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1. Executive summary 

A.2: Opportunity (re)charging of ebuses and/or plug-in hybrid buses 
(using metro infrastructure). 

 
Initial plans for Transport for London’s role in Pillar A was to undertake a demonstration 
of the recharging of fully electric buses using commercially available charging 
infrastructure connected to the London Underground (LU) private electricity network 
which spans the city. It was also planned to develop a general understanding of the 
capacity of the LU electricity grid to support EV charging. 
 
Early in the project it became apparent that it would not be possible to make general 
statements about the ability of the LU grid to support EV charging or carry out an overall 
assessment of the network’s suitability for such use. While there are undoubtedly many 
places around the LU grid with spare capacity which could deliver sufficient power to 
support significant EV charging infrastructure, this is only part of the story. Viability of 
the supply is equally dependent on geographic and accessibility factors. Spare 
capacity on the LU grid, determined on a site by site basis, is only a viable energy 
source for EV charging infrastructure if it close to the recharging facility owing to the 
high cost of installing cabling in London’s streets. While many of the substations, switch 
rooms and other easier connection points to the grid are found at or close to the 
surface, many other seemingly viable connections are deep in the underground rail 
tunnels and inaccessible. 
 
Despite this, several possible locations where bus garages or depots are close to 
easily accessible connections to the LU grid with sufficient spare electrical capacity to 
support overnight charging of several buses were identified.  It then became apparent 
that long lead times in both obtaining suitable fully electric buses and making the 
necessary changes to bus contracts would preclude a demonstration during the 
timeframe of ELIPTIC. 
 
The demonstration was switched to Pillar C and Pillar A refocused onto understanding 
the requirements for delivering scheduled London bus services using fully electric 
buses. This study showed that the optimum strategy may be to combine overnight 
depot charging with short-interval opportunity charging at the ends of bus routes. 
Adopting this strategy would allow the route identified for the Case Study, which 
operates around the clock, to be served by the same number of vehicles as used 
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currently by the diesel bus fleet at the same service levels even when factors such as 
battery degradation and heating of the passenger compartment were included.  
 

C.2: Use of metro sub‐station for (re)charging TfL support fleet 
vehicles (e‐cars & e‐vans) and zero emission capable taxis (rapid 
charging hubs). 

Although originally conceived as a case study on the use of the LU AC grid to supply energy 
for the recharging of electric vehicles other than buses, principally the support fleet vehicles 
TfL engineers use to go about their business and taxis, Pillar C in fact delivered the live 
demonstration of recharging EVs. This and the electric bus recharging studied in Pillar A posed 
a situation which, if it were to prove viable and desirable would require major changes in the 
policies and engineering standards which govern the use of the LU grid which, for over 100 
years, has been developed with the sole purpose of delivering a very highly reliable (several 
times the redundancy of public distribution networks) supply of current to underground trains.  

Following the decision to move the live demonstration to Pillar C a review was undertaken of 
TfL support fleet locations and the Lillie Bridge Depot was chosen. This was due to a number 
of factors including the presence of vehicles towards the end of their useful life which could be 
directly replaced with EVs, spare capacity and a short connection to the LU grid and space 
available to install the charging infrastructure. For the demonstration 3 double-headed 7kW 
chargers were procured with the intention on delivering a twofold proof of concept. Firstly that 
EV charging infrastructure could draw current from the LU grid without any adverse effect on 
either the power network or underground rail operations. Also, secondly that the charging 
equipment could operate effectively and reliably while connected to the highly reliable but 
potentially low quality supply in terms of voltage stability (due to DC traction current). 

A testing and acceptance programme of electrical power quality monitoring was designed and 
approval obtained to first install the charging infrastructure and connect it to LU AC grid in a 
switch room at Lillie Bridge and then following a period of baseline monitoring to move on to 
EV charging. Testing was undertaken at various levels ranging from a single vehicle trickle 
charging an almost full battery to 6 vehicles charging a heavily depleted battery at maximum 
current draw. All tests were delivered with no adverse harmonic or voltage deviations recorded.  

As a result of the ELIPTIC trial, charging infrastructure connected to LU grid has been accepted 
for long term use and the vehicles that collectively use these charge points will reduce tailpipe 
CO2 emissions of the TfL support fleet by more than 13 tonnes annually. 

The Pillar C demonstration has been accepted as a proof of concept that EV charging can be 
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powered from the LU grid with no detrimental effects on either the AC grid or Underground 
train operations. As a result of this, discussions are taking place around replicating the ELIPTIC 
solution at a MW scale deployment of electric bus recharging. 

 

  



                            
                    
 

 | 9  

 

D2.4 London Final Use Case Report 
 

2. Introduction 

The overall aim of ELIPTIC was to develop new concepts and business cases to optimise 
existing electric infrastructure and rolling stock use, saving both money and energy. ELIPTIC 
advocates electrification of the public transport sector and helps to develop political support 
for the electrification of public transport across Europe. 

ELIPTIC looks at three thematic pillars: 

 Pillar A: Safe integration of ebuses into existing electric PT infrastructure through 
(re)charging ebuses “en route”, upgrading trolleybus networks with battery buses or 
trolley-hybrids and automatic wiring/de-wiring technology; 

 Pillar B: Upgrading and/or regenerating electric public transport systems (flywheel, 
reversible substations); 

 Pillar C: Multi-purpose use of electric public transport infrastructure: safe (re)charging of 
non-public transport vehicles (pedelecs, electric cars/ taxis, utility trucks). 

 
With a strong focus on end users, ELIPTIC analysed 20 use cases within the three thematic 
pillars. The project supported the Europe-wide uptake and exploitation of results by developing 
strategies and guidelines, decision making support tools (e.g. option generator) and policy 
recommendations for implementation schemes for upgrading and/or regenerating electric 
public transport systems. Partners and other cities have benefited from ELIPTIC's stakeholder 
involvement and user forum approach. ELIPTIC addresses the challenge of “transforming the 
use of conventionally fuelled vehicles in urban areas” by focusing on increasing the capacity 
of electric public transport, reducing the need for individual travel in urban areas and by 
expanding electric intermodal options (e.g. linking e-cars charging to tram infrastructure) for 
long-distance commuters. The project strengthens the role of electric public transport, leading 
to both a significant reduction in fossil fuel consumption and to an improvement in air quality 
through reduced local emissions. 

This document, Deliverable D2.4 “London Final Use Case Report” describes the work 
undertaken by Transport for London (TfL) to investigate the possible use of its extensive 
private electricity grid, which currently provided power to the London Underground (LU) rail 
network, for the (re)charging of electric vehicles. In particular if and how the LU AC electricity 
grid could be used to support the electrification of the London bus fleet (Pillar A) and the taxi 
and public sector fleet, such as TfL’s own engineering support vehicles (Pillar C).  
 
Transport for London manages one of the most complex integrated transport systems in the 
world. Of particular relevance to ELIPTIC is that it owns and operates the London LU metro 
system, delivers through contracts the London bus service and licences taxi and private hire 
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vehicles and their drivers. The Mayor of London, through his Transport Strategyi recognises 
the critical role of transport in the success of this World city but also acknowledges the adverse 
effects of road transport on air quality and health. Several actions in the 2018 strategy are 
targeted at reducing these impacts and increasing use of electric vehicles (EVs) is a likely 
outcome of these policies. However, constraints on both the supply and distribution of 
electricity over the regulated public electricity network means it is often both very time 
consuming and costly to install the charging infrastructure needed to power these EVs. 
 
In an attempt to address the difficulties of installing and powering EV charging infrastructure 
the focus of TfL’s research in ELIPTIC was to investigate if the LU AC electricity grid, which 
for more than 100 years has had the sole function of delivering current to the LU network, 
could be safely and economically used to supply power to EV recharging infrastructure. This 
would be a significant change in the usage policy of the network which presently is restricts its 
use to powering the LU railway. 
 
