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The Ecology Foundation
The Ecology Foundation was established in 2007 with the intention of mobilising a
response from the business community to the twin threats of climate change and energy
security. The Ecology Foundation is now Ireland’s largest dedicated climate change and
carbon practice. Since its inception three years ago, it has established a client list of
approximately 20 Irish corporate leaders to whom it has provided advisory services. The
scope of services provided ranges from carbon footprinting to energy research; the nature
of this work contributes to the development of the sustainability agenda in those
companies.
The Ecology Foundation views the response by business in reducing their own emissions
and influencing the behaviours of their employees and customers as central in our
collective response to climate change. From the advocacy of a post-carbon society to the
commercialisation of nascent renewable technologies, The Ecology Foundation is at the
heart of the climate change response in Ireland.

Acknowledgements
The Ecology Foundation wishes to acknowledge the grant contribution from the
Department of Transport’s Smarter Travel Project Fund. Thanks to Michael Lynch of
eircom, Hugh Carroll, Andrew Graham and Enda McEntire of Topaz, Ken Jordan of the
Department of Transport and Graham Brennan of SEAI for their input to this project.
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The Executive Summary
In line with the Government’s aim to have 10% electric vehicles within the Irish fleet by
2020, this project intends to promote the early adoption of electric vehicles and charging
infrastructure in Ireland. The project proposal sits within a context of several factors
including reduction of greenhouse gas emissions, rising fuel prices, ESB’s rollout of
charging infrastructure, recently introduced government incentives for purchase of
electric vehicles, and government policy as implemented by the Department of Transport
and the Sustainable Energy Authority of Ireland.
‘Integrating Electric Vehicles into a Commercial Fleet’ is funded by eircom, Topaz and a
grant contribution from the Department of Transport’s Smarter Travel Project Fund.
eircom will procure two small and two medium-sized battery electric vans with dual
capability to receive both standard charging from a domestic electricity supply and
charging as provided at selected Topaz stations.
Topaz will install fast or DC rapid charging infrastructure at three Dublin stations in 2010.
Service stations that have been shortlisted for this project include Glasnevin, Ballymun,
Templeville, Newlands Cross and Dublin Port. Provided the infrastructure proves beneficial
to both Topaz and eircom, and provided the drivers and forecourt managers give positive
feedback on this demonstration project, Topaz will install similar infrastructure at two of
its stations on an intercity route in 2011.
The Ecology Foundation is providing project management and consultancy services for the
duration of this demonstration project which is scheduled for completion in June 2012.
This report examines the electric vans and charging infrastructure options currently
available and outlines how the project will be deployed.
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1. Introduction
On behalf of eircom and Topaz, The Ecology Foundation submitted a proposal to the
Smarter Travel Project Fund entitled, ‘Integrating Electric Vehicles (EVs) into a
Commercial Fleet’ in early September 2009.
This proposal was short-listed, and then refined following round table discussions with Ken
Jordan of the National Sustainable Transport Office (NSTO) in the Department of Transport
and Graham Brennan of the Sustainable Energy Authority of Ireland (SEAI). The proposal is
outlined in section 1.2 below.
The objective of this report is to assess the feasibility of the project details and outline
how it will be implemented.

1.1. Smarter Travel Project Fund1
To support the Government’s Sustainable Travel Policy SmarterTravel, it was pledged that
a fund to support innovative sustainable travel projects would be established. The
Minister of Transport launched the Smarter Travel Project Fund in May 2009.
The objectives of the Smarter Travel Project Fund are:
•

•
•
•

To assist the development of demonstration projects that can deliver sustainable
transport initiatives at both a national and local level, achieving real and
measurable changes in people’s travel choices and behaviour
To assist the development of demonstration projects that aim to reduce the
environmental impact of travel
To increase the capability of organisations to help deliver sustainable travel
To raise public awareness and acceptability of sustainable travel and transport
issues

The Smarter Travel Project Fund differs from the SmarterTravel Areas Competition in that
it is seeking to support individual demonstration projects that can show the positive
impacts of specific interventions. The Smarter Travel Project Fund will run over the
course of 5 years and, subject to continuing annual Exchequer funding, there will be €15
million available over its lifetime.
The SmarterTravel Areas competition, on the other hand, is intended to support a wide
range of projects to be delivered in one particular area. A SmarterTravel Area bid could
comprise multiple individual projects grouped together and delivered in a highly
integrated manner with the aim of changing the travel behaviour of a whole town or area.

1

Text for this section based on content from http://www.smartertravel.ie/smarter-travel-project-fund (accessed on 20th
April 2010).
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1.2. Project Overview
eircom will procure four battery electric vehicles (BEVs) for use in its fleet – two small and
two medium-sized vans – instead of procuring internal combustion engine (ICE)
equivalents.
Topaz will provide faster charging facilities at three of its stations within the Dublin area
to support the day-to-day operation of these vehicles. Use of the charging facilities will be
available to eircom and other users (BEVs and plug-in hybrids) in 2010, and should the
facilities prove beneficial to these users, an additional two Topaz stations on an intercity
route will be equipped with similar infrastructure in 2011.
The Ecology Foundation will provide project management and consultancy services for this
project and will produce a series of five reports documenting the progress of the project:
1.
2.
3.
4.
5.

Feasibility Study & Deployment Strategy (Apr 2010)
Completion of Procurement and Installation (Sep 2010)
Performance Analysis 1 (Dec 2010)
Performance Analysis 2 (Dec 2011)
Performance Analysis 3 (Jun 2012)

The four BEVs will be recharged under different regimes such that a comparison between
domestic ‘trickle’ charging and Topaz charging can be facilitated:
•
•
•

Two will be charged at Topaz stations only
One will be charged at the home of the eircom driver only
One will be charged using a combination of Topaz facilities and domestic charging

The project is part funded by the Department of Transport’s Smarter Travel Project Fund
and will provide Irish fleet and transport managers with key information to assist them in
making the right decisions on deployment of EVs in their fleet.

1.3. Project Costs
The overall project cost is estimated to be €792,500 of which €529,600 makes up the grant
contribution from the Department of Transport’s Smarter Travel Project Fund. The
balance of costs will be covered by capital expenditure from eircom and Topaz, and
resource capital provided by eircom, Topaz and The Ecology Foundation.
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2. Environmental Influencing Factors
In line with the Government’s target to have 10% electric vehicles (EVs) in the Irish fleet
by 2020, and the Government’s aspiration to position Ireland as a European leader in
electric transport, there are a number of factors that have influenced eircom and Topaz
to engage with the emerging EV market.

