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Abstract: Electric vehicles have zero tailpipe emissions and can reduce greenhouse gas emissions
by up to 90% compared to internal combustion engine (ICE) vehicles. Electric retrofits involve
converting an ICE vehicle to an electric drivetrain, aiding the transition to zero emission vehicles by
adapting current vehicles and, thus, reducing the transport sector emissions. Other benefits include
charge exemptions in major cities, reduced driving costs, and lower maintenance. The UK has a
considerable retrofit market, with a large price range of services offered. There is a varying level
of practice undertaken and current regulations may not adequately cover these retrofits. Industrial
engagement has highlighted the varying levels and common themes of practice, such as restoration
work, computer-aided design, and finite element analysis. Converting the registered fuel type of
a vehicle to electricity, post-retrofit, appears to be a limited process, with few steps. Therefore, a
regulatory framework, such as an accreditation scheme, could be introduced to ensure high levels
of safety and good practice. Future work suggestions include further meetings with the DVLA and
DVSA, and meeting the Motor Insurers’ Bureau.
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1. Introduction

Globally, climate change has been highlighted as a paramount issue, with atmospheric
CO2 concentrations in 2019 reported to have been greater than at any point within the
last 2 million years and the fastest 50-year increase in global surface temperature in 2020
for at least 2000 years [1]. The Intergovernmental Panel on Climate Change (IPCC) stated
in their sixth assessment that it is “unequivocal that human influence has warmed the
atmosphere, ocean, and land”, highlighting that many of these changes are caused by
human activity [1,2]. In 2020, the transport sector accounted for approximately 24% of
global direct CO2 emissions caused by fuel combustion, with road vehicles accounting for
almost 75% of those emissions [3], portraying the considerable climate effect created by
the sector.

Electric vehicles (EVs) have the potential to address the emissions issue, as they have
zero tailpipe emissions and hence can reduce the greenhouse gas (GHG) emissions pro-
duced by the transport sector [4]. Even considering emissions from electricity generation, a
study states that EVs have the potential to reduce GHG emissions by 30–80% compared to
gasoline internal combustion engine (ICE) vehicles [5], whilst another study highlights the
potential GHG emission saving to be about 90% [6], which would provide a vast reduction
in overall emissions if there was a large uptake and transition to EVs. It is more beneficial
to utilise electricity generated by solar, wind, biomass, and nuclear energy, rather than
fossil fuels, to ensure that maximum emission savings can be made, accounting for indirect
source emissions, in addition to the direct emissions of vehicles [7].

Furthermore, utilising battery electric vehicles (BEVs) has the potential to mitigate
global GHG emissions by 40–215 Mt CO2e and 340–1380 Mt CO2e in 2030 and 2050, respec-
tively [8], highlighting the significant ability of the sector to counteract the current climate
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change effects. In addition to the GHG emission savings, EVs have many other benefits,
such as being more energy efficient with an EV motor [9], converting approximately 60% of
electrical energy from the grid to power at the wheels, in comparison to as little as 20% of
energy in the fuel of an internal combustion engine (ICE) vehicle being converted to power
at the wheels [8]. Furthermore, in comparison to ICE vehicles, there is less maintenance
required, smooth operation, and more progressive acceleration [10].

The UK government established legally binding targets in 2019 to “end its contribution
to global warming by 2050”, by reaching a net-zero level of all GHG emissions by 2050,
compared to 1990 levels [11]. This helps to address the growing issue of climate change,
with reports stating that current rates of pollution could lead to irreversible changes to
planet earth by 2030 [12], with the potential for a temperature increase of between 1.4 ◦C
and 4 ◦C by 2100, above preindustrial temperatures, for the most and least ambitious
pathways to reduce emissions, respectively [13].

Despite the commitments made by the UK, and, more globally, made in the Paris
Agreement, there appears to be limited focus on producing suitable policy to ensure that a
large uptake of EVs will be made by consumers [14]. Policy incentives have been utilised
by some governments in an attempt to increase the uptake in EVs, however the willingness
to transition has remained low in many areas, with a market share for EVs of less than 5%
in several countries [15], whilst Norway has led globally [16] with a share of 75% in 2020
and Iceland and Sweden reached shares of over 50% and 30%, respectively [17].

Switching entire fleets of ICE vehicles to new BEVs, would, however, require lots of
manufacturing and require many current vehicles to be scrapped, which, therefore, presents
its own environmental issues, due to the associated emissions [18]. Retrofitting current ICE
vehicles to be electrically powered could, thus, act as a solution to this. A previous study
regarding electric retrofits investigated the potential of the conversion process in Germany,
by exploring the views of potential customers and industry leaders, as well as highlighting
possible business models [19]. The findings highlight that the most common answer
by potential customers when asked whether they would make use of car electrification
services, is ‘probably’ [19], portraying an example of a positive public perception regarding
the process. In regard to business models, a focus on popular vehicle models of passenger
cars below 3.5 tonnes was suggested, with approval and certification of the conversion
being completed by the TÜV, also known as the Technical Inspection Association [19].
However, further work is suggested to develop these models, in addition to research
regarding major issues, such as electricity supply and battery disposal processes [19].

Electric retrofits in the UK could, therefore, act as an aid towards this net-zero target,
by providing an alternative option to new BEVs in the transition to zero emission vehicles,
potentially increasing the overall uptake and, thus, speed of adoption [20]. Thus, this helps
to address a major global issue of climate change, a largely motivating factor of the paper.
There currently appears to be limited literature regarding this topic specifically in the UK
and, therefore, this paper aims to investigate the potential requirement for regulations of
electric retrofits in the UK, which would ensure that safe, adequate conversions are being
completed. The research aims to assess the UK electric retrofit market for road vehicles,
as well as to understand the conversion process and any safety standards met. The paper
also aims to understand the administrative process of changing the registered fuel type to
electricity. It relates to the growing industry of EVs, which encompasses electronic design
and manufacturing for components required. Challenges for the paper include the lack of
clarity regarding current processes and retrofit companies being unlikely to highlight areas
of bad practice, therefore requiring appropriate assessments to be undertaken to explore
all aspects. Alongside the authors, industrial partners helped to facilitate the paper by
providing necessary contacts and organising the industrial visits carried out.

The structure of the work is as follows: Section 2 highlights the overall methodology of
the work; Section 3 describes the EV scenario in the UK including the development of EVs,
batteries, and charging points as well as safety issues, regulations, and financial schemes.
Section 4 illustrates the electric retrofit by exploring the technical procedure and current
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practices, as well as the available benefits. Accreditation schemes for EV technologies are
shown, highlighting previous requirements for regulations. Additionally, safety aspects
are discussed to highlight the dangers of the technology and, thus, the need for regulations
and good practice, whether for new EVs or retrofits. Original equipment manufacturer
(OEM) standards, highlighting an exceptional level of practice, are detailed, providing
core aspects to be considered for retrofits. EV financial schemes are highlighted, showing
different incentives available. Finally, the details for changing the registered fuel type of a
vehicle are explored.

2. Materials and Methods

Literature relating to road transport emissions, EVs, and their associated infrastructure,
electric retrofit conversions, current regulations, and standards, as well as EV financial
schemes, was analysed and reviewed. Google scholar was predominately utilised to
source these reports and journals, with keywords, such as EVs and electric retrofits, being
inputted. UK government documentation was reviewed to understand the processes
currently required to convert the registered fuel type of a petrol or diesel vehicle to electric.
This documentation was also utilised to review the UK’s plans and intentions to limit
GHG emissions.

Meetings were held with the Driver and Vehicle Licensing Agency (DVLA) and the
Driver and Vehicle Standards Agency (DVSA) to discuss the apparent processes required
and the regulations to be met, reviewing the flow diagrams to promote further discussion.
To support the limited amount of literature regarding electric retrofits, several site visits
to current passenger car and bus retrofit companies were undertaken, to gain an under-
standing of the conversion processes being used and any safety regulations or standards
being met. Due to confidentiality reasons, company names have been omitted, however,
all organisations were UK-based to align with the focus of the report. The ‘Innovation and
Technology in Transport (ITT) Hub’ exhibition [21] was attended, to explore the variety
of new electric vans, buses, and coaches being produced by different OEMs. The findings
obtained from the company and exhibition visits were analysed and discussed to highlight
common themes and differences. Recommendations were produced of the regulations to
be adhered to in an accreditation scheme for the electric retrofit process. As a result of the
research, flow diagrams were produced to portray the apparent processes of converting a
fuel type to electric, for cars/vans and buses which are documented in Section 5.

3. Electric Vehicles Scenario in the UK

Two key considerations for a transition to EVs in the UK are the emissions and cost
differences between ICE vehicles and EVs. In 2019, the transport sector accounted for 27%
of the total GHG emissions produced in the UK, with the main source of these emissions
being petrol and diesel vehicles [22]. Within the sector, road transport emitted 91% of total
GHG emissions, equating to 110.7 mega tonnes of carbon dioxide equivalent (MtCO2e) [23].
Figure 1 displays the proportion of road transport emissions that were emitted by each
vehicle category, highlighting that the vast number of emissions accounted for by passenger
cars is 68%.
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Figure 1. Chart displaying the proportion of road transport emissions for each vehicle category. Source of data: [23]. 
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Figure 1. Chart displaying the proportion of road transport emissions for each vehicle category. Source of data: [23].

Passenger cars accounted for 55% of total transport GHG emissions, equating to 15%
of total GHG emissions produced in the UK in 2019 [23]. Buses account for much fewer
emissions than passenger cars—3% of road transport, or 2.5% of total transport, GHG
emissions [23]—however, for every fully loaded bus, 75 cars could be removed from the
road [24], which highlights the greater effect they could have if there was an increased
usage. For example, if electric bus services were more readily available in major cities, they
could potentially replace a proportion of car and van traffic.