Initial plans were to undertake a practical demonstration of this under Pillar A at one of the 78 
bus garages across London and a wider desk based study on the smaller vehicle recharging 
under Pillar C. However during the course of the project it became apparent that a live 
demonstration in Pillar A would not be possible within the timeframe of the ELIPTIC project 
and so a demonstration was undertaken using the TfL support fleet at Lillie Bridge Depot under 
Pillar C. Pillar A became a desk based study into the feasibility of using the LU grid for either 
depot-based overnight when demand on the LU grid is very low, recharging or on-route 
opportunity charging during the day when LU train operations place a heavy demand on the 
grid. 
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3. Use Case Overview 

3.1 Context and policy background of uses cases 

London has a long history of integrated management of its transport system and has been 
taking measures to reduce the impact of transport on climate change and air quality for many 
years. The previous Mayor’s Transport Strategy ii published in 2010 included a number of 
measures designed to promote the use of ultra-low emission vehicles (ULEVs), including EVs, 
by London’s road users from both the public and private sector. Looking to near term future 
this policy driver for the increase in EV use in London will continue and accelerate.  

London had operated a road pricing scheme covering the central area of the city, the 
congestion charge, since 2003. On 23rd October 2017 this zone also became the T charge 
zoneiii with in scope vehiclesiv that do not meet at least Euro 4 or IV emissions standards (Euro 
3 for quadricycles or motorised tricycles). There is also a London-wide Low Emission Zone 
(LEZ) for vans, buses & minibuses, coaches and heavy goods vehicles.  
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Figure 1: London Ultra Low Emission Zone (ULEZ)v 

From April 2019 this zone will be strengthened so that every vehicle which fails to meet the 
required stricter emission standards (Euro 4 for petrol cars, vans and minibuses, Euro 6/VI for 
diesel vehicles) will be required to pay a daily fee to drive within the zone.  Moving forward the 
Mayor is consultingvi on plans to introduce a tougherLEZ standard for heavy vehicles across 
the whole of London by 2020 and to extend the ULEZ out to the North and South Circular 
roads by 2021. 
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Figure 2: Proposed London ULEZ 2021 

These measures coupled with wider UK government policy initiative is driving the uptake of 
EV amongst all London road users - a high proportion of whom will rely on public recharging 
infrastructure as they have no dedicated off-street parking space available.  

This growth in electricity demand places an increasing burden on the electricity distribution 
networks which are already operating close to capacity in many parts of London. Connecting 
new EV charging infrastructure to the public electricity network involves a lengthy application 
process and may involve significant capital costs if reinforcement of the local network or new 
substation high voltage connections are required. The ELIPTIC Use Cases are designed to 
investigate mitigation of this problem by using the LU AC power grid which powers the LU 
railway while at the same time helping balance demand from the LU grid.  
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A.2: Opportunity (re)charging of ebuses and/or plug-in hybrid buses 
(using metro infrastructure) 

London has an extensive bus network with over 9,000 buses serving more than 19,000 stops 
and 50 bus stations on 675 bus routes. Together these buses travel almost half a billion km a 
year. While over 3,000 of these buses are hybrids, 10 hydrogen powered and almost 100 fully 
electric (including 51 operating from one of the largest electric bus garages in Europe at 
Waterloo), buses still emit significant quantities of CO2, NOx and particulates. TfL is committed 
to increasing the use of zero emission capable buses within the fleet. 

TfL recognised that its own private AC electricity grid across the city (Figure 3 shows the 
geographical / spatial locations of London’s whole rail network, including LU) may have the 
potential to be used to support the recharging of electric buses. However, at the start of 
ELIPTIC, operating rules and engineering standards for the LU network prevented its use for 
anything other than providing the power needed to operate the London Underground. LU 
agreed to the implementation of a pilot project at a suitable bus garage connected via an LU 
transformer or switch room to their low voltage AC network whereby one or two 60kW AC 
charge points for electric buses would be connected to the LU power network at suitable 
location. This trial would have two principal aspects: 1) to demonstrate the LU grid could supply 
power in suitable quantities and of adequate quality to the EV charging infrastructure and 2) 
that EV recharging operations had no adverse impact on the operation of the Underground.   
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Figure 3: London’s railway lines, including the LU network 

Selection criteria were developed based on factors including the routes operated from the 
garage, proximity to the LU power connection, availability of capacity to deliver overnight 
charging from the LU grid, ownership of the garage and contractual factors. After extensive 
investigation of all the bus garages used by the London bus fleet, a number of locations were 
identified which satisfied the criteria for a demonstration and which were in close proximity to 
a suitable point to connect into the LU grid. However, in all these cases a combination of 
contractual factors (all London buses are owned and operated by commercial enterprises 
under contract to TfL) and long lead times on obtaining suitable buses for the demonstration, 
meant it would be impossible to deliver the pilot within the timeframe of ELIPTIC. However, by 
switching the pilot project to Pillar C the same research objectives around power quality and 
impacts on the grid could be realised. 

Work in Pillar A was refocused into a desk study on the assumption that the Pillar C pilot 
demonstrates the ability and utility of the LU grid for recharging. The study undertook detailed 
investigation of the characteristics of bus routes. It mapped energy use onto availability of 
power from LU for both depot-based and on route opportunity charging to demonstrate the 
feasibility of delivering bus routes entirely powered by the Underground. It also looked at the 
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wider context of delivering such services such as legal and contractual matters. Looking to the 
future, consideration has begun into where the LU grid could support bus recharging at 
garages which were ruled out because of their distance from a connection point. While this 
was critical in terms of project costs in ELIPTIC, it could still be more cost effective than the 
public network in actual cases. 
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C.2: Use of metro sub‐station for (re)charging TfL support fleet 
vehicles (e‐cars & e‐vans) and zero emission capable taxis (rapid 
charging hubs) 

Originally Pillar C activity was envisaged as a desk based case study. However, once it 
became apparent it would not be possible to conduct a live demonstration pilot under Pillar A 
a change request was submitted and Pillar C became a live pilot on the use of the Underground 
network to power recharging infrastructure for smaller vehicles. Work in the Pillar A and the 
early stages of Pillar C had identified potential legal issues around reselling of electricity to 
third parties such as taxi drivers or to third party premises. 

The LU power network is designed and maintained to very high reliability (redundancy) 
standards (more reliable than the public electricity distribution network) but the power it 
supplies can be of lower quality than that the public network delivers depending on proximity 
to transformer rooms which rectify alternating current to DC traction current. Train operation 
cause frequent spikes and troughs in voltage and current. To demonstrate the viability of 
charging EVs from the LU network both these factors needed to be addressed. Therefore, the 
overall purpose of the demonstration was twofold; firstly to show that the LU AC low voltage 
network could power the charging infrastructure without causing damage to it or the EVs and 
secondly that the charging did not in any way impact on the reliability or performance of the 
LU power grid. 

To achieve these outcomes, it was decided to conduct the pilot by replacing six of the London 
Underground diesel-fuelled car based vans from TfL’s Lillie bridge depot with fully electric vans 
of a similar size with appropriate load capacity and operational performance. Lillie Bridge was 
selected for the demonstration for a number of reasons; the engineers based at the depot used 
vehicles which could be directly replaced with full electric vehicles while delivering the same 
duty cycle, the depot is immediately adjacent to the LU network (railway and power lines), it 
hosts LU electricity grid transformer room and switch equipment and the depot had the space 
available to install the charging infrastructure.  