2.1. Government Incentives
On April 12th 2010, the Irish Government signed an agreement with the ESB and NissanRenault announcing a scheme that offers a grant of up to €5,000 for electric cars and an
exemption against Vehicle Registration Tax (VRT). As last year’s average VRT cost was
€4,300, this support measure is expected to save the purchaser somewhere in the region
of €9,300. The incentive aims to make the first commercially available EVs competitively
priced against their petrol equivalents and will come into effect at the beginning of 2011.
Battery electric vehicles (BEVs) with a list price of greater than €20,000 will be eligible for
the full €5,000, while those BEVs with a list price less than €20,000 will be eligible for a
grant of between €2,000 (€14,000-15,000 list price) to €4,500 (€19,000-20,000 list price).
For plug-in hybrid electric vehicles (PHEVs) with a list price of greater than €18,000 a
€2,500 grant will be made available.2
The aim of the incentive is to have 2,000 EV users by the end of 2011, 6,000 by the end of
2012, and ultimately act as a precursor to a cumulative total of 230,000 EVs sold by 2020
(10% target).
The support programme will be administered by SEAI. The subsidy will apply at the retail
level, and will be paid directly to dealerships on the completion of a sale. Dealerships will
be required to register with SEAI as authorised sales outlets.3

2.2. Accelerated Capital Allowances (ACA)
The ACA is a tax incentive for companies paying corporation tax and aims to encourage
investment in energy efficient equipment. The ACA offers an attractive incentive whereby
it allows companies to write off 100% of the purchase value of qualifying energy efficient
equipment against their profit in the year of purchase. This compares with the existing
Capital Allowances tax structure (or Wear and Tear Allowance) whereby companies can
deduct the cost of equipment from their profits proportionately over a period of eight
years.
The list of eligible equipment is maintained by the Sustainable Energy Authority of Ireland
(SEAI) and is found on the Triple E Products Register on www.seai.ie/aca. The register
includes electric vehicles and associated charging equipment.

2
3

Accessed from http://www.irishtimes.com/newspaper/breaking/2010/0412/breaking62.html on April 26th 2010.
Accessed from http://www.seai.ie/Renewables/EV_support_programme_launched/ on April 26th 2010.
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2.3. Motor Tax and Insurance
All new private cars registered since July 1st 2008 are subject to annual motor tax based
on CO2 tailpipe emissions. The different motor tax bands are listed in Table 2.1 and, as
BEVs have zero tailpipe emissions, these vehicles fall under category A with an annual
motor tax payment of €104.
Band

CO2 emissions (grams per km)

A
B
C
D
E
F
G

0 -120g
More than
More than
More than
More than
More than
More than

120g/km up to and including
140g/km up to and including
155g/km up to and including
170g/km up to and including
190g/km up to and including
225g/km

Annual €
140g/km
155g/km
170g/km
190g/km
225g/km

104
156
302
447
630
1,050
2,100

Table 2-1: Motor Tax bands
There are currently no insurance incentives for electric vehicles and premiums remain
comparable to those of their combustion engine equivalents.

2.4. ESB Network of Charging Points4
The ESB launched Ireland’s first four on-street charging points in Dublin on March 26th
2010. The ESB will install 3,500 charging points by the end of 2011 – 2,000 domestic units
and 1,500 on-street stations. The domestic units will be made available free of charge to
the first 2,000 EV purchasers in line with the Government target for EV sales in 2011. The
on-street charging points include the following concentrations, and every town with a
population of over 1,500 will have at least one charging point:
•
•
•
•
•

Dublin & County (500)
Cork (135)
Limerick (45)
Galway (45)
Waterford (45)

By end of June 2010 Dun Laoghaire/Rathdown will have two charging points, with three in
Cork, two in Limerick, two in Galway, two in Waterford and one in Portlaoise. The
remainder of on street-charge points installed in 2011 will be commensurate with the
supply of electric cars to the market.
Up to 30 fast chargers will be installed at 60km intervals on major intercity routes by the
end of 2011, nine of these being installed by the end of 2010.
Payment method options involve home charging through domestic electricity suppliers
while public on-street charging is free until end of 2010. Payment systems eventually
developed will be designed to ensure all electricity suppliers can compete through a
common physical charging infrastructure.

4

Accessed from http://www.esb.ie/main/press/press-release399.jsp on April 26th 2010.
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2.5. Department of Transport Strategy5
Sustainability is a core principle for the Department of Transport. One of the five high
level goals of the Department, as outlined in the Statement of Strategy 2008-2010, is to
advance the development of an integrated and sustainable transport system for Ireland.
This high level goal has since been further strengthened through the development of a
sustainable travel and transport policy for Ireland. This policy, Smarter Travel A
Sustainable Transport Future, was published in February 2009, and represents a new
transport policy for Ireland for the period 2009-2020.
The Smarter Travel policy has the following aims:
•

•
•
•
•

Improve quality of life and accessibility to transport for all and, in particular, for
people with reduced mobility and those who may experience isolation due to lack
of transport
Improve economic competitiveness through maximising the efficiency of the
transport system and alleviating congestion and infrastructural bottlenecks.
Minimise the negative impacts of transport on the local and global environment
through reducing localised air pollutants and greenhouse gas emissions.
Reduce overall travel demand and commuting distances travelled by the private car
Improve security of energy supply by reducing dependency on imported fossil fuels

The Smarter Travel policy stated the need for demonstration projects and this has
resulted in the Smarter Travel Project Fund and the Smarter Travel Areas Competition
(see Section 1.1).