Although EVs have low operating costs, the life cycle costs (LCC) of EVs are still
not competitive with ICE vehicles due to high battery costs. However, the cost of EVs is
likely to be affordable after the technological improvement of the batteries [6,10]. A further
consideration was the uncertainty in the future costs of petrol, diesel, and electricity [6],
which could have a considerable effect on these LCCs. Regarding the initial, upfront
costs specifically, a study in the USA in July 2021, highlighted that EVs were still more
expensive to produce than ICE vehicles [25], however, lithium-ion battery pack costs had
decreased by 85% between 2010 and 2018 [26]. If these costs continue to decrease, then
price parity between EVs and ICE vehicles could be met, however, there appears to be a
lot of uncertainty on when this may happen, although, within 10 years is suggested by
many estimates [25]. Figure 2 highlights the total cost of ownership of a medium-sized
car, bought new in 2021, depending on whether it was a petrol or diesel ICE vehicle, or a
BEV [27]. Additionally, the cost of ownership was shown for different stages of ownership,
which highlighted the considerably lower cost of a BEV, for the third owner (considered as
a cost over seven years), at £15,919 compared to £21,561 and £19,398 for petrol and diesel
ICE vehicles, respectively [27]. This highlights the cost benefits of a BEV over time, despite
the similar costs near the start of ownership, saving 26% and 18% as the third owner,
compared to a petrol and diesel ICE vehicle, respectively. The data assumes that the price
of energy is equivalent to the UK average residential electricity price (22 p/kWh) and the
fuel duty and VAT, for petrol and diesel, remain constant at 2020 levels [27]. Additionally,
annual mileages of 15,000 km, 12,000 km, and 10,000 km are applied to the calculations for
the first, second, and third owner stages, respectively [28].
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Figure 2. Total cost of ownership comparison for petrol and diesel internal combustion engine (ICE)
vehicles and battery electric vehicles (BEVs). Source of data: [27].

3.1. Development in EV Production

The rate of EV production portrays an overall situation of EV development in the UK.
The predicted growth in the number of BEVs in the UK, up to 2050, is shown in Figure 3,
highlighting a vast predicted increase of up to 30 million BEVs in 2050 from less than
1 million in 2020 [5].
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Figure 3. Predicted growth in battery electric vehicles (BEVs in the UK up to 2050 [5].

Globally, the number of EVs has increased greatly over the last decade, with approx-
imately 11.3 million EVs in 2020, compared to 0.3 million in 2012, as shown below in
Figure 4 [17]. Despite global car sales dropping by 16% in 2020, electric car registrations
increased by 41% [17], highlighting the increased uptake of EVs, despite a global pandemic
occurring. This growth could continue to increase greatly with the Sustainable Develop-
ment Scenario—a proposal from the International Energy Agency for future energy-related
developments—suggesting a global EV fleet of 230 million vehicles in 2030 [17].
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In Great Britain, there were 38.6 million total vehicles licensed at the end of March
2021 [29], with nearly 260,000 BEVs and 280,000 plug-in hybrid vehicles registered in the
UK at the end of May 2021 [30]. Although this is still a small proportion of the total number
of vehicles, the growth in the registration of EVs is increasing quickly. For example, in the
first quarter of 2021, ultra-low emission vehicles–vehicles reported to emit less than 75 g
of CO2 from the tailpipe per kilometre travelled–accounted for 10.4% of all new vehicle
registrations in the UK [29].

3.2. Battery Development

Batteries are a major component of an EV, resulting in wide adoption and an expected
major increase in battery demand, which will require increased supplies of natural resources
and could potentially cause supply-chain issues [31]. Therefore, the development of battery
technologies and the increase in battery manufacturing is paramount to the continued
production of EVs.

In the UK, Nissan, a Japanese vehicle manufacturer, is currently planning to build
a battery ‘gigafactory’ (a term referring to the unit of measurement representing billions,
suggesting mass production), to aid a vast increase in production of EVs, with the capacity
to produce batteries for 100,000 vehicles per year [32]. Additionally, Britishvolt has plans
to build a battery production plant on the former power station in Blyth, which aims to
produce batteries for 300,000 vehicles per year [32]. In Coventry, there are plans to produce
a battery gigafactory, as a joint venture by the airport and the city council, provided
£2 billion of investment can be secured [33]. Throughout Europe, there are currently
several gigafactories with plans for many more to be developed. In northern Sweden,
there is a vast gigafactory currently being produced by Northvolt, which, alongside its
base just outside Stockholm, aims to produce 25% of Europe’s electric batteries, initially
providing for 300,000 vehicles per year, with the potential to increase its supply to 1 million
vehicles per year [34]. Northvolt aim to produce sustainable batteries, by utilising clean,
locally sourced renewable energy to power their manufacturing process, creating an 80%
lower carbon footprint compared to batteries made using electricity largely generated by
coal-fired power stations [35]. Furthermore, the batteries are expected to be 97% recyclable,
allowing most of the battery cell to be reused to manufacture new ones [35], with plans for
an on-site battery recycling plant [34]. In addition, Freyr, a Norwegian energy company, is
planning to build a gigafactory in Mo i Rana, Norway, fuelled by wind and hydro energy,
whilst Daimler and BMZ have created gigafactories in Germany, and major Asian battery
brands have set up gigafactories in Europe–with an LG Chem plant in Poland and Samsung
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SDI and SK Innovation plants in Hungary [34]. In regard to battery requirements, in the
USA, for example, there are proposed new rules, starting in 2026, requiring that BEVs
“maintain 80% of their range for 15 years or 150,000 miles”, and that there is a “customer
readable state of health metric”, to allow buyers to simply check the state of health of the
battery pack [36]. Additionally, a study suggests how stating the remaining battery life
could improve the EVs value, because the driving profile has a large impact on battery life
and, therefore, without paperwork to show how the battery has been treated, the value
stays below its potential [37]. Moreover, charging and discharging cycles, as well as cell
temperature, have an impact on the lifespan of batteries [38].

3.3. Charging Points

Charging points are an essential infrastructure requirement for a successful transition
to EVs in the UK. In August 2021, according to Zap-map, there were 25,145 public charging
devices, with a total of 43,210 connectors, at 15,886 different locations within the UK [39].
This number has risen greatly over the past five years, as shown below in Figure 5, with
only 6500 public charging points in the UK in 2016, as well as a more recent increase of 48%
from 2019 to August 2021 (year to date) [39]. In comparison, there were approximately
8400 petrol refuelling stations (operational and under development) in the UK in February
2021 [40], which is far lower than the number of charging points, highlighting the reason-
able availability for EV charging in comparison to ICE vehicle refuelling. Each refuelling
station does often have several pumps, though, which would be comparable to the number
of connectors.
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Figure 5. Chart highlighting the growth in public charging points between 2016 and 2021; data
shown until the 6 August 2021 [39].

In 2017, a survey by the energy supplier ‘OVO energy’ highlighted that the number
one reason for not buying an EV in the UK was the lack of charging points, with 56% of
participants stating this [41]. Therefore, the vast increase in charging points since then
should help to address this public concern. Additionally, following a commitment from
Highways England to increase the number of charge points in the UK, there have been
66 rapid charge points installed, which ensures that 97.4% of the ‘Strategic Road Network’,
comprising of motorways and major A roads in England, will be within 20 miles of a rapid
charge point [42]. This infrastructure development also, therefore, helps to address the
issue of unevenly distributed charge points, which previously resulted in varying access,
considered a “postcode lottery”, as highlighted in analysis by HSBC in 2016 [43].
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With an increased number of electric charging points and increased usage, due to
growth in EV sales, the supply of electricity is also required to increase, and to do this
sustainably, renewable energy systems are pivotal. It has been estimated that an extra
increase in global electricity consumption of 7–10% by 2040 will be caused by the increase
in EVs [44]. Over the past decade, there has been a vast increase in the production of
electricity from wind power in the UK, with 75,610 gigawatt-hours produced from offshore
and onshore wind in 2020, an increase of 715% from 2009 to 2020 [45]. Despite this progress,
renewable energy generation is required to continue increasing greatly, if electricity is to be
supplied to the UK’s EV fleet sustainably. Renewable electricity generation in the UK in
quarter 1 of 2021 was 34.7 terawatt-hours [46], however, the National Grid estimates that
100 terawatt-hours would be required if all the vehicles on the road in the UK were electric,
substantially adding to the current total demand of the country of 300 terawatt-hours [47].
This highlights the major difference in renewable electricity production compared to
the general electricity demand currently, and the potential future demand considering
widespread EV usage.

3.4. Safety Challenges for Electric Vehicles

There are several safety aspects related to EVs and drivetrains, which should also be
considered during a retrofit in the UK. A major aspect is electrical hazards, given the large
amount of electrical energy that could be stored in batteries, as well as high voltage (HV)
cables utilised [48]. Thus, if a fault occurred, this could result in a high-energy release,
which could have associated safety implications, and as the battery cannot be switched off,
there is an ever-present electrical risk [48]. Other hazards include chemicals, due to their
potential release from the battery technology, and collisions, which may cause the battery
to be punctured or high-voltage cables to be cut or damaged by the impact, potentially
leading to a fire, which is a further risk [48].

Lithium-ion batteries are commonly used for EVs and therefore must be rigorously
tested before use to ensure safe operation, as catastrophic failures are possible [49,50].
For example, ‘thermal runaway’ can occur; a process that involves exothermic reactions
between the electrodes and electrolyte, at a critical temperature [51]. This can, thus, lead
to fire and rupture or explosion of the battery cell, so, therefore, it is important to prevent
the spread to other adjacent cells, which would affect the whole battery pack, potentially
containing thousands of cells in an EV version [50]. If the onboard battery is involved in a
fire, it is extremely difficult to suppress it, as the battery pack is often fairly inaccessible to an
external extinguishing device, and reignition may occur without sufficient cooling [52–54].
This is, therefore, worthwhile considering when purchasing and utilising, or designing,
battery packs, as it emphasises the necessity for rigorous testing to ensure safety.