For the demonstration three double-headed fast charge (32A, 7kW) AC charge points were 
procured from Chargemaster and six diesel powered vans in the TfL support fleet which had 
reached the end of their useful life were replaced with fully electric Renault Kangoos. A testing 
and validation programme was designed in consultation with LU power engineers to prove 
charging at various levels from one vehicle trickle charging to six vehicles drawing the full 7kW 
simultaneously had no adverse effects on the LU grid.    

In parallel with the live pilot, project work was undertaken to understand the relative economics 
of a solution based on the LU grid compared to a solution drawing its electricity from the normal 
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public distribution network. This aspect of the study also considered the capacity available on 
the LU grid to support overnight charging of relatively small vehicle such as cars and small to 
medium sized vans. 
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4. Methodology  

A.2: Opportunity (re)charging of ebuses and/or plug-in hybrid 
buses (using metro infrastructure) 

Initially work in this pillar focused on a feasibility study around the possibility of delivering a live 
demonstration of recharging of electric buses. The decision to focus on depot-based charging 
was based on the current approach in TfL of minimising complexity by focusing on depot-
based charging. Also given the available budget within ELIPTIC and high cost of roadway 
excavations to install new cabling (~£300/linear m of excavation as an approximation) in 
London, it was determined that to be viable a suitable bus depot would need to be located 
within 100m of a connection point to LU grid. 
 
However, in the course of this work it became apparent that while it was technically possible 
to undertake such a demonstration at a small (two or three bus) scale and that several suitable 
bus garages close to LU power infrastructure had been identified, legal and contractual issues 
would prevent this happening within the timescale of the ELIPTIC project. The demonstration, 
with the same overall objective of showing the LU AC grid could be safely used to recharge 
EVs, was switched to Pillar C. 
 
However, the full feasibility study for implementing such a scheme at selected garages for 
overnight charging and on certain bus routes for in service opportunity charging was still 
completed in pillar A. Work was also undertaken to understand the requirements from on route 
demand based charging, this included modelling of the demand for power on certain routes 
along with an initial appraisal of where possible opportunity charging stations were in close 
proximity of LU power infrastructure. 
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Figure 4: Pillar A use case logic 

 
Once it became apparent that contractual and legal issues could not be resolved within the 
timeframe of ELIPTIC, effort switched from the planned overnight bus charging demonstration 
to a desk based exercise to model electricity demand based on real bus specification, 
performance data and route characteristics. This built on TfL’s experience of overseeing one 
of the largest electric bus fleets in Europe, detailed knowledge of the geographic 
characteristics and on-route performance requirements and utilised the electric bus route 
modelling simulations of RWTH Aachen. Within this activity the logic shown in Figure 4 still 
apply – however the analysis did not consider legal and contractual issues.  
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C.2: Use of metro sub‐station for (re)charging TfL support fleet 
vehicles (e‐cars & e‐vans) and zero emission capable taxis (rapid 
charging hubs) 

Initially work in Pillar C was planned to focus on understanding the wider applicability of the 
use of the LU AC electricity network to the recharging of small electric vehicles such as taxis 
and private hire vehicles (‘minicabs’ – of which almost 110,000 operate in London) and the 
cars, vans and small commercial vehicles operated by the public sector within the city. Once 
it became apparent it would not be possible to conduct a live demonstration of the use of LU 
infrastructure to supply electricity for vehicle recharging in pillar A the decision was made to 
conduct such a pilot in Pillar C.  

 
Figure 5: Pillar C use case logic 

 
Similar considerations around the costs of installing new cabling in the streets of London as 
were described for Pillar A applied. However, as many fleet vehicle garages are co-located at 
TfL sites directly alongside the LU rail network this proved to be less of a constraint than was 
the case with bus garages. Work then focused on identifying fleet garages where a number of 
car sized vans were due for replacement, available electric vehicles met the use requirements 
of the vans to be replaced, space existed for the installation of EV charging bays and the local 
LU AC grid had sufficient capacity to support up to six 7kW chargers operating simultaneously 
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at any time of day or night. As a result of these studies, Lillie Bridge depot was selected to host 
the demonstration. Three double-headed 7kW charge points were procured, installed and 
connected to the LU AC LV network. Acceptance of this installation then depended on 
completing a programme of testing designed in collaboration with LU’s electrical engineers. 
 
Prior to commencing the connection of vehicles to the chargers a programme of baseline 
measurements were conducted by LU to determine the state of the power system before the 
demonstration began. Following on from this a testing programme of different demand 
recharging schedules was implemented building from a single vehicle trickle charging to six 
vehicles drawing full power (7kW) simultaneously.     
 
SWOT analysis methodology  

The Strength, Weakness, Opportunity and Threat (SWOT) analysis within ELIPTIC is based 
on the qualitative data provided by the use-cases with regard to their particular technology 
concept. The core of the data was obtained via a structured questionnaire and semi-structured 
interviews. Through the comprehensive questionnaire, data regarding the viability of the 
technology in the city/use case specific framework were acquired. The subsequent interviews, 
as follow-up of the questionnaire, were targeted to clarify and validate the answers given so 
far and to discuss unclear issues and to collect further information. The obtained data was then 
validated twice; by use case representatives and independently by the project’s internal 
experts. 

The results included in this use-case report were selected by the SWOT analysis team from 
the complete set of the analysis results as being the most significant and characteristic of the 
present use case. The complete set of SWOT results, as well as an in-depth analysis of their 
implications in ELIPTIC can be consulted in the separate report of D3.5: Technological Viability 
Evaluation. 

The SWOT analysis is one of the most frequently used tools for strategic planning. The 
underlying logic of a SWOT analysis is to group the internal, i.e. strength and weaknesses, 
and external issues, i.e. opportunities and threats. In doing a SWOT analysis for the innovative 
technology concepts, which are not in use yet, drivers, barriers and prospects in respect of the 
new technology concepts to support decision makers (and cities) shall be identified. Doing so, 
the SWOT analysis is conducted on two levels: a) a SWOT analysis for each use case in its 
respective setting and b) a cross use case analysis comparing different SWOT evaluations 
between the use cases within the respective technology clusters. Strength, weaknesses, 
opportunities and threats are subsequently described in the SWOT analysis, taking the 
information into account, obtained in the use case snapshot. Results were then further sorted 
into four main thematic evaluation categories: Technology, Operation, Financial, and Society 
and Environment (coherently with the KPI evaluation categories of task 3.1 and 3.3). 
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Recommendations for the technology concepts are derived by defining distinct strategies for 
the combination strengths-opportunities, strengths-threats, weaknesses-opportunities and 
weaknesses-threats. 

Process evaluation methodology 

The process evaluation of ELIPTIC assessed project activities in order to identify barriers and 
drivers during the implementation phase of all use cases. Data was collected through surveys, 
individual semi-structured interviews (face-to-face and via telephone) as well as pillar-specific 
focus groups, with use case managers and local evaluation managers. The interviews and 
focus groups were held at different stages throughout the project; the start of the project, the 
interim stage and the final stage. The questions were adapted to the particular project phases, 
and focused on status, impacts, successes and problems in the implementation of use cases. 
All interviews and focus groups requested critical reflection on project processes as well as 
recommendations from use case and evaluation managers. Before data analysis, the data was 
encrypted to protect the informers’ identities. Using the Qualitative Data Analysis software 
NVivo, all interviews and focus group notes were thoroughly assessed and coded. Patterns in 
the data were identified and similar statements were sorted into drivers and barriers within the 
following categories: 
 
Cooperation and Communication; Operation; User Perceptions; Spatial planning; Financial 
Framework; Political Framework; Regulatory Framework; Environmental Conditions.  
 
