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1. Introduction 

Electric Vehicles (EVs) are seen as a central pillar in the attempt to ‘decarbonise’ the 

UK transport fleet (Lane and Potter, 2007; Graham-Rowe et al., 2012). The need to 

‘transition’ to alternative powertrains has greater importance due to the UK 

Government’s commitment to ban the sale of all new petrol, hybrid and diesel vehicles 

by 2030. To promote the uptake of EVs policymakers have made significant 

investments in commercial research and development, demonstrator trials and charging 

infrastructure, as well as providing inducements such as vehicle purchase grants. This 

administrative emphasis on the transition to low carbon mobility has brought into sharp 

focus the differing experiences of motorists owning a vehicle using Internal 

Combustion Engined (ICE) technology for propulsion compared to other alternatively 

fuelled transport, as demonstrated by a number of UK government-funded low carbon 

passenger car trials (Robinson et al, 2013).1  

 

While there have been a number of high-profile urban EV trials in the UK, there has 

been comparatively less attention paid to the challenges faced by rural motorists; 

including a greater level of car dependence born of limited access to public transport 

(Gray et al., 2001; Velaga et al., 2012); and extended commuting distances to key 

employment centres (Andersson et al., 2018). These issues create potential ‘niches’ for 

EV use, presenting opportunities for more sustainable transport solutions to be 

introduced into rural areas. Where studies of electric commercial vehicles have 

occurred (e.g. Kaplan et al., 2008; Wikstrom et al., 2014, 2016; Globisch et al., 2017, 

2018), they have not, generally, taken into consideration how these challenges may 

affect rurally based firms. For example, what impact might low emission, and 

                                                           
1 Further details on these trials can be seen at the end of section 3 
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alternatively fuelled vehicles have on the logistics and overheads of rural firms relative 

to their urban counterparts? 

 

This paper aims to address the knowledge gap related to this technology transition and 

its suitability for transport provision for rural businesses by reporting the results of a 

two-year trial in the West Midlands region of the UK. The Warwickshire Rural Electric 

Vehicle trial (WREV) supported the use of commercial electric vehicles by a number 

of Small/Medium Enterprises (SMEs) in rural locations across the country2 Between 

2014 and 2016, trial data were gathered across a range of indicators including cost, 

performance, charging, range, Carbon Dioxide (CO2) emissions and journey distance 

and time. Interviews with participants in the trial were also used to obtain qualitative 

insights into the commercial viability of trial vehicles, as well as quotidian experiences 

of drivers. A key concern of the trial was to test the technological suitably of EVs for 

rural businesses, a particularly important issue should ICE path dependency create an 

irreversible technological lock-in for these firms.  

 

The paper makes several key contributions. Firstly, it extends the academic discourse 

surrounding the transition of the automotive sector to a zero emissions future by 

uniquely considering the opportunities and challenges facing rural businesses. It does 

so through a socio-technical thematic framework tested through the real-world 

experience of drivers. Secondly, the paper contributes to practice, enabling fuller 

consideration of the suitability of EVs for rural SMEs, their commercial viability and 

the overall benefits (and challenges) of adoption based on evidence from a trial of 

                                                           
2 The Warwickshire Rural Electric Vehicle trial was generously funded by the Department for 
Environment, Food and Rural Affairs and could not have occurred without their support. 
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sufficient length to enable well informed implications to be drawn. Thirdly, the paper 

contributes to policy discourse, providing a much-needed shift in focus to rural areas 

that can raise awareness amongst policy makers and help steer future interventions.  

 

The paper is structured as follows: Section 2 focuses on theory underpinning 

understandings of technology adoption. This provides the conceptual lens through 

which the challenges facing firms adopting EV transport technology can be understood. 

Section 3 contextualises transport and logistics challenges faced by rural enterprises in 

England, before Section 4 explains the methodological approach that was adopted for 

the EV trial.  Section 5 analyses the findings and discusses the potential impact EV 

technologies could have on rural firms. In concluding, the key contributions of the paper 

are presented. 

 

2. Technology adoption and path dependency 

Before considering the specific impacts on rural enterprises of changing vehicle 

technologies, it is necessary to understand, in broader terms, how technological changes 

can affect the operations of firms and their overheads. Theory examining these shifts 

dates back to exogenous growth model theorists who emphasised the value to firms of 

knowledge and experience for increasing productivity (Solow, 1956; Swan, 1956; Cass, 

1965; Koopmans, 1965). Romer (1990) added to this understanding by identifying that 

technological change arises mainly because of intentional actions taken by people who 

respond to market incentives. It should be noted that only a small percentage of 

innovations are actually adopted for productive purposes and even where significant 

technological advantage exists in adopting a new innovation, considerable delays occur. 

Farzin et al (1998) explain these delays as arising partially from cautious firm 
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behaviour. Pioneering advantage must be weighed against sunk costs in existing 

technology, costs of investment and learning, as well as potential consumer responses. 

Such factors have clear implications for rural firms considering the adoption new 

vehicle technologies.  

 

Whilst rural businesses are influenced by the same technology-push and market-pull 

factors that impact on the vast majority of UK businesses active in the private sector, 

they face considerable challenges compared to their urban counterparts when it comes 

to technological adoption. Agricultural businesses or firms located in rural areas tend 

to be smaller on average, with a higher proportion of micro-businesses and one-person 

businesses (Thomson et al, 2018; Phillipson et al, 2019). They are also increasingly 

diverse in their activities with different developmental pathways and technological 

needs (Hjalager, 2017; Morris et al, 2017). Additionally, business and finance services 

are generally less available to rural businesses, limiting the technological absorptive 

capacity of the business3 and opportunities for business diversification (Martin and 

Matlay, 2001; Thomson et al, 2018; Phillipson et al, 2019). In farming, for example, 

there is a move toward greater variety of economic activities, such as producing 

speciality products or haulage services to other agricultural businesses (Warren 2004; 

Morris et al, 2017). However, most English and Scottish farms employ less than ten 

labourers and depend on key decision-makers such as family and friends to determine 

where to diversify and what technology to adopt, as there is less easy access to 

professional organisations and business support services when compared to urban 

enterprises (Fernandez-Cornejo et al, 2007; Morris 2017). 

                                                           
3 "Absorptive capacity refers to the capability that a firm  can  advance  and  adapt  to  change  
through  the  circle  of  absorbing  knowledge ,transforming  knowledge  and  creating  new  
knowledge  and  generating  competitive advantage" (Zahra and George, 2002). 
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Spatial challenges also impact on the ability of rural firms to recruit skilled labour, a 

factor that Nguyen (2009) has shown is crucial to technology adoption. Travel is an 

important component of this problem. Differences in population density mean public 

transport services are less frequent, limiting work opportunities to those without daily 

access to a car (De Hoyos and Green, 2011). With a smaller pool to draw upon, rurally-

based firms have fewer options for development. Additionally, in the West Midlands, 

where the WREV trial was undertaken, previous surveys have indicated that firms 

located in rural areas had poor access to information technology advice and support 

services to upskill their workforce (Martin and Matlay, 2001). In the WREV trial, too, 

participants also indicated such problems played a part in their decision-making. 