Battery management systems are utilised to monitor and optimise battery module
performance, and have the ability to disconnect modules from the system during abnormal
conditions [55]. The system monitors the state of charge and state of health of the battery, as
well as the voltage, temperature, and current to ensure safety from different hazards [55].

To provide protection against direct contact, live parts must be suitably insulated,
for example by using wires and enclosures [48]. Often, basic electrical safety protection
states that insulation must not be easily removed, only by destruction [56], and must
be an appropriate level for the operating voltage of the system [57], to protect electrical
professionals in the workplace. It is also necessary to ensure that parts are water-resistant,
often installed as sealed units, to ensure that they are not affected by the rain, water on the
road, or water during washing.

EVs operate very quietly, particularly at low speeds, and therefore are a potential
hazard to other road users [58], especially pedestrians, cyclists, and horse riders, with
studies highlighting that the risk of incidents with pedestrians increases by up to 80%,
due to EVs or hybrid vehicles [59]. Therefore, products have been developed known as
‘Acoustic Vehicle Alerting Systems’ to alert road users of a nearby vehicle, by producing a
sound whilst the vehicle is travelling between 0 and 20 mph [59]. After this it then cuts
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out as the sound of the vehicle alone is sufficient, exceeding wind and road noise [59].
Furthermore, the United Nations Economic Commission for Europe (UNECE) brought
in ‘Regulation No. 138’, to ensure that new ‘quiet road transport’ vehicles, such as EVs,
are fitted with an acoustic vehicle alerting system, which is tested and approved for each
vehicle type [60].

Replacing the ICE and exhaust system with an electric drivetrain will alter the weight
distribution of the vehicle, which, for a new EV, will be assessed and analysed in the design
and testing stages prior to manufacturing. However, for an electric retrofit, the vehicle has
not initially been designed to carry an electric drivetrain, and, therefore, if not considered,
it may affect the loads on the chassis, which could cause structural damage at a later date,
as well as adversely affect dynamic handling and braking. Additionally, due to the size
and mass of the batteries, they can pose a mechanical hazard, so, therefore, it is necessary
for them to be fixed in position using appropriate mounts or clamps, preventing potential
instability of the vehicle [58].

Safety during maintenance is another aspect to be considered, with suitable protection
provided to the user, who may undertake basic maintenance work, whilst vehicle techni-
cians and repair personnel must be adequately trained to ensure complete safety when
adjusting and replacing parts [58]. It is necessary to include, within regular maintenance,
testing of the insulation resistance of HV parts and testing the leakage current controller
function, as well as checking battery condition [58].

These safety hazards, therefore, highlight some of the reasons why electric retrofit
conversions must be completed to a suitable standard, primarily to avoid significant
failures. Thus, they demonstrate why suitable regulations, and sometimes accreditation
schemes, are necessary.

3.5. Standards and Regulations

For the production of new EVs by OEMs in the UK, there are many regulations (which
mandate following standards) to be adhered to, as well as other non-binding standards to
ensure a safe, reliable vehicle is manufactured. Some of the standards specifically relating
to EVs, as highlighted by the British Standards Institution, are shown below in Table 1 [61].
It is beneficial to consider these OEM standards for electric retrofit conversions, as the
core details are often applicable, as a lot of the same components will be utilised, even
though fulfilling the complete standard may be unattainable—for example, due to financial
constraints. The regulations mainly relate to the safety of the system and protection against
hazards, charging safety and infrastructure, communication and signalling, and safety
of battery swapping [61]. They highlight the depth of standards that must be met when
manufacturing a new EV and, thus, can provide a guide for electric retrofits, although it
may be difficult to reach the same standards as new EVs, logistically and economically.
Other common standards include ISO 26262 and ISO 9001. ISO 26262 refers to the functional
safety of road vehicles and, in particular, is for safety-related systems that have an electrical
and/or electronic system and are installed in production road vehicles [62]. It highlights
how to document the testing process of a component and how to assign an appropriate risk
level, using automotive safety integrity levels [63]. ISO 9001 highlights the requirements
for a quality management system, based on principles such as a strong customer focus and
continual improvement, to ensure customers receive high-quality services and products.
Over 1 million companies are certified to ISO 9001 [64].
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Table 1. Standards provided by the BSI for newly manufactured EVs [61].

Standard Information

ISO 6469 (1) Safety specifications for rechargeable energy storage systems for EVs. (2) Functional and
operational safety means. (3) Specific protection against electrical hazards.

BS EN IEC 61851-1 General requirements for EV conductive charging systems. Covers: Characteristics, specifications
and safety requirements for power supply, and connection between charging equipment and vehicle.

DD CLC/TS 50457-2 Communication protocol between an off-board charger and EV in conductive charging situations.

IEC TS 61980-2 Communication between vehicle + wireless power transfer (WPT) systems connected to supply
network.

BS EN 62196-2 Plugs, socket-outlets, vehicle connectors + vehicle inlets: Dimensional compatibility,
interchangeability requirements for pin + contact-tube accessories.

BS EN ISO 15118-3 Physical vehicle-to-grid communication interface, data link requirements, and basic signalling.

BS EN ISO 15118-8 Wireless communication interfaces.

IEC TS 62840-1 Swapping batteries: Discharged one replaced with a fully charged one.

BS EN IEC 62840-2 Specific safety requirements, regarding battery swapping.

The IVA process is required if a very small number of vehicles, in certain categories–
such as passenger cars, buses, coaches, etc.–are being made or imported [65]. There is a
basic IVA, involving a visual inspection and tests to ensure the vehicle meet the required
standards, and a normal IVA, entailing a more detailed inspection, requiring the vehicle
to meet extra standards with documentary evidence supplied [65]. As shown below, in
Table 2, there is specific guidance provided for electric and hybrid passenger vehicles (M1),
such as having protection on HV cable terminations, clearly marked indelible labels for
charging connection points and HV enclosures, orange-coloured HV cables, and earth
paths on metal enclosures for electric shock protection [66]. Regulation 100 (R100) is also
stated, which highlights standards that must be met for approval. For an electric retrofit,
the guidance for a visual inspection is useful to follow to ensure the system is appropriately
designed and set up, even if an IVA is not necessarily required. For buses and coaches
(M2 and M3), the IVA details are the same, except that the model report must be created
by the Technical Application Submission Service [67], instead of by the Customer Service
Centre, Ellipse Swansea for passenger vehicles (M1). Otherwise, the requirements for
orange cabling and suitable protection of HV terminations, etc. are still necessary.

Table 2. IVA details for electric and hybrid passenger vehicles (M1) [66].

Method of Inspection Required Standard

Provide satisfactory evidence in the following form:
Original mass-produced vehicle approval to ECE
R100.01.
Or

- Test report to ECE R100.01 witnessed by the
Approval Authority (VCA) or Authorised
Technical Service

- Model Report created by Customer Service
Centre, Ellipse Swansea (CSC)

and in these cases, a visual inspection is required.
Note: Vehicles with batteries of a maximum voltage of
48 volts only need to comply with essential technical
requirements of ECE R100.00. Also, stretchy or soft
coverings over high voltage (HV) terminals are
forbidden.

Vehicle must be presented with satisfactory documentary evidence of
compliance with the required standard for EVs.
Visual Inspection:

- All HV cable terminations must be adequately protected–these
protections (solid insulator, barrier, enclosure) must not be able to
be opened or removed without the use of tools.

- Vehicles with an external charging point must be clearly marked
on/near to the connection with an indelible label in a visible
location.

- Enclosures carrying HV must be clearly marked with an indelible
label in a visible location.

- All visible HV cables must be orange in colour.
- All metal enclosures with internal HV must have an earth path, to

protect against electrical shock (i.e., a separate bonding or
mounting arrangement that does not isolate the enclosure).
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Regulation 100 includes “uniform provisions concerning the approval of vehicles with
regard to specific requirements for the electric power train”, with part I referring to the
electrical safety of the vehicle and part II referring to the safety of the ‘Rechargeable Energy
Storage System’, such as a battery [68]. Within the document, there are many definitions
stated, as well as explanations of different tests, with required outcomes and details of the
test equipment to be utilised (chassis dynamometer, emission measurement enclosure),
in addition to calibration details [68]. There are sections relating to protection against
electrical shock and direct contact, stating that “live parts shall be protected against direct
contact”, and that, without the use of tools, barriers, insulators, and connectors “shall not
be able to be opened, separated, disassembled, or removed”, unless they meet certain
requirements, such as being under the floor or possessing a locking mechanism. Overall,
the document provides detailed, informative guidance for EV manufacturers to follow,
which is also extremely useful to retrofit conversion companies.

3.6. EV Financial Schemes

Firstly, although there are several financial schemes to incentivise EVs, one of the
major factors is that EVs are exempt from vehicle excise duty in the UK [69], which can
provide owners with considerable savings, given that for ICE vehicles it can reach costs of
£2245 per year [70].

If a vehicle is utilised to commute to work and charged at a charging point at the
workplace, the electricity provided by the employer is exempt from being taxed as a benefit-
in-kind, which is an incentive aimed to persuade employers to provide charging points [71].
Currently, there is an EV ‘Homecharge Scheme’, which provides a grant of 75% of the cost
of a charge point and its installation, capped at £350 (including VAT) per installation [72].
The scheme requires the applicant to own, lease, or have ordered, a qualifying vehicle,
as well as having dedicated off-street parking at their property [72]. Eligible vehicles are
published online, including many new EVs produced by major OEMs, such as the BMW i3
and the Vauxhall Corsa-e [73]. If the scheme was extended to retrofitted vehicles, it could
act as an incentive to aid the uptake in retrofits, as more people could afford home charging,
and therefore may be more willing to consider converting their vehicle.