As part of the data analysis, the frequency of occurrence of key themes in the data was counted 
in order to indicate the relevance of the respective themes. The findings of the process 
evaluation portray drivers and barriers on a use case cluster level that were agreed upon with 
the other supporting partners University of Gdansk (Cost-benefit analysis) and Siemens 
(SWOT-analysis): I) In-motion charging (Pillar A / trolley-hybrid cluster), II) opportunity 
charging (Pillar A cluster), III) Energy storage and optimization of energy use (Pillar B cluster) 
and IV) Multi-purpose use of electric PT infrastructure (Pillar C cluster). The findings will serve 
as the basis for information and recommendations for other European cities in the 
implementation of electric public transport measures. 
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5. Main evaluation results  

A.2: Opportunity (re)charging of ebuses and/or plug-in hybrid 
buses (using metro infrastructure) 

Policy Context 

Work in Pillar A.2 by TfL focused on investigating the technical feasibility of electrifying London 
buses using electricity sourced from the LU rail network. There are currently over 9,000 buses 
in London’s fleet, of which around 25% are single deck and 75% double deck. Currently within 
the fleet there are around 100 pure electric buses (5 double deck on trial with the remaining 
single deck vehicles in full service). Bus routes with all-electric vehicles include the 507, 521 
and 312. Routes 98, H98 and 108 have a smaller proportion of electric vehicles together with 
conventional combustion-engine buses. The contract award for three further central London 
single deck routes (46,153, and 214) moving to fully electric was announced on 5th July 2017.  

The Mayor’s Transport Strategy1 sets TfL the challenge of delivering a completely zero 
emission bus fleet by 2037. From 2018 all new double deck buses will be hybrid, electric or 
hydrogen. In central London all double deck buses will be Euro VI hybrid by 2019 and all new 
single deck buses will emit zero exhaust emissions by 2020. Vehicle technology is developing 
and has the potential to enable this aspiration to be realised. Manufacturers continue to 
develop products based on TfL’s requirements, with the costs likely to reduce in due course 
due to order volumes, production ramp-up and economies of scale. TfL is currently trialling 5 
double deck prototype fully-electric buses, but currently there is no viable electric double deck 
solution on the market. There are legal weight limitations with some manufacturer’s designs 
that need to be resolved before they can be introduced. This is particularly the case if overnight 
charging at the depot is to be the principal power source as very significant battery capacity 
(possibly leading to lower passenger capacity) would be required to have sufficient energy 
storage for a full day of operation.  

Even when suitable buses are available, converting the entire London bus fleet will place a 
demand on the electricity network within the city approximately equivalent to the traction 
current used by the Underground of 1TWh per year. There is already considerable pressure 
on the distribution system from the demands of the non-transport economy in certain areas. 
This has lead TfL to investigate the extent to which its own private AC high and low voltage 
electricity infrastructure could be used to support the electrification of surface transport such 
as buses. TfL are seeking to address this significant risk, in parallel with the ELIPTIC project. 
TfL is working with the Distribution Network Operators to analyse power supply options and 
costs for bus garages across London, supplied by (and connected to) the national grid. 
However, past experience has shown that in some cases high capital costs may render DNO 
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connections harder to justify and/or make a viable business/investment case. This is where 
the ELIPTIC solution may offer an alternative solution. 

Geographic Factors 

Discussions with TfL engineers showed that one of the principal cost factors involved in 
electrification of bus garages or installation of on route opportunity charging equipment will be 
the distance the EV charging station is from the electricity grid connection supplying it. 
Estimates vary, but an approximate cost of laying new cabling in the street is of the order of 
£300/m for a problem-free installation. As a result, one of the prime determinants of viability of 
the ELIPTIC solution will be the relative positions of the Underground power infrastructure and 
the charging location. 

Case Studies 

In general, the LU electricity infrastructure is co-located in linear alignment with railway lines. 
While in some cases this follows the line of surface streets (largely with the Sub Surface 
Railway – SSR, as opposed to deep tube lines), this is not always the case. In order to 
understand the possible synergies between the LU power infrastructure and the requirement 
for electric bus charging, comprehensive GIS mapping and analysis was undertaken. 
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Figure 6: Bus routes and example LU AC Grid access locations 

From this analysis it was possible to identify a number of routes which may have suitable 
connection points to the LU AC supply for either depot-based overnight charging or a mixture 
of overnight and on route opportunity charging. Route 74, which runs from Putney Exchange 
to Baker Street using buses based at Putney Garage, was selected for detailed analysis of the 
viability of using such a solution. The route is 11.27km long, used by over 5.2 million 
passengers a year and the buses serving it cover over 1.1 million km per year. This route also 
presents a particular challenge in terms of electrification in that is one of London’s night bus 
services operating around the clock.  
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Figure 7: Bus Route 74 

 

 

 

 

 

 

Table 1: Peak Vehicle Requirement (PVR), km operated & passenger usage 

Table 2: Route 74 Bus frequencies 
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Although the peak vehicle requirement is 21 buses, in total 25 buses are used to deliver the 
service allowing for Vehicle off Road (VOR) incidents and scheduled maintenance. In order to 
determine the feasibility of replacing these 25 buses with fully electric ones supplied with 
electricity from the LU grid, three scenarios were considered:  

 New 320+kWh battery capacity (such as the BYD DD eBus) 

 BYD DD bus with 16% battery degradation 

 New BYD DD bus with battery supplying power to Heating, Ventilation & Air 
Conditioning (HVAC).  

Annex 1 sets out the bus duty cycles for the vehicles used on route 74.  

As can be seen from Annex 1, duty cycles for individual vehicles vary considerably as of course 
will time in the depot. Under the first scenario, as can be seen from the table in Annex 2, all 
the vehicles with new batteries could deliver their complete current duty cycles with just 
overnight charging, with many vehicles not requiring charging every night. The fleet could be 
charged with 21 80kW chargers resulting in a total energy peak demand of 1.7MW and initial 
investigations indicate this would be available from the LU grid during the night time period 
when most tube train operations are shut down (approx. midnight to 5am). Assuming double 
connections to each bus (2 x 80kW), four hours would be required to deliver a full charge to 
an empty bus.  

However, as batteries age and loose capacity several of the higher usage vehicles can no 
longer complete their duty cycles as can be seen from the data presented in Annex 3. Though 
even with degraded batteries only two buses, 155 and 162, would definitely require more than 
the full battery capacity and 13 would then result in greater than an 80% discharge of the 
battery by the end of the day. While it may be possible to manage this and avoid regular deep 
discharge of the same batteries by varying the duty cycles of particular vehicles, the use of 
end of route opportunity charging could also provide a solution.  

Detailed examination of the operational schedules of the high-use vehicles show they each 
spend at least 8 minutes and an average of 13 minutes on each circuit of the route at Baker 
Street, the northern end of the route furthest from the garage. This location is adjacent to Baker 
St Underground station where a suitable connection to the LU grid is potentially capable of 
supporting a 300kW pantograph charging system. As Shown in Annex 4, if each of the 15 
buses on the most demanding duty cycles charge for 8 minutes (with 40 kWh or 12.5% of 
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nominal storage capacity delivered), all could complete their duty cycles. 

More frequent opportunity charging would also open the possibility of using smaller batteries 
on all Route 74 buses which would generate considerable savings in the initial capital cost of 
the vehicles. 

In addition to these scenarios a third case was considered, including HVAC energy 
consumption with aged & degraded batteries. Based on operational data combined HVAC and 
traction power would result in energy consumption of approximately 3.37 kW/km. In this 
scenario none of the buses operating on this route could deliver their daily duty cycles with a 
single overnight charge. This data is presented in Annex 5. 

However, with the use of opportunity charging of at least 8 minutes Table 5 describes the end 
of day state of charge of batteries after given numbers of opportunity charges during the day. 
As can be seen all buses could complete their duty cycles with opportunity charging on no 
more than half of journeys, assuming buses charge for closer to the average 13 minutes dwell 
time.  