 

Localisation is a key factor to the success of rural firms, depending, as they often do, 

on a stable local customer base, as well as nearby networks of knowledge and exchange, 

drawn from existing businesses and relationships (Thomson et al, 2018). However, that 

is not to say that rural businesses are isolated from urban enterprises, globalising forces 

mean that even micro-businesses in rural areas are reliant on markets and supplies from 

a wider geographical area (Roelandt and den Hertog, 1999; Hjalager, 2017). Urban-

rural connectivity is an important part of the rural business experience and remains an 

influential factor for technological adoption based on recommendations and pioneering 

experience. 

 

Furthermore, as technological advances can be unpredictable, there is also the spectre 

of future breakthroughs in parallel pathways creating redundant investment. Firms may 

prove reluctant to adopt new technologies since imitation is cheaper than innovation. 
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With the widespread adoption of a new technology, early gains by pioneers are often 

quickly wiped-out as convergence occurs, suggesting a tipping point for firms to 

embrace new technology. Firms might therefore favour coordinating with networks of 

agents to adopt technology (Moretto, 2000). In WREV, for example, businesses 

engaged in shared technological experiences in the trial to mitigate pioneering 

investment costs. Moreover, in the case of environmental challenges and technological 

innovation, there is a perceived added cost for firms to become early adopters as the 

cost of innovation for the private company may include social value. Private companies 

are not typically motivated by such positive spill-over effects (Purvis et al, 1995; 

Demirel and Kesidou, 2011). Alternatively, firms may embrace these environmental 

costs as a mechanism for improving corporate social responsibility and enhancing 

brand image and employee motivation (Globisch et al., 2017). In some instances, 

organisations might view meeting environmental challenges as an integral part of their 

business culture. This was one of the arguments examined in WREV. 

 

As will be shown by the results from the WREV trial, critical factors in the 

technological adoption rate of participants included the key ones discussed here; 

management decision-making, networks of knowledge, the availability of support 

services and workforce skills. Additionally the nature of the business of those involved 

in the trials also played an important part in the decision-making process related to 

using electric vehicles. All participants in the trial were SMEs, with participants 

categorised under the following selection of economic activities as identified by 

standard industrial classifications: Information and communication; Human health and 

social work activities; Accommodation and food service activities; Transportation and 

storage; Construction; Agriculture, Forestry and Fishing (Companies House, 2020). A 
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table of participants economic activities can be seen in Appendix B. Participants were 

locked-in to trialling just one vehicle. When compared to larger organisations, or those 

operating in the logistics industry, the level of sunk costs and lock-in for SMEs is likely 

to be different, potentially limiting the generalisability of some of these experiences.  

 

It is clear that the decision-making of firms in relation to adoption of new technology 

is typically an optimisation process, i.e. the value of the change is estimated by 

assessing cost against projected return. However, such assessments are not 

straightforward. Of considerable concern is the danger of path dependency due to 

events analogous to a Pólya urn model.4 The increasing returns associated with learning 

by doing can create a lock-in to technology. However, technological adoption is not 

inherently Pareto optimal. As Arthur (1989) demonstrated, technological selection is 

not always about the most suitable technology. Short term gains attributable to 

technology A may discourage the uptake of technology B even though the latter may 

have greater longer-term benefits.  

 

The interplay of this complex mosaic of social, economic, and technical factors in 

adoption is addressed by scholars who stress that a Multi-level Perspective (MLP) is 

required to understand these forces. MLP examines technological transition at three 

broad levels; the socio-technical landscape (macro), regimes (meso) and niches 

(micro).5 The stability of the overall system is dependent on interaction between 

                                                           
4 A Pólya urn model describes a sampling process whereby each time a selection of an object is made, 
an additional copy of is added to the sample. What starts as chance becomes a statistical landslide of 
likelihood, demonstrating how early decisions based around timing and providence can accrue 
enormous advantages.  
5 Macro: material infrastructure, political culture and coalitions, social values, worldviews and 
paradigms, the macro economy, demography and the natural environment. Meso: dominant 
practices, rules and shared assumptions. Micro: individual actors and technologies, and local 
practices. 
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embedded actors and organisational networks. For Geels (2002) path dependence and 

technological irreversibility occurs at the meso level. For example, in the transition 

from horse-drawn carriages to automotive vehicles Geels identifies several 

interconnected agencies in addition to the technological/product regime including; the 

science regime, the policy regime, the socio-cultural regime, and the users, markets and 

distribution networks regime (Geels 2002; 2005). These regimes share knowledge, tacit 

and codified, as well as rules – regulative, normative and cognitive – that while 

distinctive are still interdependent due to their connectivity. Change is wrought by 

macro pressures such as regulatory or environmental changes. In the automotive sector 

these pressures are currently being exercised through three exogenous focal points; 

emission reduction, health and well-being, and resource depletion (Geels, 2011; Begley 

et al, 2016; Berkeley et al., 2017; 2018).  

 

Typically, radical innovation is seen as occurring at the niche (micro) level, sometimes 

organically developing in response to changes in the socio-technical landscape as seen 

in the automotive sector where low emission zones are generating changes to mobility 

patterns (Geels, 2005; 2007; 2011; Begley et al, 2016; Berkeley et al., 2017). However, 

due to imperfect information flows and differing regime objectives these radical 

innovations may struggle to disseminate widely. Change is instead brought about when 

instabilities arise in regimes that are driven by problems with existing technology or 

emergent dominant design innovation, and these persist until the new technology 

becomes socially embedded (Genus and Coles, 2008). These observations have 

resonance with earlier research that viewed ICE as a dependent technological pathway 

that would require significant efforts from niche markets to reverse (Cowan and Hultén, 

1996). They identified six factors that would enable electric vehicles to supplant the 
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dominant technology of the Internal Combustion Engine (ICE); a crisis in the existing 

technology, regulation, technological breakthrough, niche markets and the role of early 

adopters, and, finally, scientific results leading to improved understanding for 

producers and consumers.  

 

It is this final point that is supported by findings of the WREV project, reporting on the 

experience of EV users in an extensive demonstrator trial-taking place at the micro level 

as per the MLP framework (Geels, 2002). In terms of relevant indicators to be taken 

from the data collected during WREV, a number of studies such as Diamond (2009), 

Ozaki and Sevastyanova (2011), Beresteanu and Li (2011), Gallagher and Muehlegger 

(2011) and Shepherd et al (2012), stressed the importance of EV subsidies to adoption 

for businesses. However, in contrast Zhang et al (2013) found a weak link between 

subsidies and new energy vehicle purchases in China, offering an important point of 

debate that can be addressed by responses from WREV vehicle participants. These 

subsidies may serve to mask the cost effectiveness of EV technology for commercial 

enterprises. In determining the suitability of the technology, it is important to assess the 

viability of EVs without access to additional government financial support. 