Scrappage schemes for vans, minibuses, and heavy vehicles, organised by Trans-
port for London, have been suspended due to “unprecedented demand and limited
funds”, but they previously offered a grant of £7000 to £9500 for vans and minibuses,
and £15,000 for heavy vehicles [74]. The two schemes were available to small businesses,
sole traders, and charities, to replace vehicles that do not meet the emissions standards
of the ULEZ in London [74]. If there was potential for further funding then this scheme
could be adjusted or extended to provide grants for vehicles to be retrofitted from ICEs to
electric drivetrains, allowing more consumers to access the conversion, to accelerate the
transition to zero emission vehicles. It would be beneficial to have an assessment process
that ensures that the vehicle to be converted is of a certain standard, so that the vehicle
and its components will function safely for several years, and the conversion would be
worthwhile.

In the UK, there is a government ‘plug-in’ grant of up to £2500 for the purchase of
electric cars, which has been recently reduced from £3000 [75], and larger grants for bigger
vehicles, such as up to £6000 for large vans and up to £16,000 for trucks [76]. In France,
there is an incentive scheme which provided a subsidy of €7000 to the purchase of a new
electric car in 2020, with a planned update to provide €6000 in 2021, and then to provide
€5000 in 2022 [77]. In Germany, there is a total subsidy of €9000 available for new electric
cars with a net list price of less than €40,000, with €6000 being provided by the Government
and €3000 being provided by the manufacturer [78]. Furthermore, a governmental subsidy
of €5000 or €3750 is available for second-hand electric and rechargeable hybrid vehicles,
respectively, provided they have driven fewer than 15,000 kilometres and were registered
after 18 May 2016 [79]. These grants and subsidies highlight the intentions within Europe
to accelerate the transition to EVs, with a substantial amount of funding provided, so,
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therefore, there could be potential for an electric retrofit subsidy scheme, to create a financial
incentive for owners to convert their vehicles to electric.

In England, the Bus Service Operators Grant (BSOG) currently provides grant funding
to operators of local bus services, to offset fuel costs. [80]. In addition to this, an extra
6 pence per kilometre is available to some vehicles holding a low carbon emission certifi-
cate (awarded to a vehicle with 22 or more seats that can achieve a 30% reduction in its
GHG emissions versus a Euro 3 diesel bus) [80].

However, in some areas it is paid as a fuel duty rebate, and then electric buses are
not eligible as they do not utilise a ‘fuel’ that duty is paid on [81]. This, therefore, leads
to scenarios where a fuel-efficient diesel bus is eligible for more funding than a battery-
electric bus, which disincentives bus operators to switch to zero-emission alternatives [82].
The Department for Transport has, however, highlighted this as a “fossil fuel subsidy”
and proposed to reform the current funding, to benefit the environment and improve
efficiency [24], which, if completed, would be a progressive step towards zero emission
bus growth. In Scotland, under the BSOG, low emission vehicle incentive payments were
introduced in 2019, with eligibility being based on GHG emissions and the zero-emission
capability of a vehicle [83]. This enables low-emission buses (classified as having a 15–35%
GHG saving versus Euro V) to receive 5 pence per kilometre, at the lower end of the scale,
and ‘effectively zero-emission’ buses (classified as having a 36% + GHG saving versus Euro
V and a 50-km zero emission range) to receive 30 pence per kilometre, at the other end of
the scale [83].

These schemes highlight a number of financial incentives and benefits of EVs, demon-
strating the economic support for the sector, which covers electric retrofits in some areas,
although there is scope for further inclusion of retrofits, to make the market more viable
and popular.

4. Electric Retrofits

Electric retrofits offer an alternative option to buying a new EV, whilst gaining most
benefits of driving one. They are especially relevant as the UK government have announced
that the sale of new petrol and diesel cars and vans will end in 2030, and from 2035 all
new cars and vans will have zero emissions at the tailpipe, in an effort to deliver the net
zero emissions pledge [84]. This, therefore, is encouraging a mass transition from ICE
vehicles to BEVs and other emerging alternatives, such as hydrogen fuel cell vehicles.
As discussed earlier, the sector accounts for a vast amount of GHG emissions and, as
renewable energy accounts for an ever-increasing share of electricity generation, EVs have
the potential to considerably reduce this. As shown in Section 3, the number of EVs sold
and being driven has increased vastly, despite some downsides to the technology, such as
limited ranges and high costs, compared to new ICE vehicles. Purchasing a brand new EV
will not be financially viable for a lot of people and, therefore, if retrofit costs were low
enough, they could offer an alternative route to a zero-tailpipe emission vehicle, which
could also benefit from the financial advantages of driving an EV, such as reduced running
costs and charge exemption from low emission zones. OEMs provide new, electric options
for many standard vehicles, however, there are several niche markets that they do not
cover comprehensively, such as classic cars and emergency service vehicles. Additionally,
some used ICE vehicles may still have a high inherent value and, therefore, despite new
electric versions being available, it can be more economically viable to retrofit used vehicles,
instead of purchasing new ones. Furthermore, providing a conversion option for classic,
sentimental, or collectable vehicles, allows owners to keep their vehicles on the road,
without being financially penalised, whilst reducing their effect on the climate. Additionally,
the retrofit process can often be completed much more quickly than the production of
a new EV, thus, offering an alternative solution to help accelerate the transition to zero
emission vehicles, converting current vehicles on the road and, therefore, reducing the
amount that would need to be scrapped.
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In a report assessing the lifecycle GHG emissions of a retrofitted electric vehicle
compared to an ICE vehicle, over a 150,000-kilometre lifespan mileage, the retrofitted
vehicle provided a total GHG reduction potential of 2000-kg CO2 equivalent, or 2350-kg
CO2 equivalent, for an electric drivetrain produced locally or shipped from overseas,
respectively [85]. On a per kilometre basis, this equates to a potential reduction of 22%
in GHG emissions, for the conversion of an ICE vehicle into a BEV [85]. The lower GHG
saving for local production is due to the high fossil fuel use in Western Australia (the
area of study), despite the added transportation emissions of overseas production [85].
Another similar study, assessing the life cycle impacts of different vehicles, highlighted a
reduction of 36% in climate change impact of a new EV compared to an ICE vehicle, but
a further reduction of 16% in climate change impact for a converted EV [86]. The graph
below, in Figure 6, highlights the decreased lifecycle impact, in terms of CO2 emissions,
of retrofitted BEVs compared to new BEVs, with 156 g CO2-equivalent/km versus 180 g,
respectively [86]. This was further reduced when a renewable electricity mix was utilised
instead of a traditional fossil fuel supply, with impact levels of 97 g for new BEVs and
72 g for converted BEVs [86]. Given that the retrofitted BEVs have an even lower lifecycle
impact than new BEVs, which is lower than ICE vehicles, they could provide a relatively
fast, feasible option to aid the transition to zero tailpipe emission vehicles.

Electronics 2021, 10, x FOR PEER REVIEW  13  of  33 
 

 

used vehicles, instead of purchasing new ones. Furthermore, providing a conversion op‐

tion for classic, sentimental, or collectable vehicles, allows owners to keep their vehicles 

on the road, without being financially penalised, whilst reducing their effect on the cli‐

mate. Additionally, the retrofit process can often be completed much more quickly than 

the production of a new EV, thus, offering an alternative solution to help accelerate the 

transition to zero emission vehicles, converting current vehicles on the road and, there‐

fore, reducing the amount that would need to be scrapped.   

In a report assessing the lifecycle GHG emissions of a retrofitted electric vehicle com‐

pared to an ICE vehicle, over a 150,000‐kilometre lifespan mileage, the retrofitted vehicle 

provided  a  total GHG  reduction potential of  2000‐kg CO2  equivalent, or  2350‐kg CO2 

equivalent, for an electric drivetrain produced locally or shipped from overseas, respec‐

tively [85]. On a per kilometre basis, this equates to a potential reduction of 22% in GHG 

emissions, for the conversion of an ICE vehicle into a BEV [85]. The lower GHG saving for 

local production is due to the high fossil fuel use in Western Australia (the area of study), 

despite the added transportation emissions of overseas production [85]. Another similar 

study, assessing the life cycle impacts of different vehicles, highlighted a reduction of 36% 

in climate change impact of a new EV compared to an ICE vehicle, but a further reduction 

of 16% in climate change impact for a converted EV [86]. The graph below, in Figure 6, 

highlights the decreased lifecycle impact, in terms of CO2 emissions, of retrofitted BEVs 

compared  to new BEVs, with 156 g CO2‐equivalent/km versus 180 g, respectively  [86]. 

This was further reduced when a renewable electricity mix was utilised instead of a tra‐

ditional fossil fuel supply, with impact levels of 97 g for new BEVs and 72 g for converted 

BEVs [86]. Given that the retrofitted BEVs have an even lower lifecycle impact than new 

BEVs, which is lower than ICE vehicles, they could provide a relatively fast, feasible op‐

tion to aid the transition to zero tailpipe emission vehicles.   

 

Figure 6. Graph showing the lifecycle impact of new and retrofitted BEVs [86]. 

For electric retrofits, the current regulations may not be adequate, which could po‐

tentially allow unsafe conversions to occur, with unreliable parts, which may produce a 

serious hazard to vehicle users as well as the general public, either as other road users or 

as vehicle professionals, such as mechanics/vehicle technicians or Ministry of Transport 

(MOT) testers. 

