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About Us
Go-Ahead London

• Circa 25% London bus market

• 190 routes

• 2,300 buses

• 18 garages

• Introduced first hybrid buses in London

• Introduced first electric buses in London



About Us
BYD COMPANY LTD 

• 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



8.6-metre

12-metre

10.2-metre double-decker10.8-metre

18-metre articulated 12-metre apron bus

BYD Pure Electric Bus and Coach Family

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

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

12-metre coach



BYD electric bus global footprint
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BYD key projects in Europe

Schiermonnikoog, NL

6 units (Apr 2013)
Amsterdam Airport Schiphol, NL

35 units (Nov 2015)
Eskilstuna & Ängelholm, SE

2 & 5 units (Jan 2016)

London, UK

5 units (May 2016)

London, UK

51 units (Aug 2016)

Nottingham, UK

13 units (Oct 2016)
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SSE Enterprise delivers essential services that improve



What’s Next?
SSE’s offer: end-to-end solutions

Solutions 
advice

Technical 
design

Survey & 
feasibility

Charging 
Point supply

Installation
(Green) Energy 
supply

Back office

Funding

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)

To be offered in 
the future

Currently offered 
by SSE Enterprise

Partnership

Legend:



The Project
Waterloo Bus Garage, London



Stakeholders



Project ‘ingredients’

Project

The 
bus

The 
depot

The 
routes



The bus

0
emissions

Reliable 
battery

LOW
operating

cost

Single-
charge 
operation



The bus

• BYD battery, powertrain and chassis + ADL body

• >250 km range, 4h charging time

• 90 passengers (21 seats)



The routes

• Running through Ultra-Low 

Emissions Zone (ULEZ)

• 4.3 / 5.6 km per trip

• 0600 to 0030 overall operation

• High peak-time operation

• 7 million passengers per year

• 1 million km per year



Trees planted

5,069
yearly

912
tonnes per year

CO2 Reduction

*

The routes

*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



The depot



The charger

Specifications

Type AC, Mennekes, Type 2, 

three-phase

Voltage 400 V

Max power 40 kW x 2

Max current 126 A

Cable length 3 m



Challenges & solutions
Running a large-scale electric bus depot



Challenges

• 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



Space

(or the lack of)



Power – How much is enough?
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Power – When to charge?

Image source: Transport for London



Solution: Overnight charging

• 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)



Charging – a typical day’s operation

~0030 Last bus returns

0000-0700 Charging window

~0600 First bus departs

At 40 kW, typically 2-5 hours 

required 



The infrastructure

• Survey of existing power supply

• Securing supply

• Upgrade (transformers installed)

• Connection

• Input on expected loads

HV 
connection 

(grid)

LV 
connection 

(transformer)
BYD charger



Summary: The BYD-ADL/SSE solution for Go-Ahead

• 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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Mark Poulton
Vehicle Technology Manager

10 NOVEMBER 2016

London 
Underground: 
Opportunities for 
bus electrification?
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Transport in London

• 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

• Transport for London (TfL) manages London’s 
integrated transport system

• Each weekday across Greater London, more than 
30 million transport trips are made –

LOWCVP UK E-BUS SUMMIT – 10 NOVEMBER 2016
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London’s challenges: environment

• Air quality – NO2 (and PM10 & PM2.5)
• 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 CO2
emissions by 60% by 2025

• Ambition for ‘Zero Carbon’ by 2050

LOWCVP UK E-BUS SUMMIT – 10 NOVEMBER 2016
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London’s challenges: growth

• Population growth – transport capacity
• Congestion (space for more active travel)
• Road safety

LOWCVP UK E-BUS SUMMIT – 10 NOVEMBER 2016
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Mayor’s transport priorities

• Proposals for cleaning London’s air will achieve 
compliance with limits for NO2 by 2025