Additionally, in terms of cost factors, Turrentine and Kurani (2007) argue that EV 

adopters do not accurately incorporate fuel economy in their purchase decisions, 

leading to irrational choices, a point echoed by Sierzchula et al (2014). Sierzchula et al 

in their research focused on EVs generally and argued that knowledge and knowledge 

spillovers influence firms in their individual transport choices, desiring to make the 

correct transport technology choices now for future proofing purposes. To supplement 

these decisions, they looked to equivalent sized firms or ones engaged in similar 

activities for guidance.  
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Dijk and Yarime (2010) offered insight into the factors technology adopters used to 

determine whether to purchase hybrid electric vehicles or not. They acknowledge that 

market price is important, but not the sole criteria for decision-making. Supply and 

demand are considered integral, involving technology capabilities, business 

opportunities and future expectations for the product. These factors must be considered 

when assessing EV technology and its role in future transport provision for commercial 

enterprises. Another point to consider is the importance of a well-established charging 

infrastructure for alternatively fuelled vehicles such as electric vehicles (Yeh, 2007; 

Egbue and Long, 2012). The issue of infrastructure is particularly important for English 

rural enterprises as charge points are only sporadically available outside large urban 

areas in the UK (Begley and Berkeley, 2012). A well-developed support system will 

improve the viability and sustainability of this technology as a transport alternative. 

 

On the basis of the foregoing review, five key themes can be seen to emerge from 

previous research on technological adoption by business. Table 1. Shows that each of 

these can be linked to potential investments in transport technology by firms, and 

therefore present a useful socio-technical thematic framework against which data from 

WREV can be considered. 

 

Table 1: Thematic concerns addressed in WREV to assess technological suitability of EVs 

Theme Concerns Literature informed 

Theme 1.            

Investment and 

Operational 

Viability 

The viability of EV 

technology purchases, 

and operational 

running costs  

Ozaki and Sevastyanova (2011); 

Diamond (2009); Beresteanu and Li 

(2011); Shepherd et al (2012); 

Gallagher and Muehlegger (2011); 

Zhang et al (2013); Turrentine and 
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Kurani (2007); Sierzchula et al 

(2014); Dijk and Yarime (2010)   

Theme 2.             

Pioneering 

advantage 

Early engagement 

benefits  

Romer (1990); Farzin et al (1998); 

Moretto (2000) 

Theme 3.          

Developmental 

pathways 

Is the technology 

suited to journey 

types and business 

activities over time? 

Arthur (1989); Kemp et al (2001); 

Rotmans et al (2001); Geels (2002) 

Theme 4.                      

Social-Technical 

Challenges 

The social costs of 

adoption  

Purvis et al (1995); Demirel and 

Kesidou (2011); Globisch et al 

(2017)  

Theme 5.          

Optimisation 

Adaptability of the 

technology to work 

and labour needs 

Cowan and Hultén (1996); Genus 

and Coles (2008); Yeh (2007); 

Egbue and Long (2012); Begley and 

Berkeley (2012)  

 

   
 

3. Transport, rural business and EV trials  

3.1 Transport and rural business 

When considering the context for EV adoption, there has been limited research to date 

on the impact of EVs on rural travel in the UK, though there have been notable 

discussions around the implications for British rural motorists (Gray, 2004; Gray et al, 

2006; Shergold and Parkhurst, 2008; Büchs et al, 2011). This is a worrying omission 

given the importance of transport solutions to rural enterprises, which in turn impacts 

the economic well-being of these regions. In this sense, WREV is an important 

contribution to the understanding of these issues. The trial was designed solely for 
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rurally based SMEs to explore the suitability of switching to EV technology, whilst 

assessing its economic impact in terms of countering rising fossil fuel costs and 

supporting business development (Jones and Begley, 2016). Although there has been 

emphasis on understanding these issues from the perspective of urban motorists, rural 

users are often overlooked, at least in part due to the belief that EVs are seen as a 

technology more relevant to dense city environments. This is evidenced by the trials 

highlighted in Appendix A, which focus almost exclusively on urban driving 

conditions.  

 

The importance of technology solutions for rural business is underpinned by their 

influence on regional economic development. The most recently available data from 

Office of National Statistics (ONS) shows in 2016 there were 537,000 businesses in 

rural England, accounting for 24 per cent of all registered businesses the country, and 

employing 3.5 million people. On average, there are more registered enterprises per 

capita in predominantly rural areas than predominantly urban, a function of the fact that 

a greater proportion of people employed by rural registered businesses are employed 

by SMEs, 72 per cent rural compared to 41 per cent urban (ONS, 2018). 
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Table 2. Registered businesses by rural/urban classification in England, 2015/16; count, 

employed and turnover 

  

Count of 

Enterprises  

Enterprise 

count as % 

of England 

total 

Number of 

People 

Employed 

000s 

People 

employed 

as % of 

England 

total 

Total 

Turnover 

£m 

All Urban 1,676,570 75.7 22,492 86.6 4,355,014 

those in a sparse setting 3,005 0.1 23 0.1 1,526 

All Rural 537,080 24.3 3,466 13.4 429,118 

those in a sparse setting 33,300 1.5 175 0.7 13,946 

Urban major conurbation 814,950 36.8 11,073 42.7 2,661,725 

Urban minor conurbation 52,110 2.4 861 3.3 168,846 

All urban city & town 809,515 36.6 10,557 40.7 1,524,443 

those in a sparse setting 3,005 0.1 23 0.1 1,526 

All rural town & fringe 180,055 8.1 1,241 4.8 141,032 

those in a sparse setting 8,370 0.4 68 0.3 4,674 

All rural village 178,815 8.1 1,042 4 131,035 

those in a sparse setting 9,880 0.4 46 0.2 3,702 

All rural hamlet & isolated 

dwellings 178,210 8.1 1,183 4.6 157,051 

those in a sparse setting 15,050 0.7 61 0.2 5,569 

England 2,213,650 100 25,958 100 4,784,132 

(Source: Office of National Statistics, Statistical Digest of Rural England, February 2018) 

 

The nature of rural business is gradually evolving with increased opportunities for 

consumer-facing businesses alongside a decline in more traditional retail, health, and 

agricultural operations (Bosworth and Turner, 2018). However, data from the ONS 

(2019) indicates that some 15% of rural businesses operate in the agricultural sector, 

compared to the national total of 3.8% for England. In the most isolated settlements, 

the number of agricultural businesses increases to 32.2% of the total number of firms 

operating in these locales. Alongside agriculture, professional and technical services, 

wholesale and retail trade, repair of motor vehicles, and construction other key areas of 

activity in the rural economy. In contrast, urban areas see a greater propensity of firms 

operating in sectors such as administration, education, health and social work, and 

information technology.  