4.1. Technical Procedure 

The technical process of an electric retrofit involves removing the previous ICE sys‐

tem, and other related parts, such as the exhaust system and fuel tank, and replacing them 

0
20
40
60
80

100
120
140
160
180
200

Mixed Urban Mixed

European 2004 Renewable

Im
p
ac
t 
(g
 C
O
2
‐e
q
/k
m
)

Driving Conditions
Electricity Mix 

Lifecycle Impact of New and Retrofitted BEVs depending 
on Driving Conditions and Electricity Mix

New BEV

Retrofitted BEV

Figure 6. Graph showing the lifecycle impact of new and retrofitted BEVs [86].

For electric retrofits, the current regulations may not be adequate, which could po-
tentially allow unsafe conversions to occur, with unreliable parts, which may produce a
serious hazard to vehicle users as well as the general public, either as other road users or
as vehicle professionals, such as mechanics/vehicle technicians or Ministry of Transport
(MOT) testers.

4.1. Technical Procedure

The technical process of an electric retrofit involves removing the previous ICE system,
and other related parts, such as the exhaust system and fuel tank, and replacing them
with an electric drivetrain, consisting mainly of an electric motor, battery pack, inverter,
and power electronics [19]. The electric motor converts electrical energy, from the battery
pack, into mechanical energy, to propel the vehicle and cause it to move in the desired
direction [87]. Different types of motors can be used, such as brushless synchronous DC,
AC asynchronous induction, or permanent magnet, each with different benefits [87]. The
battery is the energy source used to power the propulsion system and different battery
chemistries are used depending on the energy requirement and load [87]. The different key
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components included in an EV are shown in the block diagram in Figure 7, highlighting
the link between each. The role of the controller is to maintain the vehicle’s operating
parameters, by regulating the signal, whilst the converter converts the fixed DC voltage
from the battery into a variable voltage and a frequency signal, depending on the inputs
of the user—for example, from the brake or accelerator pedals [48]. Additionally, there
are auxiliaries, such as the lights, a heater, and power steering, which are not used for
propulsion, but must be powered [48].
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A case study exploring the challenges and solutions of electric retrofits highlighted
a time and cost-efficient process to convert an ICE vehicle to an EV, utilising engineering
procedures and software to undertake detailed analysis, providing an insight into the
extent of work which could be undertaken, and is potentially a necessary requirement, to
perform safe, reliable conversion [88]. A high-level overview of the process is shown in
Figure 8, highlighting the analysis procedure. Firstly, the computer-aided design (CAD)
data for the ICE vehicle and the electric powertrain is obtained, to undertake package
analysis and design a layout for the chassis system. ADAMS and CarSim software are
utilised to simulate the chassis system and the vehicle dynamics behaviour. Changes in
vehicle mass and, thus, centre of gravity are considered in the analysis procedure, as well as
ground clearance height [88]. This process, however, is very extensive work, which could
be completed by major OEMs, but may be unrealistic for retrofit companies, especially due
to the financial implications of lots of modelling software.
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Figure 9 displays the basic layout of an electric drivetrain for an EV, highlighting
the electric motor located under the van’s bonnet, often known as the ‘engine bay’ area
in ICE vehicles. The motor is able to provide instant torque, as well as being very quiet
and requiring lower maintenance than an ICE vehicle [89]. The battery pack is located
under the chassis of the vehicle between the front and rear axles, which connect the front
and rear wheels, respectively. Fitting it under the chassis, therefore, ensures that the load
area in the rear of the vehicle is not decreased. Power electronics are utilised to connect
the high-voltage battery to the electric motor and to the onboard electronics, supplying
both with energy [89]. Regenerative braking may also be included to recover energy that
is commonly lost during braking, by switching the motor to a generator operation and
passing the current to the battery, to be stored for future use [89].
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In comparison, for diesel and petrol vehicles, the ICE is located within the engine bay,
where the electric motor is situated in an EV, and the exhaust system runs from the bay,
along the bottom of the chassis, to the back of the vehicle, as shown in Figure 10. Therefore,
to retrofit a current ICE model, the components have to be removed and the available space
has to be utilised as appropriately as possible, to fit the electric drivetrain. This will likely
require additional mounts and brackets to be added, to hold parts in place, due to the
original vehicle design, not considering these new components. Effectively, the electric
drivetrain system shown above in Figure 9 must fit into the ICE vehicle layout, shown
below in Figure 10. For newer vehicles this may appear simple as the ICE model and EV
model may be very similar, despite their fuel type, however completing this process for
old classic vehicles that do not have a new electric version already being manufactured,
requires new designs and solutions to be created.
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To professionally complete a retrofit process, by utilising engineering principles, a
laser scan of the engine bay and underside of the chassis can be completed, to highlight the
layout and dimensions.

4.2. Benefits

After completion of a retrofit and the fuel type of a vehicle is converted to electricity,
there are several benefits that could potentially be gained, similar to a newly manufactured
electric vehicle. These include being able to drive in clean air zones (CAZs), ultra-low
emission zones (ULEZs), and zero emission zones (ZEZs) without being charged. Addi-
tionally, the vehicles will receive a discount on congestion charges in London, following
a successful application to provide the necessary details of the vehicle [90]. There are
currently several zones, and plans for many new zones, throughout the UK, therefore
highlighting the potential benefits for drivers of retrofitted vehicles. For example, there
are CAZs in operation in Bath (class C) and Birmingham (class D), as well as a zone in
Portsmouth beginning operation later in 2021 [91]. The other expected zones are in Bristol,
Bradford, Leicester, Manchester, Newcastle, and Sheffield [92], therefore covering several
major cities in England.

Table 3 below highlights the daily costs for a diesel van—£9 and £8—compared to
an electric van—no charge—in the two CAZs, as calculated by the online ‘CAZ vehicle
check’ system [93]. Hence, for a vehicle that is travelling into one of these zones regularly,
the costs for a diesel model quickly accumulate—for example, visiting the zone 5 days a
week results in a weekly charge of £45 (Bath) or £40 (Birmingham), which could equate
to a yearly cost of over £2000 in either area. In comparison, the electric model would pay
no charges, which highlights significant potential savings. As retrofit systems accredited
by CVRAS, including electric repowers, are already included in the CAZ exemption list,
it is likely that vehicles accredited by a new and updated scheme, specifically for electric
retrofits, would be included in this exemption.

Table 3. Table highlighting the daily costs for different vehicle models in CAZs [93].

CAZ Charge Per Day (£)

Vehicle Details Bath Birmingham

VW Transporter (2.5 Diesel, 2001) 9 8

VW e-Transporter (Electric, 2021) 0 0

On 25 October 2021, there was a vast expansion of the ultra-low emission zone
in London, and therefore many more vehicles will be required to pay the daily charge
of £12.50 (private cars, vans, motorcycles, mopeds, and taxis) or £100 (buses, coaches,
and heavy goods vehicles (HGVs)) unless they are exempt from the charges [94]. Many
London boroughs have been affected, with a large difference between the previous and new
zones [95]. As discussed with CAZs, regularly visiting the ULEZ would incur significant
costs for non-exempt vehicles—potentially over £3000 per year for cars, vans, motorcycles,
and taxis, or over £25,000 per year for buses, coaches, and HGVs, based on visiting 5 days
per week. Thus, switching to a vehicle meeting ULEZ standards would provide large
savings for regular users, potentially making the cost of a new vehicle more economically
viable in the long term. The emissions standards for the ULEZ are the same as for the
CAZs, and there are also some other exemptions, such as for residents, vehicles for disabled
people, taxis, historic vehicles, military vehicles, and specialist agricultural vehicles [94].

4.3. Current Retrofit Practice

In the UK, there are many retrofit companies offering services to convert ICE vehicles to
electric drivetrains, with a large price variation. There have been approximately 8000 diesel
buses retrofitted with exhaust after-treatment systems [96], but now several companies are
offering fully electric retrofits for buses, considered to be a “cost-effective viable alternative
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to buying new electric buses” [97]. It is noted that a brand-new electric double-decker bus
would cost around £400,000, with a delivery time of up to a year, whereas a retrofit would
only cost £200,000, with Equipmake, a bus retrofit company, estimating that they could
convert 5 diesel buses to electric powertrains per week [98]. Another company, Magnetic
Systems Technology, has previously converted a city sightseeing bus to electric, providing
annual environmental savings of 33 tonnes of CO2 and 535 kg of nitrogen oxides (NOx), as
well as an annual cost saving of £20,000 due to using electricity instead of diesel [99].

A selection of current car and van retrofit companies in the UK are shown in Table 4,
highlighting a price range of between £18,000 (ex. VAT) and £500,000, which suggests that
varying amounts of work are being undertaken for the different conversions. As a compar-
ison, a report states that, in Germany, retrofitting of smaller cars costs about €8000 (~£6800)
and €13,000 to €15,000 (~£11,000 to £12,700) for mid-size passenger cars [19,100]. Several
of these companies are also selling conversion kits and components, which would allow
members of the public to complete ‘private’ conversions. For new electric cars, prices
can be similar to retrofit conversion costs, as, for example, the Nissan Leaf Acenta costs
£25,995 [101] and the Peugeot e-208 costs £27,225 [102]. Therefore, for smaller cars, it is not
currently as cost-effective to retrofit instead of buying a new EV, like it is for buses.

Table 4. Table highlighting a range of current retrofit companies. (N.B: Some prices were sourced from press articles as they
were not supplied on the company websites.).