5

Accessed from http://www.transport.ie/transport/Sustainable/index.asp?lang=ENG&loc=1913 on April 26th 2010.
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2.6. Sustainable Energy Authority of Ireland (SEAI)
SEAI is interested in the potential contribution of electric vehicles in helping Ireland
reduce greenhouse gas (GHG) emissions arising from the road transport sector. In addition
to administering the forthcoming government grant scheme and the list of eligible
equipment under the accelerated capital allowance tax incentive, SEAI has commissioned
a number of publications on electric vehicles including:
•
•
•

Hybrid Electric and Battery Electric Vehicles / Buyers Guide (Nov 2007)
Hybrid Electric and Battery Electric Vehicles / Technology, Costs and Benefits (Nov
2007)
Hybrid Electric and Battery Electric Vehicles / Measures to Stimulate Uptake (Feb
2008)

SEAI is supporting a project together with the Department of Community, Rural and
Gaeltacht Affairs to demonstrate how wind and ocean energy may be used to provide
electricity, heat and transport requirements for the people of the Aran Islands. This would
significantly reduce the need to ship fuel to the islands and make the islands more self
reliant and economically sustainable for the future. By demonstrating the use of energy
storage, the islands could also serve as a model for the future energy system for the whole
of Ireland.
One element of this project, the Aran Islands Electric Vehicle Programme, is to assess the
ability of electric vehicles to meet the transport requirements for the islands. It is
planned that 10 electric vehicles will be deployed and monitored on the islands starting in
January 2010 and finishing in December 2012. Using performance data collected from the
vehicles and the homes, the energy efficiency, reliability and maintainability of the
vehicles will be judged. An assessment of the potential of locally generated wind power to
supply the electricity requirement for the vehicles will be also made.
This project represents one of the leading attempts worldwide to demonstrate the
potential for wind energy fuelled Electric Vehicles. SEAI and Dept of CRGA are currently
seeking applications from residents on the Aran Islands to participate in the trial of 10
electric vehicles. Each trial user will have access to the vehicle for a period of 1 year
resulting in a total of 30 homes participating in the scheme and ready for the future
uptake of electric vehicles on the islands
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2.7. Climate Change
Climate change is caused by global warming, which in turn is caused by mankind releasing
certain pollutants into the Earth’s atmosphere. Each individual or country’s contribution
to global warming is measured in carbon dioxide equivalence, or CO2e, which is used to
quantify their greenhouse gas (GHG) emissions. The effects of climate change are welldocumented and include: sea level rise; breaking up of ice shelves; retreating glaciers;
more severe and frequent storms, floods and droughts; loss of biodiversity; as well as food
and water shortages.

Figure 2.1: One Tonne of Carbon Dioxide, Copenhagen (December 2009)
Ireland currently has one of the highest levels of GHG emissions per capita in the EU, and
indeed in the world. Through energy usage, transport and purchases etc, the average Irish
person is responsible for just over 17 tonnes of carbon dioxide equivalence (tCO2e)
annually. In contrast the UK emits 11 tCO2e per capita and Germany emits 12 tCO2e per
capita.6 The Irish Government is aiming to reduce this quantity of emissions in line with
international agreements and EU legislation.
The transport sector was responsible for 34% (16,189 ktCO2) of Ireland’s energy related
emissions in 2006, higher than any of the other sectors, namely industry, residential and
services sectors.7 The average family car on Irish roads emits 2.5 tCO2e per annum.
Switching to electric vehicles offers an opportunity to reduce emissions within the Irish
transport fleet. BEVs produce no tail pipe emissions and are thus well suited to urban
areas where vehicle emissions represent a large proportion of urban air pollutants. Aside
from the benefits of BEVs in terms of health and noise pollution, however, the overall
emissions performance will depend on the source of electricity that was used to charge
the batteries. The performance analysis reports that follow this report will look at the
carbon intensity of the electricity consumed so that the emissions saved by switching to
electric vehicles can be calculated.

6

Baumert, Kevin A, Herzog,Tim and, Jonathan Pershing,December, 2005 Navigating the Numbers:Greenhouse Gas Data and
International Climate Policy, World Resources Institute, December 2005
‘Energy in Transport / 2007 Report’, SEI Energy Policy Statistical Support Unit

7
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2.8. Price of Fossil Fuels
Over 99% of energy use in Irish transport is dependent on oil products, all of which are
imported. The estimated total spend on transport energy in Ireland for 2006 was €5.5
billion (excluding air transport).8
Rising car usage, increasing fuel prices, carbon taxes and potential oil supply shortages all
point to the need to be more efficient with the use of fossil fuels. Figure 2.2 shows how
the true efficiency of an electric vehicle compares to a diesel car and a hydrogen car,
taking into account the efficiency of power generation, transmission and distribution,
hydrogen pumps and the vehicles themselves.
The efficiency of the diesel vehicle is 25% whereas the efficiency of the electric vehicle is
75%. Allowing for the inefficiencies of power generation (45%) and transmission (90%) the
overall efficiency of the electric vehicle (30%) is still better than that of the internal
combustion engine (25%).

Figure 2.2: Fuel Cycle Efficiency Illustration
(from presentation entitled ‘Renewable Energy and Transport Developments in Ireland’ by Graham Brennan, SEI)

A typical BEV uses 0.2 to 0.5 kilowatt hours (kWh) of energy per mile (or, 0.13 - 0.31
kWh/km).9 For a range of 100 miles (160 km) at 200 Watt hours per mile, a battery
capacity of 20 kWh would be required. It is expected that a typical full charge would cost
the EV user between €2 and €3 depending on the tariff, and that annual running costs
would be about three to four times cheaper than a diesel equivalent.

8
9

‘Energy in Transport / 2007 Report’, SEI Energy Policy Statistical Support Unit
p.10, ‘Hybrid Electric and Battery Electric Vehicles/ Technology, Costs and Benefits’ (Nov 2007)
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3. Integrating Electric Vehicles into the eircom Fleet
eircom owns Ireland’s largest fleet of commercial vehicles. In a study conducted by The
Ecology Foundation in 2009 this fleet included the following vehicles:
•
•
•
•
•
•

1,932 medium vans
896 small vans
4 flat trucks
4 pick ups
2 land rovers
1,056 other vehicles (aerial platforms, mechanical, company cars, etc)

To meet the operational requirements of the fleet and of this project, eircom will procure
four battery electric vehicles – two small and two medium-sized vans. Based upon the
Topaz charging sites selected for this project (see Section 4.3 for details), eircom will
select drivers with the right attitude and approach to facilitate the monitoring and
evaluation of BEV operations within the eircom fleet.

3.1. Driver Routine
The four vehicles will be parked overnight at the home locations of the selected drivers,
but only two drivers will have access to home charging. One driver will be instructed to
charge solely at their residence, another will be allowed to use a combination of home
and Topaz charging facilities, while the remaining two drivers will be instructed to charge
solely at Topaz charging stations.
The BEVs will be used for business purposes only and they will be recharged as required.
Drivers will cover their normal operational routes, usually with the confines of the urban
environment. Drivers will be required to keep a log of their daily activities and to report
these back to eircom’s Head of Transport on a monthly basis (see Section 3.5).