14 
 

Alongside these sectoral differences, rural businesses also have other different 

characteristics to their urban equivalents. For example, Phillipson et al (2019) outline 

that rural businesses are more focused on serving local markets, with those operating 

in sparse communities having smaller numbers of potential customers. As such, this 

presents challenges in terms of growth but is advantageous in terms of stability for 

existing organisations as few firms from outside these areas are attracted to rural 

markets. This stability may also encourage greater profitability relative to urban firms. 

Furthermore, Phillipson et al (2019) also posit that rural firms draw on a smaller labour 

force, whilst digital infrastructure is also weaker than in urban locations, potentially 

impacting innovation. The logistics challenges for these rural businesses differ 

somewhat. Rural enterprise activity is spread across greater geographic areas and they 

struggle to find suitable premises with access to key services and infrastructure. This is 

particularly true for transport with firms and their workers subject to inferior access to 

public transport and infrastructure compared to urban businesses (ONS, 2018).  In part 

this stems from a lack of information related to the needs and challenges for rurally 

based firms, a key finding from the WREV trial.  

 

Additionally, rural firms face considerable challenges surrounding their travel patterns. 

Typically, they engage in longer journeys for purposes of business. Table 3 below 

shows annual mileage for households in urban-rural areas to travel for key services and 

employment opportunities.  
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Table 3. Average minimum travel time (in minutes) to reach the nearest key services by 

car, England, 2016 

Services Area type* 

Area 

Type 

Centre of employment (jobs) All Urban  

All 

Rural 

100-499  7.3 9.8 

500-4999  8.1 10.9 

5000 or more 16.8 26.3 

Education centres     

Primary school 7.6 8.1 

Secondary school 9.7 13.4 

Further Education 10.7 15.7 

Health centres     

GP 7.7 9.3 

Hospital 18.2 26.3 

Food store 7 8.8 

Town Centres 11.2 16.2 

Average¬ 10 13.6 

*Defra's Rural Definition and Local Authority Classification has been used     
¬The average of medium sized centres of employment, primary schools, secondary schools, further education,  

GPs, hospitals, food stores and town centres. 

 

Source: Department for Transport Statistics 2018 

 

Unsurprisingly perhaps, the more remote a household the longer the journey, but there 

is a significant difference between urban and rural travel patterns overall. For example, 

there is a sharp contrast in travel times to medical services. By extension, it is presumed 

that businesses located in rural areas are subject to the same transport challenges.  

 

3.2 EV Trials  

To inform the methodological approach to the WREV trial it was necessary to draw on 

learning and approaches from a range of vehicle trials (see Appendix A). Franke et al 

(2012) reported on a trial of 40-leased electric vehicles in the Berlin metropolitan area 

in Germany. The aim of this research was to understand psychological barriers to 

uptake. While the trial was based in an urban area, it nonetheless showed the value of 
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using a mixture of qualitative and quantitative methods. Graham-Rowe et al (2012) 

used semi-structured interviews of 40 non-commercial drivers recruited from the south 

of England through the Transport Research Laboratory. Their research focussed on the 

experience of 20 drivers using battery electric cars and 20 using plug-in hybrid cars. 

While this trial did not include commercial users, it did make a distinction between 

urban, suburban and rural participants and offered useful insights to the methodology 

underpinning WREV. 

 

The organisers of the WREV trial were also able to draw on their personal experience 

with organising and evaluating the delivery of the Coventry and Birmingham Low 

Emission Demonstrators trial (CABLED) in 2009.6 Crucially this trial occurred in an 

urban setting and one of the findings from CABLED was the need to replicate similar 

activities in a rural locale. Building on CABLED and utilising approaches from the 

academic sources in Appendix A, the methodology for WREV was developed. Broadly, 

it mirrored the majority of EV trials in the UK and further afield, using a mixture of 

quantitative indicators and qualitative interviews with participants to inform 

understanding.  

 

4. Methodology used in WREV trial 

The methodology underpinning the trial identified the need for quantitative and 

qualitative approaches to participant selection and engagement. The key eligibility 

criteria for inclusion in WREV were:  

                                                           
6 CABLED was the largest of these trials, overseeing 110 cars (Switch-EV ran 44 vehicles.) The trial was 
an example of eight national trials of electric and hybrid vehicles. It was government funded as a part 
of the Technology Strategy Board’s £25m Ultra Low Carbon demonstrator programme. 
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 To have a rural postcode on the Rural Growth Network (RGN) checker  

 Employ fewer than 250 people 

 Have the potential to create or safeguard jobs as a result of the ‘added value’ 

provided by the project 

 To belong to local rural business networks in order to promote EV awareness 

among other enterprises 

Additionally, it was specified that the participating businesses must be drawn from a 

variety of economic sectors to reflect the diverse character of rural enterprises. The 

breakdown of business activities can be seen in Appendix B.  

 

The economy of rural Warwickshire is diverse, with construction, professional services, 

wholesale and retail, tourism, and manufacturing the largest sectors in terms of output. 

In contrast to the picture for the entire UK rural economy, agriculture is less important 

to Warwickshire. However, agriculture does still feature as an important component of 

activity in the Rugby and Stratford districts of the county (Warwickshire County 

Council, 2016). In assessing the WREV participants against this picture, it is evident 

that firms from sectors falling under the broader categories of construction, professional 

services, and wholesale and retail are represented. Alongside these firms, those from 

agriculture, healthcare, event management, and electrical engineering were also part of 

the trial. This provides a useful dataset representative of firms in a setting typical of less 

remote rural areas in the UK. More generally however, the form of the trial is replicable 

across settings and spaces with interest expressed from several rural states in the US. 
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In joining WREV it was anticipated that SMEs would see benefits in terms of reduced 

carbon footprint, lower fuel costs, and business development as suggested by Moretto 

(2000). The businesses who participated in the project were given:  

 A feasibility study to assess the practicality and viability of a business switching 

to EV technology 

 £2,000 in grant funding towards the lease of an electric vehicle for up to a two-

year period 

 Installation of a free charging unit at a location suitable for the business 

 Monthly Reports on cost savings, usage, and emissions  

 A free EV eco-driving session for designated drivers 

 Technical and project management support  

Participants were drawn from across rural Warwickshire7, with SMEs operating in 

locations such as Tanworth-in-Arden, Kenilworth, Stratford-upon-Avon, and Rugby. 

64% of Warwickshire’s territory is classed as ‘rural’ with greater areas of rurality in 

North Warwickshire and the Stratford districts. For example, in North Warwickshire, 

74% of the population live in rural locales whilst this is 68% for the Stratford district 

(Warwickshire County Council, 2016). As a result, these two locations have longer 

average journey times to key services (12.2 and 12.1 minutes by car respectively) when 

compared to the county score of 10.8 minutes (DFT, 2019). It is also evident that 

Warwickshire has shorter average travel times to key services when compared to other 

non-metropolitan counties in the West Midlands such as Herefordshire, Shropshire, 

Staffordshire, and Worcestershire.  