Company Name Type of Vehicles Costs (£) Additional Information References

Electric Classic Cars Classic cars From 22,000 Also sell kits and components. [103,104]

Zero EV Cars Kits from 15,000 to
65,000 Also sell kits and components. [105]

Falcon Electric Classic cars From 18,000 +VAT Lowest cost conversion uses
reconditioned parts. [106]

eDub Conversions VW campervans and
classic cars 40,000–60,000 Sell components too. [107]

Electron Garage Classic cars From 20,000 EV repairs too. [108]

Electrogenic Classic cars and vans From ~30,000 + VAT [109,110]

London Electric Cars
Classic vehicles (Mini,

Land Rover, Morris
Minor)

From 20,000 Developing conversion kits. [111]

Everrati Classic and iconic cars 150,000–295,000 Online vehicle configurator. [112]

Lunaz Classic cars 245,000–500,000 Powertrain designed and
engineered in-house. [113,114]

RBW Classic Electric Cars Classic sports cars From 90,000 Online customisation builder. [115]

The provenance of parts differs between companies, with some using reconditioned
parts [106] to keep costs down. Furthermore, it has been reported that batteries are being
used from vehicles that have been ‘written-off’ through an insurance claim, often from
Tesla vehicles [104]. In particular, Electric Classic Cars (ECC) often use these batteries, or
batteries that have previously been used for testing, produced by Tesla or LG Chem [104].
These batteries can be obtained at a lower cost and therefore can reduce the overall cost of
conversion, although they may have a reduced lifespan and potentially could be damaged,
which could lead to failure at a later date.

It is also stated that because the chassis and structural integrity of the vehicle are
usually not affected, an Individual Vehicle Approval (IVA) test is not required, and, due to
the lack of exhaust on the new system, an emissions test is not needed either [104]. Further-
more, if the vehicle is a classic, then it is likely to be MOT exempt, anyway, and, therefore,
the only requirement is to notify the DVLA of the change to an electric drivetrain [104].
Guidance from the Department for Transport states that classic vehicles are only MOT
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exempt if they have not undergone a ‘substantial change’ within the last 30 years, with
“alternative original equipment engines . . . not considered to be a substantial change” [116].
This highlights the uncertainty of the criteria and process, especially as a conversion to an
electric drivetrain is not mentioned in the guidance.

4.4. Current Accreditation Schemes

In the UK, accreditation schemes have been, and are currently, used for vehicle
alterations similar to an electric retrofit, relating to emissions and fuel types.

4.4.1. Clean Vehicle Retrofit Accreditation Scheme (CVRAS)

The Energy Saving Trust currently provides an accreditation scheme—the Clean
Vehicle Retrofit Accreditation Scheme (CVRAS)—which “certifies retrofit technologies that
meet UK Government standards”, aiming to address air pollution emissions from vehicles
and support CAZs [117]. A CVRAS register is available online, which highlights the
emission reduction systems, supplied by approved companies that are suitable for a specific
vehicle, following the input of vehicle details [117]. The approved manufacturers mainly
offer exhaust after-treatment systems, such as diesel particulate filter (DPF) and selective
catalytic reduction (SCR) technologies, although there are also re-powering options, which
involves replacing the current engine with a new, lower-emission engine or with an electric
drivetrain [117].

The full process for the CVRAS is shown in Figure 11, highlighting the different stages
that have to be undertaken, from the initial company audit, to the final retrofitted vehicle
which will be linked to the automatic number plate recognition (ANPR) camera systems
and become exempt from charges in restricted, low emission zones [96].
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With this scheme, the technology is checked and approved, however, the installers are
trained and certified by the system supplier; the operator gains a certificate of installation
from the supplier, but it is not approved by an independent body, which would be a
sensible additional measure for electric retrofits. For exhaust after-treatment systems,
which are most prevalent in the CVRAS, this limitation is less of a concern than it is for
electric retrofits. This is because an electric retrofit affects the whole control of the vehicle,
compared to just the exhaust system, and with a considerable number of companies now
offering retrofits, it highlights the need for updated regulations, or an updated scheme, to
ensure robust and reliable retrofit conversions.

SCR involves injecting ‘AdBlue’, containing urea, into the exhaust system [118] to
cause a chemical reaction converting NOx into nitrogen and water vapour, which leave the
tailpipe with a small amount of nitrous oxide [96]. The system is often fitted after a DPF,
which, therefore, has already trapped particulate matter emissions. The operation of the
system depends on the exhaust gas temperature, which is typically 200–450 ◦C, but can be
from 150 ◦C, for urea (AdBlue) injection [96].

SCR systems are capable of reducing the amount of NOx released into the atmosphere
by more than 95% [119], which benefits both the environment and human health, as
the emissions cause acid rain [120], photochemical smog [121], and harmful respiratory
issues [122].



Electronics 2021, 10, 3110 19 of 33

In comparison to converting the fuel type of an ICE vehicle to electric, these systems
are relatively simple to implement, as they only affect the exhaust system and not the
whole drivetrain. The systems are utilised by over 8000 buses in the UK, highlighting the
uptake of the technology following years of development [96].

Other technologies include ‘Diesel Euro VI repowers’, replacing the current engine
with a new Euro VI certified engine and an exhaust after-treatment system, which meets
requirements of the Euro VI emissions standards, in addition to improved fuel consumption
and extended lifespan, due to the new engine [96]. Furthermore, a liquefied petroleum
gas (LPG) conversion involves converting a petrol engine to use LPG as the engine fuel, or
replacing a diesel engine with an adapted petrol engine that utilises LPG [96]. Utilising
LPG reduces CO2 and NOx emissions in comparison to petrol and diesel vehicles [123].

The ‘Low Emission Zone Retrofit Fund’ is used in Scotland to provide grants for small
businesses, within a 20-km distance of a planned low emission zone, to retrofit their current,
non-compliant vehicles, with CVRAS-approved technologies [124]. Zones are planned to
be introduced in Glasgow, Edinburgh, Aberdeen, and Dundee in the first half of 2022 [124],
therefore affecting a large number of vehicles in Scotland. The grants can cover up to 80%
of the cost of the retrofit conversion, providing up to £5000 for the installation of exhaust
after-treatment systems on light commercial vehicles and wheelchair accessible taxis, up to
£10,000 for a re-powering system for wheelchair accessible taxis, or up to £16,000 for HGVs
or refuse collection vehicles [124].

4.4.2. LPG Conversion Accreditation Scheme

In order to ensure that these conversions meet a good level of quality and safety,
UKLPG accredit the work of companies to provide them the status of an ‘Approved
Autogas Installer’ [125]. There is a UKLPG vehicle register, which acts as an online
database to highlight the vehicles that have been converted to LPG, after being submitted
to the system by the approved installers [126]. To become an approved installer, the
company must have nominated technicians who have certain levels of experience and
have completed relevant training, and must undergo an inspection to gain a certificate and
register access, if successful [126].

The fundamentals of this scheme, such as utilising approved installers, with expe-
rienced technicians, could be replicated for an electric retrofit scheme, to ensure a good
standard of practice is met. Both of the above schemes highlight that accreditation has
previously been required, and implemented, for similar technologies to electric retrofits,
allowing consumers to obtain a safe, assessed end product.

4.5. Government Guidance on Electric Retrofits

Governmental bodies in the UK have produced guidance regarding changing the
officially registered fuel type of a vehicle, as is needed to ensure that a retrofitted vehicle
is identified as an EV. Currently, this process, according to the DVLA guidance, is to
provide a receipt showing that a new engine has been fitted or to provide confirmation on
headed paper from the garage of the work completed to convert an existing engine [127].
Furthermore, currently, there is no mention of an engine change under the list of ‘changes
that may need inspection’, which includes wheel plan, body type, vehicle identification
number, chassis number, and frame number (motorbikes), instead [127]. Therefore, under
the current process, there is potential for varying levels of practice to be utilised.

The tax band cannot be changed simply via an updated V5C document (a vehicle log
book), though, as this requires a separate process, involving the submission of a V70 form,
alongside the altered V5C, current MOT certificate (if the vehicle is not exempt), and written
proof of the change of fuel type, such as a garage receipt, to the DVLA [128]. For buses and
lorries, a plating or weight certificate must also be submitted, and a certificate of initial
fitness is also required for buses [128]. It is stated that the DVLA will confirm the change
and an updated V5C will be sent to the owner [128].
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The DVLA provide a point scoring system to determine whether a vehicle is classed as
a ‘radically altered vehicle’, which therefore must undertake a re-registration process [129].
There is an overall number of 14 points for an unmodified vehicle, but if parts are changed,
their allocated points, as shown in Table 5, are deducted from the overall total. If the total
number is reduced below 8 points, then the re-registration process is required [129]. In
regard to an electric retrofit, the modifications would include the engine (1 point) and the
transmission (2 points), with the potential for the steering assembly to be also changed
(2 points). This, therefore, would only reduce the overall total to 11 or 9 points, respectively,
which therefore would not trigger the re-registration process.

Table 5. ‘Radically altered vehicle’ point scoring system [129].

Part Points

Chassis, monocoque bodyshell (body and chassis as one unit) or
frame–original or new and unmodified (direct from manufacturer) 5

Suspension (front and rear)–original 2

Axles (both)–original 2

Transmission–original 2

Steering assembly–original 2

Engine–original 1

For buses, as a public service vehicle, there is a requirement to complete and submit
a ‘VTP5’ form to notify the DVSA of an alteration to the vehicle [130]. This form requires
details of the vehicle and the notifiable alteration that has been made, as well as any changes
to the carrying capacity, the type of suspension, and the unladen vehicle weight [131]. It
also includes logistical details for an examination of the vehicle, which would be carried
out, although there are no details of the specific procedure utilised [131]. In further
guidance, there are details of many regulations and standards, utilised for new vehicles,
which must be complied with for re-approval of the vehicle, such as ‘The Public Service
Vehicles (Carrying Capacity) Regulations 1984’ and ‘The Road Vehicles (Authorised Weight)
Regulations 1998 [132]. Although these are necessary regulations to ensure the safety of
the vehicle, and may be affected by an electric retrofit, they do not specifically regulate the
electric drivetrain system being installed.

