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Electrification of London‘s Public Transport network



Transport for London: managing an integrated system

• London Underground (‘the Tube’)
• London Overground, TfL Rail, future Elizabeth Line
• DLR
• Emirates Air Line
• Tramlink
• London Buses
• Taxis & Private Hire
• Santander Cycles
• River Services



Transport in London 

More than 30 million transport trips 
taken each weekday across Greater 
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 car / motorcycle trips



London’s challenges: environment & quality of life

• 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



London’s challenges: growth

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



Mayor’s transport priorities

• All new vehicles should 
be zero emission by 
2040 in order to achieve 
the 2050 goal

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



• Transport Emissions Roadmap 
published in 2014 – considers how 
to reduce harmful emissions from 
transport in London
• Our ULEV Delivery Plan (2015) 
sets out London’s specific 
challenges to ULEV uptake and 15 
new actions to overcome them
• Actions are based on three pillars 
needed to support the conversion of 
ICE vehicles to ULEVs

Promoting Ultra Low Emission Vehicles (ULEVs)



Delivering ULEVs in practice

• Infrastructure: 
Confidence for drivers that 
they can recharge or refuel 
(e.g. H2) when they need to
• Vehicles: Increasing 
visibility including through 
our own fleets
• Marketing: Incentives and 
policy mechanisms 



Electrification of London’s buses

• Early trials now translating into full route 
conversion for ULEZ in 2020
• Emerging technologies include wireless 
charging and geo-fencing of PHEVs
• What is the best choice of electric / plug-
in bus for each route? 
• What is the optimum charging strategy; 
depot-based or on-route charging? 
• What are the impacts on the electricity 
network? 



Electric bus trials: ZeEUS project

• Measure charging  
performance in real 
operating environment
• Understand benefits 
of technology

• Induction charging or 
‘Inductive Power Transfer’ 
– opportunity charging



ZeEUS project: early London demo results

• EV mode (using grid energy) 
~60% with opportunity charging
• Average stand time: 10 mins
• Average energy transfer: 16 kWh
• Average combined energy 
consumption at 60% EV mode is 
over 50% better than a diesel 
double-deck bus
• Plug in (overnight) chargers should 
enable 80% use of grid electricity



Energy efficiency on the Tube

• 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



Energy efficiency on the Tube

• Victoria Line
• Nine DC traction track 
sections
• Most sections double 
end-fed
• Annual energy 
consumption for Victoria 
Line ~ 80 GWh
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Existing 
2.5MW 
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Cloudesley Road 
inverting substation

Alstom HESOP inverting substation trial



• Circa 5% traction 
energy recovered
• Almost 1 MWh per 
day saved on average 
on one DC section
• Modelling forecasts 
validated by results



• 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

TfL is using its influence to increase the 
number of all types of ULEVs on 
London’s streets 



• TfL is procuring a 
rapid charging 
network in London; 
to be private sector 
operated 
• 150 rapid charge 
points by end of 
2018 for ZEC taxis, 
PHVs, commercial 
fleets and EV car 
clubs, rising to 300 
by 2020 

Rapid charging network for London



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 
considered 
(Pillar C)



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
• Integration of energy storage & 
management (DSR, V2G)
• Opportunity to explore 
co-location of existing 
energy infrastructure 
with spatial demands for 
future multi-purpose 
charging networks

TfL and eLIPTIC: strategic considerations



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 

* 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. 



Thanks for listening. Any questions?
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