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

LOWCVP UK E-BUS SUMMIT – 10 NOVEMBER 2016

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

• All new vehicles should 
be zero emission by 
2040 in order to 
achieve the 2050 goal
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TfL is using its influence to increase all 
types of ULEVs on London’s streets 

LOWCVP UK E-BUS SUMMIT – 10 NOVEMBER 2016

New licencing 
requirements for 
zero emission 
capable taxis and 
Private Hire Vehicles

LoCITY programme to 
help the freight industry 
adopt ULEVs

Supporting 
innovation 
through 
Mayor’s Air 
Quality Fund
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TfL and eLIPTIC: Use Cases

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

• Identifying potential locations for 
access to the power network to 
charge electric buses (Pillar A)

• Other 
plug-in 
vehicles 
also of 
interest 
(Pillar C)
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TfL and eLIPTIC: practical considerations

• Spatial (co-) location

• Cost effectiveness

• Legal, regulatory & 
commercial issues

• 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
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London Underground’s power network
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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 
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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

630/750V DC 
Switchboard 

~ ~~ ~

Inverter 
Unit with 
separate 
HV & DC 
connections 
and stand-
alone 
transformer

Track 
Feeders

Existing 
2.5MW 
Transformer 
Rectifier 
Units
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LU traction energy efficiency

Cloudesley Road 
inverting substation

• Circa 5% traction energy recovered
• Results have validated simulation
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LU traction energy efficiency

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

• Role for energy storage?
• Possible link to surface 

transport electric vehicles? 
• 1 MWh ≈ energy consumed by 

4 or 5 electric buses
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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



16

Electrification of London’s transport: future energy needs

Mode or means of 
transport

Passenger 
journeys / 
vehicles

ENERGY
consumption* 
p.a.

Maximum 
POWER 
consumption

London Underground 4.5 million / day 1.1 TWh
(1,100,000,000 kWh)

~ 250 MW

London Buses 6.5 million / day
9,000 buses

~ 750 GWh ~ 250 MW 
(⅓ fleet charging @ 80kW)

Taxis & Private Hire 22,000 taxis
> 80,000 PHVs

~ 750 GWh

Commercial fleets 1,200 – TfL fleet
> 220,000 LGVs 
reg’d in London

~ 10 GWh
~ 2.4 TWh

Private cars ~ 2.6 million ~ 5 TWh

Almost 10 times 
London 

Underground’s 
annual traction 

energy 
consumption 

LOWCVP UK E-BUS SUMMIT – 10 NOVEMBER 2016

* 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. 
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For more information 
contact:

Mark Poulton
Vehicle Technology Manager

markpoulton@tfl.gov.uk



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
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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:

• 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)
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Gdynia trolleybus depot
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Roofed parking spaces and inside of the depot
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CIVITAS DYN@MO in a nutshell

DYN@MO Project
• EU project realized within CIVITAS II PLUS initiative 

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
• development of innovative transport systems and 

services

• introduction or reinforcement of ecological means of 

transport in the partner cities

• engaging citizens in sustainable mobility

• cooperation and experience exchange between the 

cities
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CIVITAS DYN@MO TASK 1: Innovative hybrid trolleybuses
with a new type of  Li-ion battery running on a new line

• Purchase of 2 SOLARIS Trollino 12 M trolleybuses
with an alternative power source – a Lithium-Ion
battery in March 2015; positive off grid tests

• Choice of a schedule trolleybus line 21 which since
May 2015 has regularly been serviced by battery hybrid

trolleybuses on an unwired extension – 2 trolleybuses

gett off the traction and go for 2 km in Gdynia central
Skwer Kościuszki street solely on the battery

• Planned further expansion of trolleybus transport

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

400.000 EUR



7

TECHNOLOGICAL INNOVATIONS IN NEW TROLLEYS

Modern equipment in purchased Li-Ion Solaris Trollino 12M 
Automatic 
pantographs enabling 
automatic raising and 
lowering the current 
collector