BUS 
No 

Total 
Trips 

Km 

CO2 
emission 
Diesel 
(1429.5g/
km) 

CO2 
emission 
Electric 
(709g/km) 

CO2 
reductions 
from 
Diesel to 
Electric 

NOx  
(15.455 
g/km) 

PM  
(0.028 
g/km) 

FC  
(0.541 
l/km) 

44 4 45.1 64415 31949 32467 696.4 1.3 24.4 

41 4 45.1 64415 31949 32467 696.4 1.3 24.4 

42 4 45.1 64415 31949 32467 696.4 1.3 24.4 

43 4 45.1 64415 31949 32467 696.4 1.3 24.4 

152 9 101.4 144935 71884 73050 1567.0 2.8 54.9 

154 9 101.4 144935 71884 73050 1567.0 2.8 54.9 

161 9 101.4 144935 71884 73050 1567.0 2.8 54.9 
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156 10 112.7 161039 79872 81167 1741.1 3.2 60.9 

167 10 112.7 161039 79872 81167 1741.1 3.2 60.9 

170 10 112.7 161039 79872 81167 1741.1 3.2 60.9 

159 12 135.2 193246 95846 97400 2089.3 3.8 73.1 

160 12 135.2 193246 95846 97400 2089.3 3.8 73.1 

151 13 146.4 209350 103833 105517 2263.4 4.1 79.2 

153 14 157.7 225454 111820 113634 2437.5 4.4 85.3 

158 14 157.7 225454 111820 113634 2437.5 4.4 85.3 

163 14 157.7 225454 111820 113634 2437.5 4.4 85.3 

164 14 157.7 225454 111820 113634 2437.5 4.4 85.3 

166 14 157.7 225454 111820 113634 2437.5 4.4 85.3 

168 14 157.7 225454 111820 113634 2437.5 4.4 85.3 

171 15 169.0 241558 119807 121751 2611.6 4.7 91.4 

157 15 169.0 241558 119807 121751 2611.6 4.7 91.4 

165 15 169.0 241558 119807 121751 2611.6 4.7 91.4 

169 15 169.0 241558 119807 121751 2611.6 4.7 91.4 

155 17 191.5 273766 135782 137984 2959.8 5.4 103.6 

162 18 202.8 289869 143769 146101 3133.9 5.7 109.7 

Total  289 3255.7 4654016 2308288 2345728 50316.8 91.2 1761.3 
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Table 3: Per day environmental benefits of electrifying route 74 

While each bus route will place different demands on the vehicles operating on them, this study 
indicates a combination of depot-based overnight full charging and short duration on route 
charging means even on relatively high frequency routes though busy London streets electric 
buses charged by infrastructure connected to the LU AC grid are feasible.  

Electrification has clear environmental benefits as can be seen from the data presented in 
Table 3; on this one route offering a daily saving of over 2 tonnes of CO2. 

Whilst Pillar C has demonstrated that EV charging equipment can be successfully connected 
to, and operate powered by, the LU AC grid with no adverse impact on LU operations, further 
work will be required to bring about changes in LU operating standards to allow the scale of 
use of the LU AC grid discussed in this use case study and understand the legal issues 
surrounding the use and sale of electricity by TfL. 
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SWOT analysis results 

Strength Weakness 

 Reliability of the metro power grid is more 
resilient/reliable than the public distribution grid 

 Supplying charging points with energy from the LU 
power grid has no adverse effects on the bus 
operation/timetable (precondition) 

 Technology concept is not ready for full 
commercial application, as component 
integration still needs further technical and legal 
validation, and standards are mostly manufacturer-

specific 

 Energy supply for charging points is second 
priority to the metro, which causes power 
availability issues at certain times and locations 

 Power quality within the metro power grid is 

characterized by voltage and current spikes, which 
can negatively impact the charging process 

Opportunity Threat 

 Potential negative effects can be mitigated or 
avoided by demand control, electrical 
separation, energy storage, detailed real time 
monitoring  

 Technology concept enables implementation of 
charging points in locations where a connection to 
the public distribution grid is not possible 

 The additional energy demand to charge electric 
buses can result in lower energy purchase prices 
due to a higher purchase volume 

 Funding for the implementation and operation of the 
technology concept is fully available and secure 

 Insufficient number of charging locations, with a 
reasonable proximity to a LU connection point, with 
the number constantly changing, as bus routes 
change over time, over a fixed LU power network 

 Legal framework regarding energy and grid topics 
is unfavorable, as the sale of energy to third 
parties (e.g. subcontracted bus operators) is not 
possible 

 

 

Figure 8: SWOT analysis results A.2 

While the technology has clear strengths in the reliability of the London Underground electric 
distribution network in general, certain restrictions may be present at specific locations and 
times, as certain charging points may be limited in their availability due to operational 
limitations imposed by LU operations (higher demand at peak times) or connection point 
capacity (locally installed equipment). This, together with the fact that feeding the bus network 
represents a secondary priority for the London Underground network, represent weaknesses 
that could nevertheless be overcome by devising a joint operational strategy.  

Further legal and technical studies are needed in order to determine a final setup and 
operational concept of the technology, due to present uncertainties of the legal situation and 
reselling of electricity (especially when purchased under a public procurement framework 
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contract). A possible lever could be found in the positive support road transport electrification 
receives politically, as well as in the potential for improved energy efficiency in the LU network 
and the enhanced electrification potential for the public transport fleet, which would positively 
impact the system’s operation. 

 

Process evaluation drivers and barriers: Opportunity charging 

The local implementation processes of use cases which focused on the integration of e-buses 

and opportunity charging (Pillar A - opportunity charging) were promoted by several different 

factors. Good cooperation and partnership dynamics between transport companies, 

municipalities and universities proved to be significant drivers. Partnerships worked particularly 

well where partners were also local sister organizations (i.e. municipal companies). A further 

driver was a positive local image of e-mobility, which was reflected by high passenger 

satisfaction and strong positive media support. A supportive atmosphere was also created 

through local political commitment. Several municipalities had publicly expressed their support 

for low-emission e-transport, issued air quality plans, noise reduction plans, or goals for the 

integration of electric bus fleets. Project partners valued the politically supportive atmosphere 

as a driver for incentives for public transport operators to electrify. 

However, single use cases also experienced a downside of high political commitments, as 

municipal ambitions surpassed the goals of use cases. This led to time pressure within the 

project and high burdens to staff members. Operational barriers were the most prominent 

challenge in Pillar A. Often, technological standards were insufficient to ensure interoperability; 

several project partners had difficulties finding experts and suppliers. Timely data collection 

and data processing led to unexpected delays in the operational process of use cases.  Further 

reoccurring barriers for use cases in this pillar category were of regulatory nature, including 

legal uncertainties about the sale of electricity between companies, and high bureaucratic 

burdens involved with implementing charging stations. The lack of sufficient staff qualifications 

for driving, handling and maintenance of e-buses was an additional problem in a number of 

use cases. While the current staff are to a large extent mechanics, the required staff for e-

buses are mostly electricians, with additional programming skills and expertise on e-bus 

components and safety issues. 
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C.2: Use of metro sub‐station for (re)charging TfL Support fleet 
vehicles (e‐cars & e‐vans) and zero emission capable taxis (rapid 
charging hubs). 

 
Once the decision to deliver the live demonstration of using the LU AC power network to 
recharge EVs in Pillar C rather than Pillar A had been made and confirmed, a review of the 
depots used by the TfL support fleet was undertaken. As a result of this, Lillie Bridge Depot 
was selected as it hosts suitable vehicles for direct replacement, had sufficient space available 
to install EV charging equipment and hosts LU AC grid equipment and switch rooms to which 
a connection could be made. 

