadt
CIC]]

Der Senator fiir Umwelt,
Bau und Verkehr

FACTOR

Hendrik.Koch@umwelt.bremen.de
eliptic@umwelt.boremen.de

www.eliptic-project.eu

?é%i' : - Horizon 2020

CiViTAS Programme
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