3.2. Vehicle Procurement & Requirements
The initial intention of this project was that all four vehicles would be operational by
July/August 2010. A request for proposal issued in April 2010 by eircom to a shortlist of
electric van suppliers has indicated that the current turnaround time for suitable vehicles
is about 20 weeks (see Appendix I for a list of electric vans currently available). This will
result in the vehicles being unavailable for the project until October or thereafter with a
consequential delay in the initial project programme.
eircom are currently analysing the responses, and following consultation with Topaz, will
determine the best purchase option. eircom will take delivery of the electric vans,
register and fit them out for their operational activities upon receipt. A GPS system (e.g.
Masternaut) will be installed in each of the vehicles to monitor route history and generate
detailed mileage reports. The vans will also be branded with the eircom, Topaz and
SmarterTravel logos.
A condition of this project is that the vehicles will have dual charging capability, that is,
the ability to accept both a standard 13A domestic charge and a faster charge as provided
by Topaz.
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3.3. Home Charging
The home-charging devices will be equipped with a sub-meter that will allow the
continuous monitoring of charging routines. These devices will be provided by the ESB free
of charge (see Section 2.4). eircom will determine how drivers will be remunerated for
electricity consumed.

3.4. Health & Safety / Maintenance
Drivers will be provided with training on all aspects of the vehicle and as to what is
required of them from a project perspective. Health & Safety training, including risks
relating to breakdown and fire, will also be provided by eircom.
Vehicles will be serviced by the supplier annually, and the service will include an
assessment of the vehicle’s battery performance.

3.5. Methodology for Recording Data
Drivers will log the following data:
•
•
•
•
•

Daily log of journey destinations
Number of electricity units used to charge vehicle and the odometer reading after
each charge
Any non-standard activities e.g. increases in payloads carried, towing of trailers,
charging/Topaz issues, etc
Incidents impacting on Health & Safety e.g. potential accidents/near misses
Queries & comments from members of the public

The logs will be reported to and stored centrally by eircom’s Head of Transport. Running
costs of BEVs will be monitored and measured – maintenance, tyres, energy costs, etc. An
Excel spreadsheet summarising the log details will be sent to The Ecology Foundation on a
monthly basis. eircom will also forward the assessment of the vehicle’s battery
performance as provided by the annual maintenance check.
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4. Installing Charging Infrastructure at Topaz Stations
Topaz is eicrom’s fuel supplier and has the largest network of service stations in Ireland
with 109 company-owned and approximately 250 dealer-owned sites throughout the
country. An initial appraisal of Topaz’s stations in the Dublin area showed that Ballymun,
Dublin Port, Newlands Cross, Templeville and Dalkey would have sufficient space for the
installation of charging facilities. Subsequently Glasnevin was also considered (see Figure
4.1).

Figure 4.1: Shortlist of Topaz Stations within the Dublin Area
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4.1. Charging Options
There are three principal types of charging infrastructure that could be used to fuel EVs:
conductive charging, inductive charging and battery swap.

4.1.1. Conductive Charging
Conductive charging or direct coupling relies on a cable connection between the charging
point and a stationary EV to charge the battery, that is, transfer of electricity via metalto-metal contact between the charging connector and the EV’s charge inlet. Three types
of conductive charging points exist:10
•

Slow (or ‘standard’) charging points: typically used for charging overnight at home
or during the day while parked at work. These use the 240V mains supply, using a
standard 13A plug & socket.

•

Fast (or ‘faster’) charging points: typically used while undertaking daily activities
e.g. shopping, gym, cinema, etc. These are rated at higher voltages and currents
than the standard mains electricity supply, and may be 3-phase (400V) and either
32 or 63A. These could, subject to electric vehicle battery management systems
being compatible, recharge a battery up to 8 times faster than the standard
system. Fast charging points may be used most effectively when parked for say 30
minutes to an hour.

•

Rapid (or ‘quick’) charging points: to recharge ‘on the go’ while driving to a
destination. These are expensive, sophisticated machines, supplying 500-600V DC
(direct current) and potentially several hundred Amps. These would be able to
recharge an electric car battery in just a few minutes - although battery longevity
issues need to be assured. This type of charging infrastructure would be
strategically located, at key road transport locations, with sufficient electricity
grid capability.

The ESB have been using the following terminology, which they intend will be adopted as a
user-friendly classification system within Ireland: Home (single phase AC), Public (three
phase AC) and DC fast charge.11
The American National Electric Code (NEC) Handbook (1999) describes three charging
levels broadly in line with the above, with the exception that Ireland’s standard voltage is
220V rather than 120V (Level 1 charging). These categories are reproduced in Table 4.1
below:

Level 1
Level 2
Level 3

Voltage
(VAC)
120
208/240
480

Current
(Amps)
12
32
400

Power
(kVA)
1.44
6.7/7.7
192

Frequency
(Hz)
60
60
60

Phase
Single
Single
three

Standard
Outlet
NEMA 5-15R
SAE J1772/3
N/A

Table 4-1: American Charging Categories (NEC Handbook, 1999)

10
11

http://www.london.gov.uk/electricvehicles/charging/suppliers.jsp (accessed on April 28th 2010)
Conversation with Aoife Matthews, Business Development, ESB ecars, 1st July 2010
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4.1.2. Inductive Charging
By using an electromagnetic field, this type provides the convenience of charging by short
distance wireless transfer of energy. This type had previously been made available in the
form a paddle-shaped connector that is encased in non-conductive plastic, and which
reduces the risk of electric shock (see Figure 4.2).