                                                           
7 The trialists were drawn from areas in rural Warwickshire which were classified as ‘Rural village and 
dispersed’ and ‘Rural town and fringe’ in ‘not sparse’ areas as defined by the ONS (Warwickshire 
County Council, 2016; ONS, 2015). Therefore, this study does not contain more isolated rural 
enterprises in a ‘sparse setting’.  
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Although these businesses were all SMEs the size of the organisations varied from 

‘micro’ family firms with two or three staff members to larger operations employing 

twenty or thirty people. In total seventeen vehicles were used in the trial with sixteen 

organisations taking part for periods, which varied from a few months to up to two-

years. The impact of this ‘staggered’ participation was that the number of vehicles 

fluctuated from 7 in May 2014 to a peak of 16 in early 2016. Of the businesses involved 

in WREV, only one participant withdrew from the project before the end of their vehicle 

lease.8 

 

All of the vehicles involved in WREV had an all-electric drivetrain and did not have a 

petrol range extender. The majority of users, nine businesses in total, adopted a 24kwh 

Nissan Leaf which had an anticipated range of 124 miles based on manufacturer testing 

in standard conditions9.. However, users reported that reaching this figure was 

challenging due to differences in driving styles, climate, and terrain. A further six 

participants selected the 24kwh Nissan E-NV200 electric van which had a slightly 

lower test range of 106 miles. The remaining two businesses adopted the 19 kWh BMW 

i3 with a test range of 118 miles. Again, in both cases, users stated that reaching this 

range was difficult due to real-world conditions.   

 

In terms of data collection from the trial both vehicle performance indicators and user 

experiences were considered. In their analysis of the Swedish National Procurement of 

Electric Vehicles and Plug-in Hybrids scheme, Wikström et al (2014) argued that the 

                                                           
8  Participant expressed concerns surrounding the security of vehicle tracking. Additionally, changing 
travel patterns related to family circumstances altered thinking related to EV use   
9 Test Ranges are calculated in laboratory conditions which do not reflect real-world driving. This 
refers to aspects such as climate and terrain.   



20 
 

collection of data from multiple sources enabled the user perspective to be explored in 

order to achieve an ‘interdisciplinary socio-technical comprehension’ of vehicle 

operation. To do so, organisers of the trial collected usage data from vehicles as well as 

securing first-hand observations from trial participants. This study, broadly, follows the 

approach of Wikström et al (2014). Other approaches were considered. For example, 

Burgess et al (2013) placed less emphasis on the use of vehicle data; however, their 

trial differed in its objectives to WREV, as the focus of the investigation was to generate 

insights from drivers. Conversely, Graham-Rowe et al (2012) did collect some vehicle 

data, but they too placed greater emphasis on participant perceptions. Again, the 

objectives here differed from that of WREV, with its focus on commercial transport 

logistics as well as user experience.   

 

During the WREV trial, each of the Nissan vehicles10 were fitted with a data logger, 

which recorded details of all trips undertaken. This included mileage, travel time, start 

point and end destination, average speed (mph), maximum speed (mph) and expected 

fuel usage.  

 

Alongside data collected from the vehicles, qualitative data were generated from three 

key sources. Firstly, observational research took place at a ‘driving day’ designed for 

participants to share experiences. The driving day enabled participants to learn from 

each other whilst detailing best practice and challenges. Secondly, insights were 

secured from participants through conducting an online survey shortly after they joined 

the trial. The survey included a series of questions assessing their motivations for 

                                                           
10 Data Logger provided by specialist firm. Due to size constraints it could not be fitted into the BMW 
i3’s. BMW drivers kept a manual record of their mileage.  
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joining WREV such as; initial/expected usage patterns, early impressions of the 

vehicle, charging habits, and whether any additional support was required. These 

questions enabled an initial assessment of suitability to be conducted. The survey was 

completed by 12 of the 16 businesses (75%) who joined WREV. The questionnaire was 

completed by an SME shortly after they joined WREV, which enabled an initial 

assessment of suitability to be undertaken.  

 

Thirdly, in building upon these responses, and creating a more holistic view of 

technological suitability, qualitative semi-structured interviews were conducted 

towards the end of the trial. These interviews explored user experiences, motivations, 

routines, benefits, and viability. The interview enabled participants to state, in detail, 

how their business had been impacted by adopting EV technology, and to consider 

whether their usage patterns had developed over time. Although the majority of these 

interviews took place face-to-face, some respondents requested a telephone interview 

instead. Typically, these interviews lasted between 40 and 60 minutes. Insights were 

secured from 14 of the 16 businesses, with the two remaining SMEs unwilling or unable 

to contribute due to personal or business circumstances. In most cases, the interview 

respondents were the same participants who had completed the questionnaire and these 

results were used to guide some of the discussion. All respondents had some experience 

of driving the vehicle, whilst many were considered as the ‘main’ driver. Together these 

three sources of data provide a rich data set through which to analyse the suitability of 

EV technology from a commercial perspective.   
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5. Findings from the WREV Trial 

As stated, the purpose of the study is to assess the suitability of EV technology for 

rurally based firms in the UK. To address this question, the findings of the trial focus 

on the indicators identified in Section 2 and adopted for the investigation.11 The results 

of the trial raise a number of questions surrounding the use of EVs by rural enterprises 

in Warwickshire as will be demonstrated. Interestingly, there were notable positive 

findings that indicate with appropriate support and investment from regional and 

national bodies, this emerging technology could potentially replace existing ICE 

commercial fleets.  

 

Table 1 provides a socio-technical thematic framework drawn from the literature that 

will be used to frame the analysis that follows.  In summary these themes addresses 

areas such as operational and investment costs, pioneering advantage, development 

pathways, socio-technological challenges, and optimisation. The primary consideration 

that emerges in the findings is investment costs set against operational returns. Early 

engagement with EV technology also offered an opportunity to mitigate these 

investment costs through experiential learning as part of a network of pioneering 

organisations. Furthermore, these firms sought to benefit from socio-technical values 

related to brand image, employee motivation, and anticipation of future transport 

planning developments.  

 

5.1 Investment and Operational Viability  

                                                           
11 As noted in Section 1, the relevant indicators were drawn from a range of studies including 
Beresteanu and Li, 2011; Gallagher and Muehlegger, 2011; Zhang et al, 2013; Turrentine and Kurani, 
2007; Sierzchula et al, 2014; Dijk and Yarime, 2010; Yeh, 2007; Egbue and Long, 2012; Begley et al, 
2012; Begley et al 2016. 
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Data from the trial provided an insight into the variegated reasons for engagement by 

trial businesses. As seen in Table 1, a body of existing literature focuses on the 

importance of investment and operational costs in influencing adoption. In line with 

these arguments, many participants were eager to understand the costs associated with 

running an EV. However, evidence collected from the participating businesses 

suggested that motives behind the decision to adopt an EV were complex and could be 

broadly categorised under technological interests, environmental concerns and 

financial/business motivations.12 . As such they were not limited to financial concerns 

alone. Examples of these views are captured in Table 4 below.  