Once the commercially available 7kW charging equipment was installed and connected to the 
LU AC grid, it was necessary to implement a programme of acceptance testing – the purpose 
of which was twofold. First to demonstrate the charging equipment did not introduce problems 
to the LU grid and second to prove the very high reliability but poor power quality supply from 
the LU grid would adequately power the charging infrastructure. 

Principal concerns of the power engineers focused around the possible generation of 
harmonics in the LU grid and the ability of the EV recharging points to operate from the 
inherently ‘dirty’ LU power supply. In practice the LU power supply had no adverse impacts on 
the operation of the EV charging equipment. 

It was agreed the following schedule of EV charging would be undertaken while full monitoring 
of power quality was also underway. Baseline measurements of power quality were also taken 
in the three weeks before EV charge testing commenced: 

Stage 1: 1 car trickle-charging with its battery almost full.  
Stage 2: 1 car charging from flat battery.  
Stage 3: 6 cars charging simultaneously from flat battery.  
Stage 4: 6 vehicles charging as per usual (‘as is’) duty cycle 
 
In this way risk to the LU AC power network was minimised by slowly increasing the amount 
of power required in each stage of the test. Following on from stages 1 and 2 which showed 
no impact of single EV charging on the LU power grid, stages 3 and 4 were combined into an 
18-day measurement programme. 
 
Critical factors during the testing were voltage stability and the introduction of harmonics.  

 
Site: Lillie Bridge ELIPTIC Trial 

Start: 08/03/2018 11:16 
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End: 26/03/2018 09:26 

Harmonic 
Maximum Measured 
Value (%) 

Limit (%) Analysis 

V3 1.03 6 ok 

V5 2.33 8 ok 

V7 0.82 7 ok 

V11 1.57 5 ok 

V13 1.39 4.5 ok 

VTHD 2.87 10 ok 

 

Table 4: Harmonics monitoring; 10-minute mean values 

From the 18 days’ measurements carried out is evident that there were no breaches on any 
of the Harmonic limits. It can be concluded at this stage that the Harmonic level of the electric 
vehicle charging is compliant with the BS EN 61000-4-2 limits and does not cause any 
operational issues to the Lillie Bridge depot electrical network. 

 
Voltage stability requirements were as follows: 
 

 The nominal voltage at each Delivery Point (DP) shall be 400V measured between 
the phase conductors and 230V measured between the phase and neutral 
conductors. 
 

 And that the System shall be such that the voltage variation at the Delivery Point 
shall be between +10% to +2% of the nominal voltage. 
 

 95% of 10-minute average voltage readings shall be 400/230V +10% to +2% and 
100% of readings 400/230V +10% to 0%.  

 

 Voltage unbalance is Class 2 of EN61000-2-4 giving a maximum of 2% Uneg/Upos. 
(U2 computed according to EN61000-4-30 Clause 5.7 Class A). 

 
Lillie Bridge ELIPTIC Voltage Stability Trial 

Start Date 8/3/18 Start Time 11:16    

End Date 26/3/18 End Time 09:26    

Measurement 
Period 

17.92 days      

 V1 V2 V3 V L1-L2 
 

 

V  L2-L3 V L3-L1 

Min 229.2 227.6 227.9 395.6 395.3 396.0 

Max 238.3 236.7 236.9 411.0 409.7 410.8 

Breaches Low 
(<+2%) 

1806 3101 3000 3140 3478 3103 

Breaches Low 
(<0%) 

6 242 128 231 560 173 
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Breaches High 
(>+10%) 

0 0 0 0 0 0 

% Breaches Low 
(<+2%) 

34.98% 60.06% 58.11% 60.82% 67.36% 60.10% 

% Breaches Low 
(<0%) 

0.12% 4.69% 2.48% 4.47% 10.85% 3.35% 

% Breaches High  0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

 

Table 5: Voltage Stability Monitoring; 10-minute mean values 

 

 
Figure 9: Voltage Monitoring Lillie Bridge EV Trial 

 
From the measurements carried out in the Transplant switch room main incomer busbar 
chamber reported in Table 5 and illustrated in Figure 8, it is evident that while no high 
voltage events were recorded there were a significant number of low voltage supply 
breaches, falling far outside the required standard. However, further investigation has 
shown the low voltage supply breaches are due to the pre-existing generally low voltage 
of the supply to which the charging infrastructure is connected and not related to the EV 
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charging. It is proposed to change the tapping on the auxiliary transformers to rectify this 
issue. 
 
As a result of this trial showing small scale EV charging causes no major issues to the LU 
power grid, the demonstration site has been accepted into normal service and will provide 
recharging facilities to electric vehicles from the TfL support fleet. In particular the six 
Renault Kangoos now based at Lilli Bridge depot in the long-term result in an annual saving 

of approximately 13.5 tonnes of CO2 at the tailpipe.  

 

SWOT analysis results 

Strength Weakness 

 Charging points supplied by the metro power grid 
have a higher reliability compared to the public 

distribution grid  

Implementation of technology concept pushes the 
adoption of electric vehicles, indirectly leading to a 
reduction of transport related environmental 
impacts  

 Technology concept is not ready for full 
commercial application, since application of 
available components in this concept is still too 
innovative 

 Energy supply for charging points is second 
priority within the metro power grid, which could 
cause power availability issues (time and location 

specific) 

Power quality within the metro power grid is 

characterized by voltage and current spikes, which can 
negatively impact the charging process 

Opportunity Threat 

 Combination of park & ride strategies with   
supplied by the metro grid have the potential to 
increase public transport coverage 

 Legal framework with regard to environmental 
topics is favorable for the technology concept 

(implementation of London Ultra Low Emission Zone, 
etc.) 

(Local) politics and authorities are supporters, 
having a high influence on the implementation of the 
technology concept, whereas it is mainly limited to 
technical support and the transfer of know-how 

 Funding is only partly available or not fully 
secure, main funding sources being EU-funding, 
public national funding and municipal funding 

 Realization of a positive business case is 
currently unclear 

Legal framework for energy and grid is unfavorable 
the concept, as energy market regulations currently 
do not allow charging third party customer electric 
vehicles (paid service) with electricity from the 
metro power grid, with no changes in the legal 
framework expected in the short-term 
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Figure 10: SWOT analysis results C2 

The technology concept’s strengths are clearly identified as benefitting from the London 
Underground (LU) grid’s higher reliability, as well as the concept’s potential to boost the 
electrification of London’s vehicle fleet, together with the derived environmental implications. 
Regulatory issues, however, still represent a considerable barrier to implementation. Among 
these, the current restriction to commercialise LU energy strongly affects the technical 
feasibility of the concept, and it limits the opportunities of the application’s possibilities, among 
which the extension of the network’s coverage via park & ride can be counted. Other perceived 
weaknesses of the technology concept include the energy quality (current and voltage spikes, 
harmonics) and its lower prioritization to charge vehicles. 

Visible opportunities of the concept can be seen in the support from local politicians and 
authorities due to the positive environmental balance of the application, which could help 
leverage some of the identified regulatory threats. Finally, a positive application case could 
arise from focusing on charging Transport for London’s own vehicle fleet as a first stage. 

Process evaluation drivers and barriers: Multi-purpose use of electric PT 
infrastructure 

The use cases focused on multi-purpose use of electric public transport infrastructure (Pillar 
C) faced mostly regulatory challenges. The legal uncertainty of the sale of electricity was the 
most prominent issue for all use cases. In several countries, the legality of energy and fiscal 
issues concerning the use of electric transport infrastructure are not clearly defined. In some 
use cases, the sale of electricity was tolerated temporarily, despite being only partially legal. 
In other cases, new laws on this issue were in the process of being formulated, however this 
is a lengthy and ongoing procedure, which led to further uncertainties and delays in the 
implementation of use cases. For one use case, however, the sale of electricity did not pose a 
legal problem. In this particular city, the sale of electricity works through a licensing system, 
with which the use case partners were already experienced.  