Asynchronic drive 
with energy 
recuperation 
system

Alternative power supply –
Lithium-Ion battery
enabling regular off-traction 
operation up to 15 km

Air conditioning of the whole
trolleybus space 

External and internal
monitoring system
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The battery location – at the back of the vehicle



9

<Event> • <Date> • <Location> • <Speaker>
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Basic comparative data - traction batteries 
currently used in Gdynia

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 
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Only 30 % of total 
lenght of the line 
needs to be 
covered by overead 
infrastructure to be 
operated battery 
trolleybuses 
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An example of Landskrona (30.000 inhb.)/ Sweden



13



14

CIVITAS DYN@MO TASK 2: 
Supercapacitor for greater energy efficiency

of trolleybus system in Gdynia

● 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

showcase
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Supercap modules and resistor

75.000 EUR
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Technical data

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 

during operation

187 - 375 V

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 

during operation

187 - 375 V
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Basic scheme
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Wielkopolska Substation -
Location of supercapacitor bank.
This substation was predisposed
for supercapacitor installation
due to the hilly terrain of the
power supply area – there are
more occurrences of trolleybuses
braking and giving recuperative
energy back to the traction
network.
Supercapacitor ‘catches’ this
energy and stores it for later use
by other trolleybuses.
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Results – recuperation of energy
in 2015 in vehicles before 
and after SC installation
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Direct presentation of the savings
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Development  plans for the near 
future  

• after acquisition of 2 Solaris trolleybuses with Li-Ion 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-Ion batteries (incl. 16 articulated 18 M trolleys) and 

exchange of the Ni-Cd batteries to Li-Ion 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 in 

Fikakowo, next one in Sopot / Ergo Arena Stadium

• Photovoltaic panels power plant on the roof of the depot – 5000 m2



Thank you very much for your attention!

Marta Woronowicz 

Project Manager

m.woronowicz@pktgdynia.pl

Mikolaj Bartlomiejczyk

Energetics Manager

bartlomiejczyk@pktgdynia.pl



UK eBus Summit 2016 – 10th November 2016

Holborn, London

Low Carbon Vehicle Partnership 1

UK Policy Framework and Market Development 

Andy Eastlake 

Managing Director, LowCVP 
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LowCVP is a unique public-private membership organisation that 
exists to accelerate shift to low carbon vehicles and fuels and 
stimulate UK business opportunities

LowCVP Working GroupsGovernment & 
Public Bodies

Fuel Suppliers

Technology 
Suppliers

Automotive 
Manufacturers

Fleet 
Operators

Environmental 
& Academia

Low Carbon Vehicle Partnership
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How the LowCVP operate

Creating communities

Gathering the 
stakeholders around 
common challenges/ 
objectives

Building Understanding

Researching the 
common barriers or 
opportunities, creating 
common goals

Influencing Policy

Defining measurement 
processes, schemes, labels, 
information, incentives at 
individual, local, regional, 
nation (international) level

Accelerate the market

Promotion, of common 
policies, information, 
outreach to delivery partners

LowCVP activity/capability spectrum

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

Promotion

Proof

Products

Policies

Representative test 
methods, Independent 
Assessment, Operator 

engagement

Identifying opportunities/ mapping 
Barriers. Identifying funding direction

Grants, Preferential access
Tax incentives
Local schemes

Labelling, Technology reports
Performance evidence, Case 

studies

Low Carbon Vehicle Partnership
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How did we get here? 