 

Table 4. Illustrative examples of respondent reasons for engagement 

Technological Environmental Financial/Business 

“I do a fair bit of sustainable 

development work and helping 

SMEs, not on a particular 

technology, but doing 

assessments to see what 

technologies might be 

appropriate for them. 

Therefore, turning up in an 

electric vehicle reinforced my 

message. I was living it, not just 

telling someone else to do it” 

(Respondent C) 

“I was looking at electric 

vehicles before this 

[trial] came along…. I 

have already got solar 

panels, we are organic 

farmers, we are trying to 

do the environmental 

things. I have been 

interested in that sort of 

thing for quite a long-

time” (Respondent F) 

“The financial terms were 

favourable. It suited our 

purposes and fitted into our 

company way of life… The 

environment, I am not an eco-

warrior. I do believe there is 

too much wrong with the world 

to try and get it right with the 

environment. The reason I 

went for it was the financial 

advantage” (Respondent G) 

“I wanted to find out more 

about [EVs]. Prior to having the 

car, we put 90kw PV cells in, so 

we’re trying to make best use of 

the electric regeneration” 

(Respondent D) 

“I think we need to take 

care of our environment 

and think about the way 

that we live and look 

forward to what our 

children and 

grandchildren [will 

have] to protect things 

for them when they are 

older” (Respondent J) 

“We are a small organisation, 

we don’t have a massive 

surplus of cash, and we did it 

because we could see it could 

possibly break even if we did 

enough miles in it” 

(Respondent A) 

                                                           
12 Though the figures are only for the 10 of the SMEs, 87 per cent of survey respondents stated that 
‘keeping up with latest vehicle technology’ was a motivation. 93 per cent said environmental 
considerations were important, and 87 per cent noted the availability of the grant support as being 
influential. 
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  “It’s nice to look to be 

green to the public, and 

to try and encourage it. 

One of the Doctor’s has 

quite a high interest in 

it.” (Respondent K) 

“The grant was really the 

cherry on top. That’s got to be 

it really for any business 

looking at it. It helps. I would 

defy anyone to say that it 

doesn’t” (Respondent N) 

  “Particularly on our 

renewables side you’ve 

got to practice what you 

preach. It’s pretty 

important to us” 

(Respondent B) 

  

 

Notably four of the firms involved in the renewable energies sector stated their desire 

to adopt the technology so they would be perceived as being both current in their 

knowledge and environmentally conscious. Adopting EVs as part of their commercial 

fleet was, therefore, used to promote their business activities, and thereby generate 

competitive advantage. Yet the most telling factor in terms of adoption for these firms 

was the financial incentives on offer.  

 

In WREV, there was a general acceptance of the value of adopting cleaner technology 

in terms of environmental impact and business promotion. In particular, this was true 

for those enterprises who anticipated reducing operational costs by generating their own 

electricity to charge the vehicles. However, the initial financial support offered through 

the scheme was a critical factor for many organisations that otherwise would not have 

been able to afford an electric vehicle. While Dijk and Yarime (2010) and Zhang et al 

(2013) are correct in suggesting that EV adoption is driven by a variety of factors, not 

solely subsidies and market price, the evidence from this trial indicates that without 

these incentives businesses are reluctant to engage as early adopters.  

 

The implications for EV engagement by rural firms are evident, costs are a substantial 

barrier to adoption, but extensive subsidisation is not a viable financial model in the 
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longer term. It could be argued that the specific challenges of operating a business in a 

rural area justify some form of financial support from local or national authorities, but 

this could create the type of path dependencies discussed in Section 1, generating a 

technological lock-in for rural based businesses that would undermine normal market 

operations and inhibit other competing technologies. Moreover, specific rural 

incentives could also create different technological pathways for rural transport 

networks that might serve to isolate rural communities and enterprises from urban-

based services and employment opportunities. 

 

5.2 Pioneering Advantages  

Performance indicators are an essential component to contextualise the impact of EV 

technology for transport. As seen in Table 1, a key consideration for the participants 

was early engagement with EV technology with a view to gaining a pioneering 

advantage, for example, through learning of their EVs performance from sustained 

exposure to the technology. The duration of the WREV trial provided ample 

opportunity for this. The WREV fleet travelled a total of 211,934 miles over the 18- 

month period, with a wide disparity in usage. For example, three users recorded over 

20,000 miles worth of driving, whilst three more drove less than 5,000 miles. In 

assessing ‘typical’ usage rates, the mean per user was recorded at 12,467 miles, whilst 

the median was calculated at 12,336 miles per user13.  

 

In terms of frequency of use, across the fleet of Nissan vehicles a total of 35,814 trips 

were recorded, equating to an average of 4.8 miles driven each trip. This figure is, 

                                                           
13 Measuring standard Deviation is problematic due to the staggered entry points of users and the 
sample size of the trial.  
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perhaps, somewhat lower than expected due to the conditions of rural journey types of 

commercial enterprises in these areas. What the trial demonstrated is that a single 

journey can be made up of numerous short trips, for which EV technology is well 

suited14. This point is evidenced by the responses from participants; the vast majority 

of those canvassed (93 per cent) agreed that the electric vehicle they were using was 

ideal for short trips.  

 

Figure 1. Average Monthly Mileage per Firm  

 

 

Figure 1 highlights a wide disparity in average monthly mileages recorded by the 

WREV business with a range of 1,188 between the firm with the highest and lowest 

monthly average. Seven users recorded an average monthly mileage in excess of 900 

whilst six recorded less than 600. The level of usage was influenced by several factors, 

including seasonal variations, business circumstances, increasing confidence in the EV, 

but also an element of learning the technology. For example, one participant 

                                                           
14 In this trial, the authors differentiate between journeys and trips. A journey encompasses a number 
of different ‘trips’. For example, in the process of completing a journey, a participant may have a 
number of stops such as a school run on their way to work.   
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(Respondent B) stated that during the first year of the trial the EV was used sparingly, 

which impacts upon the benefits which can be accrued from using the vehicle. 

However, in the second year, another employee was assigned to the EV increasing 

usage. This also demonstrates the growing confidence the firm had in the technology. 