Figure 4.2: Inductive Paddle Plug as Standardised by GM (left) and Toyota (right)
(Support for the ‘MagneCharge’ was withdrawn by General Motors in 2002)

One perhaps slightly futuristic application includes in-road charging whereby EVs could be
charged as they drive over any road embedded with a recessed wireless recharging strip.
Another application that may prove more feasible in the Irish context could be found in
the taxi rank - electric taxis parked over an inductive charging plate would be able to
move up the rank without the inconvenience of fixed charging points and cables.
Example: The Korean Advanced Institute of Technology (KAIST) has developed a prototype
called On-Line Electric Vehicle (OLEV) that runs on an in-road inductive charging system
(see Figure 4.3). KAIST claims to achieve 80% efficiency of power-transfer across a 1cm
gap, and 60% efficiency across a 12cm gap.12

Figure 4.3: Inductive Charging Strip Embedded in Road (left) and OLEV Prototype
Vehicle (right), both by KAIST, Korea.
12

http://www.allcarselectric.com/blog/1034778_korean-ev-runs-without-batteries-by-induction-charging (accessed on April
28th 2010)
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4.1.3. Battery Swap
This option uses robotised equipment to remove a depleted battery pack from the EV and
replace it with a set of fully charged batteries. Such technology requires some degree of
standardisation of both vehicles and batteries, but would allow the driver to refuel
without having to leave their vehicle and within a similar timeframe to refuelling an
equivalent internal combustion engine car.
Example: Project Better Place, launched by Israeli entrepreneur Shai Agassi in 2007, has
attracted a considerable amount of press. In January 2008, Better Place announced a
Memorandum of Understanding (MOU) with Renault-Nissan to build the world's first
Electric Recharge Grid Operator (ERGO) model for Israel. Under the agreement, Better
Place will build the electric recharge grid, and Renault-Nissan will provide the electric
vehicles in time for deployment in 2011.13 Better Place launched Tokyo’s first switchablebattery electric taxi on April 26th 2010. This demonstration project is swapping batteries
within 60 seconds.14 A Better Place station is said to cost in the region of $500,000.15

Figure 4.4: Better Place Battery Swap Prototype

13

http://en.wikipedia.org/wiki/Better_Place (accessed on April 28th 2010)
http://blog.betterplace.com/2010/04/better-place-launches-switchable-battery-electric-taxis-in-tokyo-today/ (accessed
on April 28th 2010)
15
http://www.wired.com/autopia/2009/05/better-place/ (accessed on April 28th 2010)
14
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4.1.4. Topaz’s Choice
The majority of EV manufacturers appear to be conforming to conductive modes of
charging rather than the paddle-shaped inductive charging as standardised by GM and
Toyota over ten years ago in the USA. The project team identified in its preliminary
feasibility study that battery swap and other forms of inductive charging are still in
developmental stages, and that it will take time before these methods are standardised
and production line infrastructure is available. Furthermore, these latter options require
considerable upfront investment.
Topaz has therefore chosen to consider the conductive charging options (fast and DC rapid
chargers) as production line and prototype models are currently available, or about to
emerge on the market, for these modes of charging. Appendix II.A lists the DC rapid
charger suppliers and Appendix II.B lists the fast charger suppliers that The Ecology
Foundation has identified as possibilities.
Topaz’s aspiration is to have charging infrastructure that will:
1. Facilitate rapid turnover of EVs at its service stations: Topaz currently has an
average transaction time of 3 to 4 minutes with its customers. DC rapid charging
times of less than ten minutes, if feasible, would therefore be the most appealing
option for Topaz. A DC rapid charger would prevent the service station becoming
congested where parking space is restricted. With fast chargers, on the other
hand, it may be possible to achieve an 80% charge in half an hour.
2. Accommodate as many EVs as possible: there are still many issues surrounding
standardisation of EVs and their on-board chargers. For instance, the Mitsubishi
iMiEV has two charging sockets - the left hand side accommodates a 13, 16 or 32A
single phase electricity supply, while the right hand side would accommodate a
50kW DC rapid charger. The Nissan Leaf will follow this example, though Renault is
exploring single phase and three phase dual capability. Small electric vans
typically accommodate single phase as standard with larger vans and small trucks
accepting three phase electricity. It may be that service stations wishing to supply
electricity to all EVs will need to provide both three phase fast charging and DC
rapid charging solutions.
Topaz are currently in discussion with a shortlist of suppliers of charging infrastructure.
Ultimately, whatever product is chosen will also have to be compatible with the eircom
vehicles.

4.1.5. Effects on Battery Life
All batteries wear out and must eventually be replaced. The rate at which they expire
depends on a number of factors. Fast and rapid recharging may heat up the battery packs
and impact negatively on the battery chemistry. One of the principal aims of this
demonstration project is to monitor the impact of fast or DC rapid charging on working
vehicles.
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4.1.6. Developments in Standardisation

Japan - CHAdeMO Protocol & DC Rapid Chargers16

The CHAdeMO association was formally established on 15th March 2010 by Toyota, Nissan,
Mitsubishi, Subaru and Japanese utility TEPCO (Tokyo Electric Power Company) to develop
a fast charge standard for electric vehicles. The association’s mission is to expand the
installation of fast charge points worldwide and set the global charge standard. Another
158 businesses and government bodies, including 20 foreign car makers, charge
manufactures, recharge service providers and public utilities, have joined the association.
The ESB is one of the three companies representing the European power industry.
The CHAdeMO standard addresses two issues: the communication language between the
vehicle and the fast recharging point, and the physical connection of both (the connector).
"CHAdeMO" is an abbreviation of "CHArge de MOve", equivalent to "charge for moving", and
is a pun for "O cha demo ikaga desuka" in Japanese, meaning "Let's have a tea while
charging" in English.
Most electric vehicles have on-board rectifiers that transform alternating current (AC)
from the electrical grid to direct current suitable for recharging their batteries. Cost and
thermal issues limit how much power the rectifier can handle, so beyond around 230V and
70A it is better for an external charging station to deliver direct current (DC) to the
vehicle.
TEPCO has developed patented technology and a specification for high-voltage (up to 500V
DC) high-current (125A) fast charging via a JARI Level 3 DC connector (Figure 4.5). It
appears this is the basis for the CHAdeMO protocol.
To date, the protocol developed has only been tested in Japan, which has become the
world’s largest fast charge network, with 74 charge points in Tokyo. TEPCO developed the
standard based on a test programme which started in 2006 and employed around 300
electric vehicles in Tokyo. The results showed that the rollout of fast charge infrastructure
is key in expanding use of electric vehicles.

North America - Society of Automotive Engineers (SAE)
SAE J1772 is the North American standard for EV charging. It has defined a connector for
110V/230V AC charging (Figure 4.6) but, as of April 2010, has not defined Level 3 DC fast
charging.17 The Nissan Leaf and Mitsubishi iMiEV have receptacles for both the JARI (DC
rapid charging) and SAE J1772 connectors.

Europe - International Electrotechnical Commission (IEC)
The IEC proposal 62196-2-X from Germany proposes the round 7-pin MENNEKES connector
as an implementation of IEC 62196 (Figure 4.7). This connector handles up to 400V 63A
three-phase power and has been chosen by several European automakers for prototype
electric vehicles.18 The ESB is a signatory to Eurelectric which aims to standardise EV
connectors within Europe. Other contenders for a European standard connector include
the Scame and Marechal type sockets.