Creation of the 
Millbrook 

London Transport 
Bus (MLTB) Cycle 

Definition of a 
‘Low Carbon 
Emission Bus’

(LCEB) 

Creation of a 
LCEB 

Accreditation 
Scheme

Green Bus Fund 

BSOG LCEB 
incentive

Scottish Green 
Bus Fund 

Low Carbon Bus 
Technology 
Roadmap

Research on 
overcoming 

barriers to LCEB 
take-up

OLEV Low 
Emission Bus 

Grant Scheme

Definition of a 
LEB and new 
accreditation 

scheme

OLEV Low 
Emission Bus 

Scheme

Winners 
Announced 

2007-08 20151996 20162009-10 2014

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

20 years of collaborative development of products, performance and policy 
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Market: Stimulation and Growth
• Low Carbon Emission Bus (LCEB) defined as producing a minimum of 30% GHG 

saving on a Well-to-Wheel basis vs Euro III diesel equivalent. 

• DfT’s Green Bus Fund distributed £88m to local authorities and operators across 
England to purchase 1240 Low Carbon Emission Buses (LCEBs). 

• Operation support through BSOG LCEB incentive: 6p/km. 

• Scottish Green Bus Fund supported 269 buses with £12.9m (+£3m for round 6)

• Operational success of LCEBs has led to over 4,000 LCEBs in operation today (Oct, 2016). 

• 41% of new bus registrations in 2015 in the UK were LCEBs (SMMT New Bus Registrations).

• 6 unique technologies and fuels represented by 27 different models from 7 
manufacturers. 

Visit the
LowCVP Low Emission Bus Portal 

for more information. 
Hybrid , 2367

Electric , 175

Biomethane , 112

Electric Ancillaries, 
1091

Hydrogen , 10PHEV, 5

http://www.lowcvp.org.uk/initiatives/leb/Home.htm for more information.
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Growth of LCEBs in operation 
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Low Emission Bus Scheme
• £30m Low Emission Bus Scheme created to continue the push to decarbonise 

the bus market and target reduction in air quality emissions between 2016-
2019.

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

• Creation of Low Emission Bus definition:
• At least 15% GHG saving on a Well-to-Wheel (WTW) basis vs. a Euro V 

diesel bus of equivalent passenger capacity.
• Euro VI or equivalent engine. 

• Focus on short-term challenges and long-term deployment: 
• Proportional funding for WTW GHG saving (greater savings = increased 

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

• OLEV Low Emission Bus Winners: Total of 326 buses funded  

• £7.65m for Infrastructure to support future deployment of more LEBs. 

Visit the
LowCVP Low Emission Bus Portal 

for more information on 
accredited LEBs.

http://www.lowcvp.org.uk/initiatives/leb/Home.htm for more information.
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Low Emission Bus Showcase 
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. 

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

• Low Emission Bus Guide created to assist bus fleet operators and local 
authorities procure clean and green buses. 

• The LEB Guide: 
• 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 1-3rd November at NEC, 
Birmingham. Interactive pdf available for free download from LEB Portal.

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

http://www.lowcvp.org.uk/assets/reports/LowCVP LEB Guide 2016 interactive V2.pdf
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Key LowCVP Events and Publications 
• UK eLIPTIC e-Bus Summit: LowCVP ‘A Green Bus for Every Journey’ Launch

• 10th November / DoubleTree by Hilton West End, London

• Zero Emission Bus Conference: LowCVP chaired session
• 30th November &1st December / City Hall, London

• Low Carbon Britain: Low carbon and low emission vehicle policy development
• 1st December, Institution for Civil Engineers. 

• LowCVP Bus Working Group meeting
• 12th January, London 

• UK Bus Summit 2017: LowCVP ‘Any Journey by Green Bus’ Launch 
• 9th February 2017 / QEII Conference Centre, London

• LowCVP Low Emission Bus Workshops 2017: Operators and Local Authorities 
• Manchester in early 2017, others tbc later in 2017

LowCVP Events: http://www.lowcvp.org.uk/events.htm

Visit the
LowCVP Low Emission Bus Portal 

to download reports. 

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


Product 

Proof 

Policies 

Promotion 

4

• Two decades of development to truly make the shift to a lower carbon and 
lower emission bus market, illustrating LowCVP membership benefits:

• Long-term collaboration to develop low carbon products 

• Developed world renowned evidence-based testing regimes.