5. Results

As a result of the literature research and industrial visits, information was collected
regarding the process required to register retrofitted vehicles as electric and the procedures
undertaken by different retrofit companies to complete retrofit conversions safely and to a
good standard.

5.1. Fuel Type Change

For passenger vehicles, such as cars and vans, Figure 12 represents the apparent
method of informing the DVLA of a vehicle that has been retrofitted, thus changing the
fuel type to ‘electricity’.
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Due to the ‘radically altered’ points scoring system, the majority of electric retrofitted
vehicles do not trigger this and therefore are not required to undertake the IVA process.
Following this, the only other level of testing is an MOT, which some vehicles are possibly
exempt from. If an MOT is required, the level of guidance for testers is relatively limited–
avoiding HV components and wiring, not interfering with the HV system, and abandoning
the test if any orange cables are damaged, are all suggested [133]–and the test relies on a lot
of visual inspection, as parts cannot be removed. To then inform the DVLA of this change,
a receipt of the work completed or a headed letter from the garage completing the work
must be supplied. Therefore, unlike new vehicle production, there are no specific checks
to ensure electrical safety or adequate handling, etc., before the vehicle can be driving on
public highways again.

Changing the fuel type of a bus to ‘electricity’ requires a more rigorous process, though,
as it includes test reports and an inspection at a test station. This is shown by the schematic
below, in Figure 13, highlighting the VTP5 form, which can be submitted to notify the
DVSA of an alteration to the vehicle, requiring documentation to be submitted. Several key
regulations are stated, as an example of what supporting evidence could be included, such
as a tilt justification report or braking test information, to prove that the vehicle is suitable
to be used safely on public roads. An inspection may still be required after this to examine
and check the work that has been completed, in line with the submitted information, before
signing the vehicle off, to be returned to service. The V5C document of the vehicle must
then be updated with details of the new fuel type and vehicle weight, before submission to
the DVLA for it to be updated on relevant registers.
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The above processes were reviewed and discussed in meetings with relevant govern-
ment departments.

The details of several retrofitted vehicles were entered into the DVLA online system to
check their details [134], which highlighted that the CO2 emissions were not registered as
0 g/km, as would be the case for a new EV. For example, a converted VW Beetle showed a
new fuel type of ‘Electricity’, but its CO2 emissions were shown as ‘Not available’, whereas
a converted Porsche Boxster, showed a new fuel type of ‘Electricity’ with its original CO2
emissions of ‘223 g/km’, as shown below in Table 6. Additionally, utilising the CAZ
online system highlighted that both of these vehicles would be exempt from charges in
all CAZs [93], which suggests that their system focuses on the registered fuel type of the
vehicle, not the CO2 emissions.

Table 6. Vehicle details of two retrofitted vehicles, highlighting the difference in information held by
the DVLA. Information obtained from: [134].

Vehicle Make Volkswagen Porsche

Date of First Registration January 1965 May 2004

Year of Manufacture 1965 2004

CO2 Emissions Not available 233 g/km

Fuel Type Electricity Electricity

5.2. Industrial Survey

Visiting several EV retrofit companies, based in England, facilitated discussions re-
garding the processes being utilised and the regulations or standards being met by each
company. Company names have been anonymised here for confidentiality purposes.
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5.2.1. Company A

Company A complete regular restoration work to the structure of the donor vehicle at
the start, resolving any issues to the chassis, such as rust. Staff members are HV trained to
a basic standard, and it is proposed that accredited partners will be supplied with assembly
guidance for conversion kits, as well as having a trained/qualified technician. This is
because the company carries out the engineering work (design and testing) themselves,
whilst a partner company fits the system. With a small team of engineers, they can carry out
design work, as well as testing and simulations with the aim of achieving the best practice
and a high standard. Technical specifications and design verification plans are utilised, as
well as exploring critical failures and assessing functional safety. A development vehicle
has been produced, which can be utilised and tested, to reassess any processes, if necessary.
CAD software is utilised to design several parts, which can be tested using finite element
analysis (FEA) software, to ensure they will be suitable, for example, enduring necessary
stresses. To protect parts produced, powder coating or corrosion-resistant coatings are
utilised. The provenance of parts varies, with batteries sourced new from a supplier, but a
second-hand motor utilised-following testing. The company had a similar understanding
of the process to change the fuel type of a retrofitted car, as shown in Figure 12.

5.2.2. Company B

Company B undertake a chassis assessment, for rust or damage, at the start and
complete necessary repairs. A large amount of testing is completed to ensure appropriate
safety levels are met, with a feasibility study undertaken to assess structural integrity. This
includes producing a CAD model of the chassis and the batteries and then simulating
it, using FEA, to highlight the ability of the chassis and axles, for example. Additionally,
regulations are met, through testing, to provide supporting evidence to submit with the
change of fuel type information. These regulations include: UNECE Regulation 13 (braking
test), Regulation 79 (steering effort), and Regulation 107 (tilt test) are considered. However,
an IVA tilt justification report may be submitted instead of the tilt test. Rigorous battery
testing is completed at pack level, as battery modules are purchased, including 8 different
tests: Vibration, thermal shock cycling, mechanical shock, fire resistance, external short
circuit, overcharge, over-discharge, and standard charge/discharge cycle. For retrofits,
bespoke battery packs are often required to meet the specific requirements of the vehicle. It
was suggested that it is sensible to meet Regulation 100 Part 1, however, although some of
it could be met, it is too difficult to meet Part 2.

In regard to functional safety, the core documents of ISO 26262 are aimed to be
completed, as it is considered unrealistic to complete full functional safety for retrofits, as
would be required for a new vehicle, due to time and financial constraints. A dedicated
safety engineer is employed and the following process, shown in Figure 14, is utilised.
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Hazards are identified, as well as potential failures for the intended functions, and
then hazard ratings can be calculated to obtain an Automotive Safety Integrity Level,
which can be used to determine the level of engineering required. Safety goals, and thus
safety requirements, can be produced, however, it is potentially very subjective, as they are
self-defined.
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Parts that are purchased are certified, however, the majority are manufactured by the
company themselves, adhering to their own standards. Following a retrofit conversion,
a warranty of 5 years on the parts installed is suggested, and a telematics system is to be
installed to monitor usage.

The company had a similar understanding of the process to change the fuel type of a
bus, as shown in Figure 13. Additionally, it was suggested that a safety case document could
be provided as a minimum, with the core principles of ISO 26262 being considered, and an
auditing system, like ISO 9001, could be utilised so companies would have certificates to
highlight the processes they follow.

5.2.3. Company C

Company C carry out necessary restoration work at the start, ensuring issues, such
as rust, are treated. A 3D scan of the vehicle is carried out, to aid the CAD work, as
well as measuring the vehicle in the workshop. Framework and/or mounting systems to
support the battery packs and motor are manufactured following this. Weight distribution
is considered and, thus, a split battery pack is utilised to spread the loading appropriately.
Battery packs are built from purchased modules, whilst an off-the-shelf engine control unit
is utilised with a core set of code provided (meeting ISO 26262), although extra functionality
is added where needed. Power distribution units and control software are also developed.
Many components are purchased, though, with direct supplies for CE-marked products
from OEMs, which are provided with installation guidelines.

Regarding safety, ground fault protection, brake balance (due to regenerative braking),
and electrical interference were discussed, with an overall aim of best practice, highlighting
that ISO 26262 could not be met in full, although the main principles of this and Regulation
100 are considered. As there are plans to sell vehicles overseas, other regulations would
have to be considered, such as TUV regulations within Europe. A ‘type approval’ process
was considered, whereby a standardised process for certain models can be approved, by
using the same components, for example. The placement of components within the vehicle
is considered to ensure that they are located sensibly for crash scenarios. A 12 V power
controller is installed and it was recognised that the control system needs to be able to
inform the driver of necessary information. The testing of a physical vehicle is carried
out at the Millbrook vehicle testing centre, in particular, to understand when a vehicle is
derating, so that issues can be mitigated. The company had a similar understanding of
the process to change the fuel type of a car, as shown in Figure 12. Additionally, it was
suggested that a physical inspection could be completed, with supporting documentation
submitted too, considering the provenance of parts, axle loads, and weight distribution, in
addition to proof of CAD and FEA work.

5.2.4. Exhibition

At the ITT Hub exhibition, on the 1 July 2021, at Farnborough International Exhibition
& Conference Centre, new EVs were on display, showcasing the electric drivetrain systems,
which allowed comparisons to be made with ICE vehicles. Several examples utilised the
same bodyshell as the previous ICE version of the vehicle, but with a new electric drivetrain.
For example, the Mercedes Benz E-citaro bus, uses the same bodyshell as the previous
diesel version, placing 4 battery packs in the back of the vehicle, where the engine would
have been, and up to 8 battery packs in the roof. The rear bay, containing the four battery
packs, is shown in Figure 15, also highlighting the orange HV cabling utilised.
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Figure 15. Mercedes Benz E-citaro electric bus. Photo taken by the author.

Additionally, the Fiat E-ducato and the Maxus eDeliver 9 both utilise the same shell as
their previous diesel versions, installing the electric motor in the engine bay area and the
battery packs along the underside of the chassis. Regenerative braking is included on both
vehicles; hence the braking systems are adjusted to incorporate it.