 

Growing usage rates over the long duration of the trial also meant that firms were better 

positioned to take pioneering advantage of the financial benefits of adopting an EV. For 

instance, those organisations with the highest rates of usage were able to generate 

estimated savings on fuel well in excess of £1,000 per annum. One business was able 

to save an estimated £3,226 over the duration of WREV, whilst 10 other organisations 

saved in excess of £1,000 on fuel costs. In contrast, those businesses with much lower 

rates of usage were less able to take advantage of the cost savings, with one firm only 

saving £92 on fuel costs due to its travel patterns. Furthermore, for the earliest adopters, 

increase in the price of fuel during the 2014-15 period meant that during the first year 

there was a greater opportunity to make cost savings.  

 

However, for most users there was a period of ‘adaption’ to the new technology, and in 

some cases, this involved running out of charge in the vehicle. In one case, this 

experience was used by a business to amend the type of journeys the EV would 

undertake: 

 

“The range is affected greatly by many things, one is weight, the other is the 

temperature and conditions outside. We’ve normally got a range of ninety miles. 

I did a delivery round first thing in the morning, and literally within an hour I 

had run out of range because I had done fifty miles up and down hills in cold 
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weather. It saps the power and that is the limiting factor, the major limit of the 

whole exercise” (Respondent M) 

 

This comment also highlights how the terrain of rural roads and seasonal changes can 

negatively impact upon predicted range and user experience. Thus, for the participants 

this underlined the learning curve associated with the technology. The majority of users 

demonstrated growing confidence in the emerging technology through completing 

more trips with their EV as they progressed through the trial. 

 

This illustrates an experiential learning of the technology and participants were able to 

utilise the EV more effectively as they understood its advantages and limitations. As 

early adopters, businesses participating in WREV were able to establish a pioneering 

advantage through acquiring the technology before competing firms. Overall, despite 

these concerns about range, from a rural business perspective, EV usage increased over 

time  

 

5.3 Developmental Pathways  

The third theme in the framework concerns challenges of technological lock-in and 

development pathways. In WREV, the study explored the effectiveness of EVs as a 

versatile transport solution in the medium term for rural businesses. Increasingly 

segmented markets and new business models, which emphasise tailored products, 

online sales and direct-to-door delivery, are altering the nature of commercial traffic 

and frame our understanding of the shift to commercial EVs for such firms.  
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During WREV, participating businesses utilised their EV for a variety of purposes 

(Appendix B). For example, businesses from several sectors including food retailing, 

farming, and General Practitioners utilised their vehicles for delivery services.  Those 

businesses operating in the energy space, such as electrical contracting or transport 

consultancy, used their vehicles for visiting clients and sales purposes, whilst the estate 

business employed the EVs to help with their on-site operations. Firms from across 

different sectors used their vehicles for ‘shuttling’ activities, whether moving between 

sites or transporting staff or customers. These purposes influence the benefits accrued 

from the vehicles in terms of mileage, promotion, and visibility. Furthermore, alongside 

these business-related activities, users completed private trips with their EVs. This 

enabled them to create added value as they were able to generate further savings in 

terms of costs and emissions, an important consideration when assessing the cost-

benefit analysis of technological investment for rural enterprises.  

 

Market price alone did not determine decisions as businesses considered other factors 

such as the capabilities of the technology and opportunities arising from its utilisation 

within the firm. For example, the SMEs with the fewest employees in the trial, 

particularly those which were family controlled, were able to exploit their EVs for non-

business-related travel. This was beneficial to some companies as it provided the 

opportunity to generate greater cost savings. For some SMEs, the EV was a versatile 

addition to the fleet, which presented the opportunity to accrue business and private 

benefits, but for other SMEs, particularly those who adopted the electric van, the 

purpose was solely for business travel, thus impacting upon potential usage and leading 

to greater periods of inactivity such as the weekend or evenings. For those SMEs who 

utilised the EV for general ‘shuttle work’, this provided the possibility of services being 
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operated in a more efficient manner saving on both costs and emissions irrespective of 

business activity. Furthermore, for the businesses using their EV to operate a delivery 

service, this technology was seen as a more affordable solution than conventional 

vehicles:  

 

“The pharmacy is the business at the end of the day and it is in competition with 

the likes of Boots and Lloyds who offer a free [delivery] service. With a very 

small business, and trying to compete with them, is why we have had to put the 

charge [50p] on it. It doesn’t cover the salary [of the drivers] or the [cost of] 

hiring the van at all, but it is a service which you feel you have got to offer. 

Keeping the costs down is one of the major reasons for taking on the electric 

car over petrol or diesel” (Respondent K) 

 

In this case, even with an EV, the delivery service is seen as a ‘loss leader’ a factor 

which limits the ability of the organisation to extend this offering. Therefore, it is not 

the EV and its limitations that are the most significant factor in stopping any expansion 

of this service. However, for those SMEs, which operated a larger delivery service, the 

capability of the EV was a limiting factor. In these cases, conventional vehicles were 

maintained by firms in order to conduct longer distance travel. For some businesses, 

this led to questions about the EVs practicality: 

 

“Going backwards and forwards for a fourteen-mile round trip and then plug it 

in again it is absolutely suited to [our needs] …. To do anything outside of that 

it is not a practical vehicle for us at all” (Respondent M) 
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This raises concerns for some participants in terms of suitability and cost effectiveness 

as some businesses still have to maintain a ‘mixed’ fleet of vehicles to support activities 

which may take place over longer distances. So, although, these vehicles were seen as 

being effective in supporting localised travel, for businesses seeking to extend their 

routes this possibility was restricted by the performance of the EV. As demonstrated, 

vehicle performance for rural businesses has a range of characteristics resulting from 

the locale and the demands placed upon these firms as a consequence.  

 

Another characteristic of the trial that demonstrates this need for transport versatility 

was the presence of multiple operators, with the principal decision-maker or owner 

often not being the sole driver. Even in businesses where there were a small number of 

family employees, it was common for the vehicle to be shared. Of the sixteen 

businesses, only two reported that the EV was solely used by one employee. As there 

were multiple drivers in most organisations, this raised issues such as the need to 

generate wider acceptance for EVs. To create this ‘buy in’ participants discussed EV 

adoption with those who were potential drivers of the vehicle helping to overcome any 

resistance. Due to the small size of most organisations in WREV, the choice of vehicle 

and rationale was communicated effectively. One participant noted how liaising with 

the driver of the EV before adopting the vehicle was beneficial:  

 

“The day at Stoneleigh helped to put more detail behind the trial. It meant that 

they [EV drivers] went into with their eyes opened. If I had driven up to them 

one day in the electric van and said here you go this is your new van, I think 
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there would have been more scepticism about what is going on here” 

(Respondent N)15 

 

The rural driving day, along with other networking opportunities such as the use of 

online forums for participants to discuss aspects related to their EV, provides evidence 

to support the assertions of Moretto (2000) and the presence of collaboration to aid the 

adoption of new technologies. What the above findings demonstrate is that EVs have 

potential for future transport provision in rural commercial enterprises, reducing 

concerns around irreversible technological lock-in.  