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

• Promoted range and benefits of  low carbon products to wider 
audiences. 

Summary of success through collaboration 

Low Carbon Vehicle Partnership



Efficient mobility, lower carbon, cleaner air
Creating the platform for robust support of low emission and fuel efficient technologies

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

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

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

Andy Eastlake – andy.eastlake@lowcvp.org.uk
@aeastlake, @TheLowCVP

LowCVP is  a partnership organisation with over 180 members with a 
stake in the low carbon road transport agenda. 
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UK eBus Summit 2016 – 10th November 2016

Holborn, London

15/11/2016 Low Carbon Vehicle Partnership 1

A Green Bus for Every Journey 

Mark Munday 

Technical Director, FirstGroup
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FirstGroup

2.4 billion passengers per year



Greener Journeys

15/11/2016 Low Carbon Vehicle Partnership 3
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The Journey of the Green Bus

Published Feb 2016 at the UK Bus Summit 2016

Download LowCVP Low Emission Bus portal or LowCVP website 

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

http://www.lowcvp.org.uk/initiatives/leb/Publications.htm
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A Green Bus For Every Journey

Published today at the UK eBus Summit 2016

Download LowCVP Low Emission Bus portal 
http://www.lowcvp.org.uk/initiatives/leb/Publications.htm

http://www.lowcvp.org.uk/initiatives/leb/Publications.htm
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A Green Bus For Every Journey



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 adding 

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 2

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjvkIqZ8ZbQAhUGtxQKHRzCCL0QjRwIBw&url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DxVlhroI6eg4&psig=AFQjCNH5jOvrI80aauV1ZU4YPR2af9vGig&ust=1478615587170189


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   

3



Electric Bus Trials
• 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 

Ahead during August 2015.

• 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 
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ZeEUS Project - Wireless Charging Bus Trials

6





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 

7



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 

9



Steve Cornes
Electric Bus Project Manager
Nottingham City Council

Nottingham Electric Bus 
Project
Progress and Plans



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

https://www.google.co.uk/url?q=http://en.wikipedia.org/wiki/Nottingham_Council_House&sa=U&ei=sF5FU-uOIo6Thgek84GoDQ&ved=0CDIQ9QEwAg&usg=AFQjCNEX6TSnAuo5q0u5UOUp5Q_4aID8qA


Nottingham Public Transport
• Deregulated market

• Commercial Bus Services 90% of 
departures

• Contracted Bus Services (10 %)

• Socially necessary and strategic 
contracts

• Locallink network - a network of routes 
to workplaces, health and education 
sites and district centres, with seven 
million trips a year

• Tram - 3 lines, cross-city services



The Council role
• Statutory Concessionary 

travel scheme (£9m)

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

• City Centre SQPS Scheme 
since 2010

• Robin Hood Multi-operator 

season ticket: Admin, 

auditing, publicity costs



Electric buses
• Why electric?

• Cost savings

- NCC Fleet ownership

- DfT GBF Grant + WPL

- Capital rich/revenue poor

- BSOG removal

- LCEB incentive

• CO2 & NOx reductions

• Fuel security

• Wider policy 

• Council strengths

- energy supply

- Property



Business Case Per Electric Bus
• Capital cost difference £105k

• Grant (£85k)

• Apportioned spare £40k

• Additional 8 yr warranty £12k

• Maintenance diff £0k (-40%)

• Fuel savings (min) £18k

• Payback (grant) 4 years

• Payback (no grant) 8.7 years



Electric Bus Network
Implementation stages

• Charging network development

• Trickle charge/overnight base

• Fast chargers

Contracted Services Bus no.

• Centrelink – high f /small bus 4

• Localinks – low f /small  8

• Medilink – high f /small 16

• Localinks – high f /small  17

• Citylinks – high f /large 13





Electric Bus Network: Progress
• £15.1m project
• Phase 1 &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



Feedback: Project
Charging issues
• Fast charging

• Ind. operational base

• Fast charger network

• Temperature!