Other legal uncertainties for use cases were caused by the lack of billing regulations for pricing 
of energy and service, as well as for the measurement of energy input into electric vehicles. 
Further difficulties were the determination of charging sites due to restricting infrastructure 
regulations, and the lack of available devices that allowed the use of existing PT networks for 
charging purposes. Some drivers for Pillar C use cases were infrastructural advantages in the 
installation of charging points. For instance, where public parking spaces are managed by the 
city, site determination for charging points is facilitated and building permissions are 
unnecessary, which reduces the regulatory burdens for use cases to a large extent. 
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6. Follow-up after the Use Case 

London as a city is strongly committed to reducing the environmental impacts, in particular air 
pollution, of surface transport. While ELIPTIC has had no effect on this political will it does 
directly address one of the potential barriers to rapid progress in the electrification of surface 
transport, the supply and distribution of the necessary electricity. 

Work undertaken in Pillar C demonstrated that the LU AC electricity grid can be safely used to 
recharge electric vehicles with no adverse effects on tube train operations. Charging 
infrastructure (ELIPTIC funded) will remain connected to the LU power grid and will be the 
principal source of charge for six fully electric Renault Kangoo vans which were initially leased 
to undertake the testing of the ELIPTIC solution. Both the charging infrastructure and the vans 
will be integrated into normal day to day operations based at Lillie Bridge Depot. These vans 
will be used by LU engineers in the course of their day to day duties and are direct 
replacements for six diesel powered vans which have now been retired from the TfL fleet.  

It is unlikely the ELIPTIC Pillar C solution will be adopted as the normal preferred option for 
recharging small public transport surface vehicles such as the support fleet, taxis and private 
hire cars since the LU grid in many of the locations these vehicles require charging either lacks 
spare capacity, is inaccessible or simply not present within a viable distance to connect to. 
However, the work undertaken in Pillar C has demonstrated there are circumstances in which 
using the LU AC network is both safe and economically viable. The use of the LU network to 
power taxis would require extensive further investigation to determine the geographic 
distribution and temporal variation in power demand. There is nevertheless a strong case to 
be made for adopting the ELIPTIC solution at TfL-owned locations where vehicles are based 
and a suitable connection point into the LU network exists.   

Work in pillar A identified the possibility of smoothing TfL’s electricity demand throughout the 
day by using the LU electricity distribution infrastructure to deliver the electricity required for 
overnight, depot based, charging of buses. 

As a direct result of these findings TfL are in discussions to consider a large scale trial of using 
the LU electricity grid to recharge fully electric buses. This possible trial is far larger in scope 
than was proposed under pillar A of ELIPTIC. If this project is successful it would open the 
possibility of wider use of the LU power infrastructure to support electric bus charging across 
London. 

Looking to the future the overall concept behind TfL‘s involvement in ELIPTIC, the safe 
recharging of EVs from the LU power network - while having no adverse impact on LU 
operations, has been advanced to TRL7/8. Further work is required (as described above) to 
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scale the solution to one that has significant impacts on the electrification of surface transport 
in London. Much more work is also required to fully understand the legal and contractual issues 
around such use of the LU power network which proved to be far beyond the scope of ELIPTIC 
to address.    
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7. Conclusions 

A.2: Opportunity (re)charging of ebuses and/or plug-in hybrid 
buses (using metro infrastructure) 

Although contractual and legal issues prevented TfL from undertaking a demonstration project 
under Pillar A the desired outcomes have been largely achieved. Work in Pillar C has shown 
that EV charging equipment can be connected to LU AC electricity grid successfully with no 
adverse effects on underground rail operations. This finding should encourage operators of 
other AC powered transport electricity infrastructure to investigate the spare capacity within 
their networks to support the electrification of road vehicles. 

Calculations indicate complete electrification of London’s bus fleet would require 
approximately the same energy as is needed to supply the underground rail network. Clearly 
therefore the underground power network is not a viable solution for electrification of all London 
buses. It is also apparent that capacity to support anything other than underground rail 
operations is highly variable across the underground network. In some places sufficient spare 
capacity exists to support charging of EVs at any time, in others only overnight charging when 
demand from the underground is low and in other places no spare capacity exists. Hence it is 
not possible to make any general statements about the capacity of the LU grid to support EV 
recharging. Each potential charging location would need to be investigated individually with 
consideration given to demand from both the road vehicles and the underground system.  

However, it is clear that the LU grid could have the capacity to supply the power required for 
either part or all of individual bus stations and garages and on route charging installations if 
the charging location is suitably close to a connection point into the grid. In every case 
geographic and economic factors will ultimately be as important in determining the viability as 
is the demand profiles. Length of connection between the LU (or DNO) connection point and 
charging infrastructure represents one of major cost components in any new grid connection. 

GIS mapping has demonstrated there are a considerable number of locations, particularly in 
central London, where bus depots and/or bus routes are within close proximity of points where 
the LU AC power grid is potentially readily accessible. Detailed analysis has shown that electric 
buses on certain routes could deliver the required level of service when powered from the 
London Underground network. LU recognises the benefit of conducting a large-scale trial of 
supplying electricity for recharging buses. Such a demonstration is under discussion and it is 
hoped this could be delivered during 2018/19. The ELIPTIC project has played a major role in 
bringing about this change of use of the LU AC power supply. Some legal aspects remain to 
be resolved around the use and/or reselling of electricity supplied to LU grid for purposes other 
than powering the tube, such as commercial bus operators. These will be investigated further 
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in both the proposed further trial and possible future research projects. 

C.2: Use of metro sub‐station for (re)charging TfL Support fleet 
vehicles (e‐cars & e‐vans) and zero emission capable taxis (rapid 
charging hubs) 

The demonstration undertaken under pillar C has shown that in the right circumstances the 
existing LU AC power grid can be used to support the charging of electric vehicles. Standard 
off the shelf EV charging equipment is able to function normally when connected to LU AC grid 
which, while considerably more reliable than the public distribution network is potentially a 
‘dirtier’ supply in terms of voltage stability. It has been shown that any likely use of such 
equipment, at least at the scale of the demonstration, has no detrimental effects on the 
operation of the London Underground rail system or the power infrastructure which supports 
it. 
 
While the pillar C solution proved viable at TfL’s Lillie Bridge depot it is not possible to make 
general statements about the ability of the LU AC grid to support EV charging. Although such 
general statements were envisaged at the planning stage of ELIPTIC it has become apparent 
during the work in both pillars A and C that each possible location will need to be considered 
individually. Several factors contribute to this being the case. Geographic proximity of the 
charging location to the LU network is critical given the high cost of excavating roads in London; 
this will favour many of the TfL depots where support fleet vehicles are based as they tend to 
be LU depots directly adjacent to the underground rail and power lines. It has also been found 
that many roads in central London, and so bus routes, run along the same alignment as some 
of the underground rail system. However, the second factor that must be considered is 
accessibility of the LU grid infrastructure. While many of the fleet vehicle locations also host 
surface power infrastructure such as substations or switch rooms much of the infrastructure, 
particularly in central London, is buried deep under the streets in stations or tube tunnels. Only 
a site by site evaluation can prove or disprove the viability of making a particular connection at 
a particular charging location. The final factor to be considered is power availability. This varies 
across the LU grid, which in some areas is currently operating close to design capacity in some 
has surplus power availability at certain times of day or night and in other areas could support 
a significant EV charging installation without any restrictions. 
 