A Mitsubishi Fuso E-canter was displayed, highlighting more of the electric drivetrain
system, with orange HV cabling fixed along the chassis, and sealed battery packs, prevent-
ing ingress of debris or water, as shown below in Figure 16. This highlights the standard of
work required for a new EV, providing good guidance for electric retrofits, although it is
probably unfeasible to meet all of the same standards, due to financial and time constraints.
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6. Discussion

The results and analysis above highlight the simplicity of the apparent administrative
process to convert the registered fuel type of a car or van to electricity, requiring a receipt or
headed letter from the garage, with no evident inspections or checks to ensure that the work
has been completed safely. As an electric retrofit changes the drivetrain, which propels the
vehicle, not just the exhaust system, like an SCR retrofit, and therefore controls whether the
vehicle is stationary or moving, this could pose a potentially significant safety hazard to the
driver and other road users. Furthermore, as discussed previously, there are many safety
aspects to be considered with an electric drivetrain system, such as the lithium-ion batteries,
which have the potential to cause considerable fires, if they are damaged, not professionally
designed and tested, or not properly regulated by a management system. Due to the
potential inadequacy of regulations and inspections, the provenance of these parts can
vary greatly, with the potential for components to be used from written-off (previously
crashed) vehicles, which may be damaged. If this damage exacerbates over time, such as
a crack propagating, the result can be a significant fire, especially if an adequate control
or management system is not implemented. This highlights the need for a more rigorous
process to ensure that safety is at the forefront of these conversions, reducing the risk of
failures later on.

The apparent process to convert the fuel type of a bus to electricity highlights more
rigorous stages, which involve the submission of details of changes, ideally with supporting
evidence that the vehicle meets certain regulations, and an inspection or examination of
the vehicle. The process still appears prone to variation, without stipulation of minimum
requirements that need to be met, so therefore the retrofit conversions completed and
signed off could be to varying standards of practice.

The information provided by the DVLA online highlights that retrofitted vehicles
have successfully been converted to a fuel type of electricity and that they are now exempt
from charges in CAZs, therefore gaining benefits of an EV. These conversions, however,
have potentially been completed without any inspection or any proof that the work has
been completed to a good standard, which highlights an area of the process for potential
improvement.

Visits to retrofit companies highlighted themes of practice, such as undertaking general
restoration work to the donor vehicle, and using CAD software to simulate and test the
proposed designs and layouts, to ensure they would be suitable. All of the companies
considered weight distribution, and the subsequent loads, of the new system. Company B
undertook rigorous battery testing and focused largely on regulations and functional safety,
aiming for the main principles of ISO26262. The other two companies showed consideration
to ISO26262 and Regulation 100, however, the extent to which these were adhered to was
not as clear. Additionally, the provenance of parts utilised by the companies varied, with
one company producing the majority of parts themselves, one company aiming to purchase
the majority of their parts new and one company utilising a mix of new and second-life
parts. Within the ‘Current Retrofit Practice’ section previously, a wider variety of companies
were shown, highlighting another company openly stating their use of reconditioned parts.
The vast range in price of conversions was also shown, which depicts the budget that
companies would have to be able to complete the work; if a low-cost conversion is offered,
then companies may need to decrease costs in other ways, such as utilising cheaper parts.

All the companies had a similar understanding of the apparent processes to convert
the registered fuel type of vehicles to electricity, shown in Figure 16, whether for a car,
van, or bus. This suggests that these are relatively accurate and, thus, the seemingly very
simple car and van process is likely being utilised to convert vehicles currently. There may
be a requirement for an MOT test to be completed, however, changes to the process may
be required for EV retrofits, as currently it is mainly a visual inspection and parts are not
removed. Furthermore, as this is a new technology compared to ICE vehicles, MOT testers
may require additional training, which could incorporate retrofit conversions too.
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Vehicles at the ITT Hub exhibition further highlight the ability to convert current ICE
vehicles to electric, as several examples show how the bodyshell of the previous diesel
version/model was utilised for the electric version. This suggests that there is adequate
space to fit the electric drivetrain parts, after removing the ICE components, and that it can
be done without diminishing the safety of the vehicle, as these new vehicles are subject to
a multitude of regulations and standards. This highlights a very high standard of practice
that can be compared to with retrofits.

There are many benefits of an EV currently, from reduced GHG emissions helping
to alleviate the detrimental effect of the transport sector on the environment, to charge
exemptions in several major cities, reduced driving costs and lower maintenance. There
has been a considerable increase in the number of EVs sold in the UK and globally, with
charging infrastructure and battery production greatly advancing too. This highlights a
transition towards the technology, especially given legislation in the UK to ban the sale
of ICE vehicles. Therefore, alternative processes to reach these benefits and be part of the
transition will not only be prevalent but also beneficial. There are several companies now
offering electric retrofit conversions in the UK, with varying price ranges and levels of
practice, allowing vehicle owners, and operators, to keep vehicles on the road without
being financially penalised. In particular, this is popular with vehicles of a high inherent
value, such as buses and classic cars, as it is more economically viable. With a potentially
vast uptake in this market, the limited regulations could be of concern, due to the potential
for unreliable conversions and, thus, vehicles. Therefore, the requirement for regulations
regarding electric retrofits is even greater, as the technology becomes more prevalent.

The current CVRAS does technically include electric retrofits, however, it is mainly
aimed at SCR exhaust aftertreatment systems, and has limitations for retrofits, predom-
inately the fact that an independent body does not check whether a system has been
installed appropriately–instead, the supplier approves the installer, which is a major factor
when replacing the drivetrain of a vehicle. Thus, it would be beneficial to introduce a new
accreditation scheme that focuses on electric retrofits, setting necessary requirements. The
concern of a new scheme or regulations is that if they are too rigorous then the electric
retrofit market could become unviable, especially if they made the barriers to entry greater
than for new EVs. For example, the financial cost of lots of testing to meet regulations
could cause the conversion to be too expensive, reducing the demand considerably.

Furthermore, as highlighted previously in the report, the cost of an electric retrofit
for cars starts at around £18,000 to £20,000, however, a small new electric car costs around
£26,000, showing the similarity in costs. Therefore, several companies focus on more niche
markets, such as classic vehicles or buses, as the process can be more financially viable. For
example, a retrofit bus conversion can cost half the price of a new electric bus, which makes
it a more economically worthwhile choice. However, over time, with a predicted uptake
in EV production and sales, the parts for an electric drivetrain will likely become cheaper,
especially with plans for mass production of batteries in gigafactories, due to economies
of scale. This could, therefore, make these lower-cost retrofits more affordable, due to the
cheaper parts, although it could also make new EVs more affordable, depending on the
profits aimed for by the OEMs producing them. A major benefit of retrofitting vehicles,
though, is that it would reduce the number of vehicles required to be scrapped, compared
to purchasing all new EVs, therefore having a significant environmental impact. If this was
incentivised by the government, such as including electric retrofits in financial schemes
such as the ‘plug-in’ grant, or creating alternative new schemes, there could be a much
greater uptake. It would be beneficial for OEMs and electric retrofit companies to interact,
as they may be able to save time and resources and work in collaboration to allow this
process to operate more smoothly. For example, OEMs are likely to already have CAD
drawings and specific details of their previously manufactured vehicles, which they could
provide to retrofit companies, to prevent them having to repeat the same work when they
are converting that vehicle, hence making the process more efficient.
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Although three companies were visited to witness industrial premises first-hand,
these were mainly companies offering high-cost services. To strengthen the work, more
companies could be assessed with a wider variety of procedures. Current processes for the
conversion of the registered fuel type were obtained from available government literature
and discussed in a couple of meetings with relevant bodies. However, further meetings
would likely ascertain more details and may gain more clarity of the actual processes
occurring. Therefore, the number of industrial visits and meetings with governmental
bodies potentially limits the level of detail obtained, and the apparent lack of clarity limits
the certainty of administrative processes. The paper focuses on UK-based companies only
and thus could be explored internationally.

7. Conclusions

Electric retrofits have the potential to aid the transition to zero emission vehicles,
decreasing the significant contribution to GHG emissions that the transport sector makes,
as EVs can reduce GHG emissions by up to 90% compared to ICE vehicles and in addition to
reducing climate change, vehicle owners can benefit from charge exemptions in major cities
with potential savings of over £2000 per year, lower fuel costs, and reduced maintenance.
Converting current vehicles could limit the scrappage and wastage of well-functioning
vehicles that would result if only new BEVs were purchased, embracing the re-use principle
of a circular economy. Additionally, the BEV technology could be adopted at a reasonable
rate, whilst reducing the need to manufacture and market as many new BEVs in the
immediate future.

The current administrative process to convert a fuel type to electricity for a car or van,
following a retrofit conversion, appears to be simplistic, with current regulations that may
not adequately cover the post-registration retrofit market. For buses, there appears to be
a slightly more rigorous process, although the minimum requirements are not evident.
A reasonable number of retrofit companies are now in the market, with a vast range of
prices, offering a varying level of work, with differing conditions of parts. All companies
that were visited had a similar understanding of the process to change fuel type and all
displayed a level of engineering analysis that was completed during their retrofits, with
some focusing on regulations more than others. The limited regulations suggest that, in
comparison to new EVs, there may be an absence of specific checks to verify the electrical
safety and adequate handling, etc. of a retrofitted vehicle, which could lead to failures later
on. Therefore, the need for regulations regarding electric retrofit conversions is paramount
and will only become more necessary as the market grows. As such, an accreditation
scheme in the UK would be a recommended implementation, which could potentially
be replicated in other countries, depending on the specific processes undertaken there.
Further work is advised to determine the specific details of the criteria to be met, such as
numerical values and defined tests.

In the future, it would be beneficial to undertake further discussions with the DVLA
and DVSA to explore the potential of altering current, or introducing new, processes
to assess the safety and quality of retrofit conversions before the change of fuel type is
approved and the vehicle is allowed to be used on the road again. Additionally, discussions
with the Motor Insurers’ Bureau would be beneficial, as an accreditation scheme may result
in insurance companies only insuring accredited retrofitted vehicles, therefore, removing
the possibility of non-accredited, poorly converted vehicles being on the road.
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