16

http://en.wikipedia.org/wiki/CHAdeMO,
http://www.evwind.es/noticias.php?id_not=5094, and
http://www.marketwatch.com/story/establishment-of-chademo-association-2010-03-15 (accessed on 19th May 2010)
17
http://en.wikipedia.org/wiki/CHAdeMO (accessed on 19th May 2010)
18
http://en.wikipedia.org/wiki/CHAdeMO (accessed on 19th May 2010)
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Figure 4.5: JARI Level 3 DC Charging Connector (TEPCO, Japan)

Figure 4.6: SAE J1772 Connector (North America)

Figure 4.7: Mennekes IEC 62916 (Europe)
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4.2. Installation
Fire & Planning
Topaz has produced drawings for the sites considered and will meet with the relevant fire
officers to discuss the charging infrastructure specification and finalise charger locations.
It is understood that planning permission in not required to install charging infrastructure
provided no canopy structure is built. Topaz will liaise with the local planning authorities,
however, so that they are kept up to date with developments.

ESB Networks19
Maximum Import Capacity (MIC) is the level of electrical capacity contracted between a
business and ESB Networks. This is a requirement for every business that has electricity
supply, irrespective of the electricity supplier. The unit of measurement for MIC is the
kilovolt-ampere (kVA). The MIC represents the maximum load that a business is contracted
to import from the electricity network for use in their premises.
A business must pay a Service Capacity charge based on their MIC, and on some tariffs, if
the MIC is exceeded, an Excess Capacity charge must also be paid. The MIC can be
changed on application to ESB Networks and this normally incurs a charge.
Topaz is naturally keen to minimise any costs associated with exceeding capacity and for
similar reasons would prefer not to change their MIC for any particular site. Also,
increasing the MIC to accommodate charging infrastructure could require local reinforcing
to the network, which in turn could delay the project programme.

Battery Storage Possibility
Some suppliers are promoting a battery storage system in conjunction with their charging
station. A storage system would draw electricity at a lower current and dispense it as
required by the charging station and electric vehicle. Such a system may avoid the need to
increase the MIC for any particular site.

19

http://www.esb.ie/esbcustomersupply/business/your_account/maximum_import_capacity_explained_b.jsp (accessed on
May 17th 2010)
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4.3. Station Locations
4.3.1. Topaz’s Assessment
Topaz assessed its portfolio of company-owned sites within the Dublin area on parking,
spare capacity available (expressed in Amps), and good visibility to promote the public
awareness of the project. The six sites shortlisted are shown in Table 4.2 below.
Table 4.2 indicates that Dublin Port and Glasnevin have sufficient spare capacity for either
three phase fast chargers or DC rapid chargers20, whereas Newlands Cross, Templeville and
Ballymun stations currently have insufficient spare capacity. Dalkey has been ruled out on
the basis that it has no spare capacity and that it would be difficult to upgrade the MIC
rating in this particular suburb where, apparently, the distribution system is already
stretched.
Topaz is looking into ways of increasing the spare capacities of Newlands Cross,
Templeville and Ballymun such that they could accommodate one of the following options
without causing a power trip out when the charger is activated:
•
•
•

one DC rapid charger (83A required)
two 32A three phase fast chargers (63A required)
one 63A three phase fast charger (63A required)

Naturally, as outlined in section 4.2, Topaz would prefer to avoid an application for a MIC
upgrade or the need to upgrade the local distribution system.

kVA

Amps/phase

Sites

MIC

Total
available

Conveyor

Carwash

Deli

External
Lighting

Pumps

Total Spare Parking
in Use capacity

Suitability

Dublin Port

350

500

50

45

60

25

15

195

305

Yes

Yes

Newlands
Cross

100

150

90

-

18

12

6

126

24

Yes

Yes, but need
to upgrade MIC

Templeville

70

105

-

90

18

10

6

124

-19

Yes

Yes, but need
to upgrade MIC

Glasnevin

120

180

60

-

18

12

6

96

84

Yes

Yes

Ballymun

60

90

-

40

18

12

6

76

14

Busy

Yes, but need
to upgrade MIC
and parking is
stretched

Dalkey

40

60

-

15

18

20

6

59

1

Yes

No: Insufficient
spare capacity;
MIC upgrade
very unlikely

Table 4-2: Site Suitability Assessment of Topaz Stations Shortlist
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For example, one specification for a DC rapid charger gives 83A @ 400VAC to provide a maximum output current of 125A @
400VDC i.e. a 50kW DC rapid charger requires 83A in spare capacity;
A ‘three phase’ fast charger that can deliver up to 42kW requires 63A @ 400VAC, i.e. 63A in spare capacity
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4.3.2. eircom’s Preference
eircom has confirmed that it can suit Topaz’s final decision by appointing four of its
drivers living within the catchments of the chosen service stations, although Dublin Port
was considered the least convenient in terms of accommodating eircom’s driver routines.
eircom also expressed a preference that the three stations chosen form a well-spaced
triangle within the Dublin area i.e. Glasnevin (or Ballymun), Templeville and Newlands
Cross would be the most suitable of those shortlisted for eircom.

4.3.3. Attracting Other Users
Topaz is keen that their charging infrastructure will not only accommodate the eircom
fleet of electric vehicles, but also other commercial and private vehicles as they enter the
market. The sites have been chosen with good public visibility and the project team will
work closely with their marketing departments to ensure that the new charging
infrastructure is well advertised and made known to those who have purchased, or are
considering buying, an electric vehicle capable of accepting a fast charge.

4.4. Electricity Supplier
Topaz’s service stations are currently supplied by ESB Independent Energy, which for 2008
had a carbon intensity emission factor of 565 gCO2/kWh.21 The stations are predominantly
served with three phase power.