Going forward with the electrification of the TfL support fleet, the ELIPTIC solution will be one 
to consider at each location. In some cases a DNO connection will prove to be the most 
economically beneficial, in other the ELIPTIC solution will be the better choice. 
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8. Annexes 

 
Annex 1 
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 Individual duty cycles for Route 74 buses 
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Annex 2 

 

BUS 
No 

Number 
of  
charges 
 per day 

% Battery 
Consumed 
 per day 

% Battery 
Remain 
 per day 

hours to fully 
recharge 

Days that can be 
used  
without 
recharging 

44 0.21 21 79 0.8 4.7 

41 0.21 21 79 0.8 4.7 

42 0.21 21 79 0.8 4.7 

43 0.21 21 79 0.8 4.7 

152 0.48 48 52 1.9 2.1 

154 0.48 48 52 1.9 2.1 

161 0.48 48 52 1.9 2.1 

156 0.53 53 47 2.1 1.9 

167 0.53 53 47 2.1 1.9 

170 0.53 53 47 2.1 1.9 

159 0.63 63 37 2.5 1.6 

160 0.63 63 37 2.5 1.6 

151 0.69 69 31 2.7 1.5 

153 0.74 74 26 3.0 1.4 

158 0.74 74 26 3.0 1.4 
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163 0.74 74 26 3.0 1.4 

164 0.74 74 26 3.0 1.4 

166 0.74 74 26 3.0 1.4 

168 0.74 74 26 3.0 1.4 

171 0.79 79 21 3.2 1.3 

157 0.79 79 21 3.2 1.3 

165 0.79 79 21 3.2 1.3 

169 0.79 79 21 3.2 1.3 

155 0.90 90 10 3.6 1.1 

162 0.95 95 5 3.8 1.1 

 

Bus performance scenario 1: New full capacity batteries supplying traction power only 
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Annex 3 
 
Considering a 16% of battery degradation over the lifetime 
(268.8 KWh) 

 

BUS No 

Number 
of  
charges 
 per day 

% Battery 
Consumed 
 per day 

% 
Battery 
Remain 
 per day 

hours to 
fully 
recharge 

Days that 
can be 
used  
without 
recharging 

 
44 0.25 25 75 1.0 4.0 

 
41 0.25 25 75 1.0 4.0 

 
42 0.25 25 75 1.0 4.0 

 
43 0.25 25 75 1.0 4.0 

 
152 0.57 57 43 2.3 1.8 

 
154 0.57 57 43 2.3 1.8 

 
161 0.57 57 43 2.3 1.8 

 
156 0.63 63 37 2.5 1.6 

 
167 0.63 63 37 2.5 1.6 

 
170 0.63 63 37 2.5 1.6 

 
159 0.75 75 25 3.0 1.3 

 
160 0.75 75 25 3.0 1.3 

 
151 0.82 82 18 3.3 1.2 
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153 0.88 88 12 3.5 1.1 

 
158 0.88 88 12 3.5 1.1 

 
163 0.88 88 12 3.5 1.1 

 
164 0.88 88 12 3.5 1.1 

 
166 0.88 88 12 3.5 1.1 

 
168 0.88 88 12 3.5 1.1 

 
171 0.94 94 5.7 3.8 1.1 

 
157 0.94 94 5.7 3.8 1.1 

 
165 0.94 94 5.7 3.8 1.1 

 
169 0.94 94 5.7 3.8 1.1 

 
155 1.07 107 -7 4.3 0.9 < 1 day 

162 1.13 113 -13 4.5 0.9 < 1 day 

 

Bus performance scenario 2: degraded battery, traction power only 
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Annex 4 
 

BUS No 

% Battery  

Consumed 
 (Only overnight 
charging) 

% Battery  

Consumed 
if charged one at 
Baker Street 

% Battery  

Consumed 
if charged twice 
at Baker Street 

159 75 60.6 45.7 

160 75 60.6 45.7 

151 82 66.8 52.0 

153 88 73.1 58.2 

158 88 73.1 58.2 

163 88 73.1 58.2 

164 88 73.1 58.2 

166 88 73.1 58.2 

168 88 73.1 58.2 

171 94 79.4 64.5 

157 94 79.4 64.5 

165 94 79.4 64.5 

169 94 79.4 64.5 

155 107 92.0 77.1 

162 113 98.3 83.4 
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Bus performance scenario 3: High utilisation buses with opportunity charging, traction 
power only 
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Annex 5 

BUS No 

KWh 
Consumed  
adding 
heating 

KWh 
Available 

KWh 
remain 
after 1st 
Panto 
charge 

KWh 
remain 
after 
2nd 
charge 

KWh 
remain 
after 
3rd 
charge 

KWh 
remain 
after 
4th 
charge 

KWh 
remain 
after 
5th 
charge 

KWh 
remain 
after 
6th 
charge 

KWh 
remain 
after 
7th 
charge 

KWh 
remain 
after 
8th 
charge 

44 337.6 -69 -29 11.2 51.2 91.2 131.2 171.2 211.2 251.2 

41 337.6 -69 -29 11.2 51.2 91.2 131.2 171.2 211.2 251.2 

42 337.6 -69 -29 11.2 51.2 91.2 131.2 171.2 211.2 251.2 

43 337.6 -69 -29 11.2 51.2 91.2 131.2 171.2 211.2 251.2 

152 422.1 -153 -113 -73.3 -33.3 6.7 46.7 86.7 126.7 166.7 

154 422.1 -153 -113 -73.3 -33.3 6.7 46.7 86.7 126.7 166.7 

161 422.1 -153 -113 -73.3 -33.3 6.7 46.7 86.7 126.7 166.7 

156 439.0 -170 -130 -90.2 -50.2 -10.2 29.8 69.8 109.8 149.8 

167 439.0 -170 -130 -90.2 -50.2 -10.2 29.8 69.8 109.8 149.8 

170 439.0 -170 -130 -90.2 -50.2 -10.2 29.8 69.8 109.8 149.8 

159 472.8 -204 -164 -124.0 -84.0 -44.0 -4.0 36.0 76.0 116.0 

160 472.8 -204 -164 -124.0 -84.0 -44.0 -4.0 36.0 76.0 116.0 

151 489.7 -221 -181 -140.9 -100.9 -60.9 -20.9 19.1 59.1 99.1 
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Bus performance scenario 4: Opportunity charging of buses with degraded batteries 
supplying traction and HVAC current 

  

153 506.6 -238 -198 -157.8 -117.8 -77.8 -37.8 2.2 42.2 82.2 

158 506.6 -238 -198 -157.8 -117.8 -77.8 -37.8 2.2 42.2 82.2 

163 506.6 -238 -198 -157.8 -117.8 -77.8 -37.8 2.2 42.2 82.2 

164 506.6 -238 -198 -157.8 -117.8 -77.8 -37.8 2.2 42.2 82.2 

166 506.6 -238 -198 -157.8 -117.8 -77.8 -37.8 2.2 42.2 82.2 

168 506.6 -238 -198 -157.8 -117.8 -77.8 -37.8 2.2 42.2 82.2 

171 523.5 -255 -215 -174.7 -134.7 -94.7 -54.7 -14.7 25.3 65.3 

157 523.5 -255 -215 -174.7 -134.7 -94.7 -54.7 -14.7 25.3 65.3 

165 523.5 -255 -215 -174.7 -134.7 -94.7 -54.7 -14.7 25.3 65.3 

169 523.5 -255 -215 -174.7 -134.7 -94.7 -54.7 -14.7 25.3 65.3 

155 557.3 -288 -248 -208.5 -168.5 -128.5 -88.5 -48.5 -8.5 31.5 

162 574.2 -305 -265 -225.4 -185.4 -145.4 -105.4 -65.4 -25.4 14.6 
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