Vehicles
• Timetables/driver rotas

• Driver variation

• Battery range

• Reliability

• Development



Feedback: Vehicles
Performance



Feedback: Vehicles
Energy consumption and cost

Vehicle Fuel unit cost £ Distance Miles  L or kWh/Mile £/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.



Feedback: 
Policy

• Perception

• Emissions

• Branding

• Engaging bus 
operators

• Partnerships

• Access areas

• Unlock funds

• Political



Future plans: 
ElectriCity…?

• Single electric solution

• So far: Tram & buses...

• GuL City

- Cars, taxis

- LEZ

• NCT 53 gas buses

• All buses entering city-
centre Euro 6 by 2020





York
bus

routes

80% of 
bus traffic 

can run 
zero 

emission



York - Clean Air Zone



























1,000,000 km and counting…



Thank you for listening

Any questions...?

derek.mccreadie@york.gov.uk



The CIVITAS eLIPTIC project

Hendrik Koch
Project Coordination 

Working Group Sustainable Mobility

10th November 2016, London



• 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

• Coordinator: Freie Hansestadt Bremen

• Budget: 5,9 Million Euro



<Event> • 

<Date> • 

20 Use Cases  

+ 11 Twinnings

+ User Forum (PTO / PTA)

+ UITP, POLIS, VDV, 
ASSTRA, LCVP



Energy efficient

electric PT 

system

Multi-purpose

use of electric

PT infrastructure

E-buses

Safe integration

into existing electric

PT infrastructure

Three thematic technology pillars



Electric buses tested in real life at BSAG

18m battery bus long range

2016: 

2   12m full electric battery buses (SILEO and EBUSCO)

1   18 m SILEO full electric battery bus 

Charging at combined tram/ bus depot



Electric buses in regular service in Oberhausen

2015: 

2   12m battery buses(SOLARIS Urbino 12), 

charging at tram stop and tram substation



Battery-trolley-hybrid without overhead wire

Extended service on regional route without overhead wire 

Tests of automated wiring and de-wiring for more flexibility in 

Eberswalde, Szeged and Gdynia



2015: Hybrid-Trolleybus in regular service without catenary 

Innovative hybrid-trolleybuses in Gdynia (Poland)



Energy efficient tram / metro 

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
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Multi-modal (e-)mobility

Public transport + Carsharing in Bremen by BSAG and MOVE 

ABOUT

Feasibility study on integration in existing network



Multi-purpose use of electric infrastructure

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“ 
Source www.pocket-lint.com 



Passenger car Bus (18m)

Daily usage< 1 hour 12 - 16 hours

Engine sizeSmall (- medium) big

Fuel50 - 60% Diesel 95 – 98 % Diesel

Annual fuel

consumption

40,000 l Diesel500 l gasoline/ 

Diesel

local pollutantsDiesel: PM10 + NO2

Gasoline: low

Diesel: PM10 + NO2

Total impact Equals to app. 

100 electric 

passenger cars

CO2 emission p.a. ~ 100 to~ 1,2 to

Factor 100



Factor 100



x 100

… 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

No targets for urban public 

transport



Factor 100

Besides indirect funding (no / less taxation and 

operational benefits) cars get / got a direct 

funding of up to 

• France = 6.300€

• U.K. = 6.200€

• Sweden = 4.500€

• Germany = 4.000€

Data: 2015



Thank you for your attention

www.eliptic-project.eu



Thank you for your attention!

Hendrik Koch

Free Hanseatic City of Bremen 

Ministry for the Environment, Transportation and

Urban Affairs

Project-coordination sustainable mobility

Hendrik.Koch@umwelt.bremen.de 

eliptic@umwelt.bremen.de

www.eliptic-project.eu
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