21

‘Fuel Mix and CO2 Emission Factors Disclosure 2008’, Commission for Energy Regulation, 5th February 2010. Note that ESB
Independent Energy’s emission factor for 2007 was 470 gCO2/kWh.
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4.5. Revenue from Charging Facilities
Under Section 14(1)(b), (c) or (d) of the Electricity Regulation Act, 1999, any person or
company who is planning to sell or supply electricity to final customers needs a supply
licence from the Commission for Energy Regulation (CER). As Topaz is not a licensed
electricity supplier, it is looking into the options available to recoup the costs of
electricity consumed by EV users:
1. Work out an agreement with its electricity supplier such that the supplier bills the
EV user and remunerates Topaz for providing the charging infrastructure and space
2. Become a licensed supplier - this would require the following:
a. Supply License application to the CER including
• Fee of €254
• Financial history
• 5-year business plan in relation to the application
• Details of the IT system to be employed for billing and customer care
management
• Estimate of number of employees required for electricity supply operations
b. Fulfilling a number of industry requirements including
• Apply to the Single Electricity Market Operator (SEMO) to become party to
Trading and Settlement Code
• Transmission Use of System (TUoS) agreement with Eirgrid as the Transmission
System Operator and Settlement System Administrator
• Distribution Use of System (DUoS) agreement with ESB Networks as Distribution
System Operator and Transmission System Owner
• Meter Registration Agreement with the Meter Registration System Operator
(MRSO)
• Submit market assurance details and self supplier registration form to Retail
Market Design Services (RMDS)
• Comply with The Grid Code
3. Join a pre-paid card consortium – some charging infrastructure suppliers are looking
into the option of providing cards that can be topped up with credit and can access
charging stations using Radio Frequency Identification (RFID) technology. Such a
consortium could involve some or all of the following parties:
a. Licensed electricity supplier
b. Pre-paid card customer billing and care management
c. Charging infrastructure provider
d. Maintenance partner
e. Land owner i.e. Topaz would provide the space for the charging point
4. Provide electricity for free but charge for parking
This Project Team has initiated discussions with CER, the Department of Communications,
Energy and Natural Resources, and Topaz’s electricity supplier to test the suitability of the
above approaches. Topaz ultimately aspires to upgrade the fuel card software so that
eircom drivers, and perhaps other users, can use their fuel cards to recharge their EVs.
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4.6. Health & Safety / Maintenance
Risk of sparks/fire/arcing
In accordance with ‘Design, Construction, Modification, Maintenance and Decommissioning
of Filling Stations’22, service station forecourts are divided up into three zones where:
•
•
•

Zone 0 is at the tank of the vehicle/pump nozzle
Zone 1 is within a 1m radius of the vehicle tank/pump nozzle
Zone 2 is broadly beneath the forecourt canopy as demarcated by the Aco drainage
channels intercepting any fuel spill runoff, but may also include the manhole lids
to the tanks that are often outside the canopy covered area

In consideration of the risk of sparks and fire, electrical devices may not be installed
within 4 to 5 metres of zone 2. As such, the Air/Water/Vac services are typically situated
at the edge of the site and well outside zone 2. Charging infrastructure will likewise be
situated at least 4 to 5 metres from zone 2 and the final position will be agreed with the
fire officer.
Service station staff will be trained on all aspects of the charging points and the electric
vehicles that can use the infrastructure. Training in terms of Health & Safety, risks
relating to fire, and what is required of them from a project perspective will be provided
by Topaz. Fire fighting equipment will also be provided near the charging points.

Maintenance
Topaz will seek an annual maintenance contract with the charge point supplier such that
the infrastructure will be serviced at periodic intervals throughout the year.

4.7. Methodology for Recording Data
The charging infrastructure will feature General Packet Radio Service (GPRS) that will
enable information to be sent via satellite to a central server, or, alternatively the
charging infrastructure supplier will download the data at periods throughout the duration
of the project. The following data types will be recorded:
•
•
•
•

Number of users per day/week/month
Visits per user by charging point
Power consumption by vehicle
Length of time charging points have been in use

In addition, each forecourt manager will keep a log recording:
•
•

Incidents impacting on Health & Safety e.g. potential accidents/near misses
Queries & comments from members of the public and EV users

The charging point datasets and the manager logs will be reported to Topaz and stored
centrally. An Excel spreadsheet summarising these details will be sent to The Ecology
Foundation on a monthly basis.
22

Design, Construction, Modification, Maintenance and Decommissioning of Filling Stations, (2nd edition, March 2005)
published by The Association for Petroleum and Explosives Administration (APEA) and Energy Institute, London.
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5. Determining the Success of the Project
Pending successful utilisation of the charging infrastructure installed at the three Dublinbased Topaz stations in 2010, a decision to proceed with the second phase of the project
will be made between the NSTO, SEAI, eircom, Topaz and The Ecology Foundation. The
decision will determine whether similar charging infrastructure should be installed at two
additional Topaz stations on an intercity route in 2011.
It must be borne in mind that this pilot project will provide invaluable data for the early
adopters use of charging infrastructure, and that usage patterns will differ between urban
and inter-urban EV drivers. Thus, failure of a charging infrastructure project in an urban
environment may not necessarily imply that a similar pilot on an intercity route would also
fail.
Section 5.1 attempts to define what constitutes a successful project, while Section 5.2
gives a procedure for determining whether the intercity charging infrastructure should be
installed.

5.1. Performance Criteria for Successful Utilisation of Charging
Infrastructure
The Topaz charging points would prove successful if EV drivers who are not part of the
eircom fleet also used the infrastructure. However, this measure of success is dependent
on the number of EVs in operation within the Dublin area during the latter half of 2010.
The majority of EV drivers are likely to charge at home or at work, and there may be so
few EV drives within the catchment of the three Topaz stations at this early stage, that
such a measure would be of little or no value.
It is therefore deemed more helpful to make a judgement based on eircom and Topaz’s
experiences throughout the project.

Eircom
From an eircom perspective, successful use of the charging infrastructure would mean:
i)
no complaints from drivers
ii)
indication of preferred usage by driver for home-charging/Topaz charging mix
iii)
continued usage after the project

Topaz
From a Topaz perspective, successful use of the charging infrastructure would mean
i)
portrayal of Topaz as a progressive energy company
ii)
positive public feedback
iii)
positive customer feedback
iv)
no complaints from Topaz retail staff
Both the eircom drivers and the Topaz forecourt managers will complete questionnaires at
the end of 2010. The questionnaires will provide insight as to whether or not the above
qualitative performance criteria have been met.
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5.2. Go/No-Go Decision for Charging Infrastructure on an Intercity Route
At the end of 2010, the four drivers and the forecourt managers of each Dublin-based
Topaz site will complete a survey designed to gain feedback from the project. If the
results do not conflict with qualitative criteria outlined in Section 5.1, and both eircom
and Topaz are willing to extend the demonstration project to an intercity route, then it is
proposed that similar charging infrastructure be installed at two additional Topaz sites.
If, however, the survey feedback is negative and eircom and Topaz do not wish to proceed
with the intercity route, the demonstration project will be confined to the three Dublin
stations until project completion in June 2012.
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Appendix I
Company
Fiat Fiorino
Cargo (MicroVett)

Image

Battery Electric Vans on the Market
Contact Details
Green Machines,
84 Terenure Road East,
Dublin 6.
Tel (01) 490 0470.
Web: www.greenmachines.ie
Email: sales@greenmachines.ie

Fiat Doblo
(Micro-Vett)

Green Machines

Fiat Ducato
(Micro-Vett)

Green Machines

Modec

Modec
Progress Way
Binley Industrial Estate
Coventry
UK
CV3 2NT
Tel: +44 (0)247 688 1488
Fax: +44 (0)247 688 1499
Web: www.modecZEV.com
Email: info@modecZEV.com

Peugeot
eExpert (Allied
Electric)

Peugeot
eBoxer (Allied
Electric)

Gowan Distributors Limited / Peugeot
Importer
Gowan House
Naas Road
Dublin 12
Tel: 01 409 2495
Web: www.gowangroup.ie
Gowan Distributors Limited
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Ford Transit
(Smith Edison)

Electric Vehicles Ireland
Burlington Business Park
Tullamore, Co.Offally
Tel: 057 93 61488
Fax: 057 93 61455
Web: www.smithelectricvehicles.com
Email: info@electricvehicles.ie

Verde Autos

Verde Autos
30 Euro Business Park,
Building 3002,
Little Island, Cork,
Ireland.
Tel: 021-4355338
Fax: 021-4355324
Website: www.verdeautos.com
Email: info@verdeautos.com
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Appendix II

Charging Infrastructure on the Market

A. Rapid Chargers 50kW (>63A @ 500-600VDC)
Company

Contact

ABB Limited

ABB Switzerland Ltd,
Advanced Power Electronics
CH - 5300 Turgi, Switzerland
Web: www.abb.com
Contact: Nick Butcher (Product Manager DC Fast Charging)
Tel: +41 58 589 26 80
Fax: +41 58 589 26 18
Email: nick.butcher@ch.abb.com

AeroVironment

AeroVironment, Inc.
AV Corporate Headquarters
181 W. Huntington Drive, Suite 202
Monrovia, CA 91016
Web: www.avinc.com
Tel: +1 626.357.9983
Fax: +1 626.359.9628

Aker Wade

Aker Wade
4035 Hunterstand Court
Charlottesville, VA 22911, US A
Web: www.akerwade.com
Tel: +1 434.975.6001
Fax: +1 434.975.0984

Epyon B.V.

Epyon B.V.
Delftweg 65
2289 BA Rijswijk
The Netherlands
Web: www.epyon.nl
Tel: +31(0)70 307 62 00
Fax: +31(0)70 307 62 09

EV Power / Carra

SGTE Power

EV Power Products Limited
20 Village Mill Enterprise Park
Rathnew
Co. Wicklow

Carra (Ireland) Limited
12 West Pier,
Howth, County Dublin, Ireland
Web : www.carra.ie

Tel: 0404 66998

Phone: +353 1 832 3955
Fax: +353 1 832 6874
Email: info@carra.ie

SGTE Power
428 avenue Georges Durand
BP 22133
72002 LE MANS Cedex 1
FRANCE
Web: www.sgte-power.com
Tel : +33 (0)2 43 40 74 00
Fax : +33 (0)2 43 72 79 76
Email : contact@sgte-power.com
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Siemens

Siemens Limited
Energy & Transportation Division
Fitzwilliam Court
Leeson Close
Dublin 2
Web: www.siemens.ie
Tel: 01 216 2000
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B. Fast Chargers 7-42kW (16, 32, 63A @ 400VAC)
Company

Contact

AeroVironment

AeroVironment, Inc.
AV Corporate Headquarters
181 W. Huntington Drive, Suite 202
Monrovia, CA 91016
Web: www.avinc.com
Tel: +1 626.357.9983
Fax: +1 626.359.9628

ChargeMaster

ChargePoint

5 Aldford Street,
Mayfair,
London W1K 2AF
Web: www.chargemasterplc.com
Tel: + 44 (0) 207 495 5270
Email: sales@chargemasterplc.com
Coulomb Technologies, Inc.,
1692 Dell Ave.,
Campbell, CA 95008,
Web: www.coulombtech.com
Tel: +1-408-370-3802
Email: info@coulombtech.com

Irish Supplier:
MCC Controls,
6/7 Robinhood Business Park,
Robinhood Road, Dublin 22
Web: www.mcc-controls.com
Tel: +353 1 450 6 450,
Fax: +353 1 450 6 104

See also www.365-energy.com

Circontrol

C/ INNOVACIÓ, 3
Polígono Industrial CAN MITJANS
08232 VILADECAVALLS
BARCELONA
Web: www.circontrol.com
Tel: +34 93 736 29 40
Fax: +34 93 736 29 41
Email: circontrol@circontrol.com

DBT

Irish Supplier:
Electro Automation Limited
EA House,
Damastown Industrial Park,
Mulhuddart,
Dublin 15
Web: www.electroautomation.com
Tel: +353 1 824 6666
Fax: +353 1 824 6655
Email: info@electroautomation.com

Douaisienne de Basse Tension
Parc Horizon 2000
62117 – Brebières
FRANCE
Web : www.dbt.fr
T: (33) 03 21 50 92 92
F: (33) 03 21 50 92 90
E-mail : info@dbt.fr

JuicePoint

Elektromotive Ltd
The Sussex Innovation Centre,
Science Park Square,
Falmer, Brighton,
East Sussex, BN1 9SB,
UK
Web: www.elektromotive.com
Tel: + 44 (0)1273 704775
Fax: +44 (0)1273 704499
Email: info@elektromotive.com

Irish Supplier:
Carra (Ireland) Limited
12 West Pier,
Howth, County Dublin, Ireland
Web : www.carra.ie
Phone: +353 1 832 3955
Fax: +353 1 832 6874
Email: info@carra.ie
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POD Point

POD Point
ECC Infracharge Ltd,
Devonshire House,
146 Bishopsgate,
London,
EC2M 4JX
Web: www.pod-point.com & www.infracharge.com
Tel: +44 207 247 4114
Email: enquiries@pod-point.com

36