 

As stated in Section 2, Nguyen (2009) outlines several factors that can impact upon 

technology adoption for SMEs. These factors are evidenced in WREV, specifically the 

critical role of the company owner in influencing the decision to adopt an EV. In 

addition, the role of external experts, in this case the trial facilitator, ensured that the 

participants were provided with an assessment of benefits and risks prior to adopting 

the vehicle, enabling a fully informed judgement to be made. Hence, businesses where 

the key decision makers are committed to EVs, with this position informed by expert 

advice, are in a strong position to take advantage of the technology and successfully 

incorporate it into their organisational routines.  

 

5.4 Socio-Technical Challenges  

A key socio-technical concern addressed was the issue of range. This is of particular 

concern to rural SMEs with their longer journeys and greater distances to key services 

                                                           
15 Each of the participants were able to avail of a technology training day at Stoneleigh Park, a rurally 
based enterprise park that hosted the principal organisers of the trial, Greenwatt. 
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as noted in Section 3. Range anxiety and its impact on its participants was, therefore, a 

key finding arising from WREV. Table 5 records user responses when questioned about 

their experiences with driving range:  

 

Table 5. Participants views on range issues and range anxiety 

Range anxiety 
 

Range issues  
   

 “One staff member jumped in it the 

other day and it’s got 19 miles [of range 

left]. I  said [to him] you’ve only got to 

go to Welford and back which is 6 miles. 

Once it  starts dropping its range off, 

everybody gets the old ‘oh my god I 

can’t go anywhere’  [feeling]” 

(Respondent I) 

 
“I did have visions of doing an experiment 

going down to the South West, but after the 

hassle I had just running out electric once, a 

mile from home, I thought better of that….I 

can’t do that [with] having seventy or eighty 

mile range to the next station or anything like 

that” (Respondent M) 

   

“We’re talking up to about 50 miles [for 

journeys]. Therefore, from talking with 

a number of the other participants [in the 

trial], the range anxiety with the [Nissan] 

Leaf’s that they have got means they 

would typically go no more than 30 

miles in one direction unless they could 

charge up” (Respondent C) 

 
“I take my son to school and its 74 miles from 

my house to the school [and then] to the 

office…. Although I start off with 93 miles on 

the clock and I am all happy I daren’t put the 

heater on. I have the lights on and if it rains I’ve 

got to put the windscreen wipers on, but it just 

gets to the office. It’s literally one or two miles 

left [of range]” (Respondent G)                                                                         

 

This indicates that for some of those involved in the trial, vehicle range was as much 

about knowing you have the reserve to drive further as the actuality of needing a reserve 

to drive further. What this suggests is that perception is also a critical consideration 

alongside the functionality of the technology. As a result, a distinction between range 

anxiety and range limitations needs to be drawn. In some cases, particularly those 

highlighted by Respondent C and I in Table 5, the EV was able to reach the desired 

mileage, but users were concerned that the technology would not produce this 

performance. This is anxiety rather than limitation. However, as noted earlier in this 

paper, EVs cannot reach stated range levels established from manufacturer testing due 

to ‘real-world’ driving conditions, so for users concern surrounding range is somewhat 

expected. What is notable though is the fact that all those who complained of range 
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issues or range anxieties were reluctant to undertake certain journeys either through 

caution or because of negative travel experiences. In sum, they changed travel patterns 

as a consequence of perceived failings, or actual failings of EV technology. For 

example, Respondent E stated: 

 

“My perception of electric vehicles before was the batteries always go on them, 

they cost a fortune to repair, and you can’t go anywhere [with them]” 

(Respondent E) 

 

Such preconceptions reflect the findings of Graham-Rowe et al (2012), which reference 

consumers existing negative perceptions of EV technology. An aggravating factor that 

served to heighten range anxiety in particular was the lack of charging infrastructure 

available to vehicle users. For some users the routes they were travelling meant they 

did not even come into contact with charging infrastructure; “Our engineers can go 

between five or six jobs a day in the Cotswolds where the infrastructure for charging is 

non-existent” (Respondent B). Other users found that even when public charge points 

were present, they were frequently unavailable. In some instances, they were being used 

by EV/hybrid users for parking rather than charging vehicles. It required planning 

before medium to long distance trips could be made, adding an extra layer of 

complexity to firm transport logistics: 

 

“I went to Shropshire the other day, I could have gone in this [EV] because they 

have got a CCS charger at Corley and they have got a CCS charger at Telford 

Services. If the chargers all worked, it was perfectly possible to do it. We 

stopped at Corley anyway and there were two Mitsubishi hybrids…They’ll 
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plug-in leave or they do not even plug-in, they just park at the electric car 

charging space. Basically, they are blocking a charging point” (Respondent F) 

 

Where charging infrastructure was freely available, users also felt discouraged by the 

pricing structures of private charging companies, as well as the technological 

challenges involved in getting the vehicle involved in a public charging environment. 

Knowledge and understanding of using the supporting infrastructure for EV technology 

for early adopters was, therefore, an additional barrier to continued use of the 

technology after the trial and may have implications for the wider uptake of EVs in 

rural communities and amongst rural businesses.  

 

These findings, related to the availability and usage of existing charging points, are in 

keeping with the literature referenced in Section 2 (Yeh, 2007; Egbue and Long, 2012; 

Begley and Berkeley, 2012; Begley et al, 2016). Improving the charging infrastructure 

and the availability of simultaneous parking and charging opportunities is a key enabler 

to EV proliferation, serving as it would to improve credibility, reliability and reduce 

issues of range anxiety. Additionally, the findings from WREV also show that making 

pricing structures for charging less opaque and more consistent would also be of 

benefit.  

 

One worrying consequence of vehicle range anxiety that emerged from the trial was 

changes to driving style that could compromise driver and pedestrian safety. Drivers 

reported that, soon after the start of the trial, they had begun to use methods like 
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‘coasting’ and ‘drafting/slipstreaming’ to extend the range of their vehicles.16 

Memorably one driver recalled coasting over a mile downhill back to her home at the 

end of her workday. Another respondent admitted to slipstreaming while also 

acknowledging how it frightened them to do it. 

 

“I don’t like doing it because sitting behind a lorry for example you’ve got to 

get pretty close to get in their slipstream, and I don’t like to be that close to 

anything driving at 50mph or 60mph. It scares me” (Respondent A)  

 

This behaviour was particularly evident amongst those who used the vehicle for both 

work and private journeys, as they covered longer distances per trip. What emerges 

from these findings are the challenges associated with technical performance that may 

serve to undermine the social benefits of EV adoption.  

 

Although concerns surrounding range anxiety were mentioned by several participants, 

it was evident that these limitations did not adversely affect their views of the vehicle. 

Indeed, data highlighted in this study indicates that users became more confident over 

time in their EV, highlighting the importance of experience in changing perceptions 

and beliefs.  For example, some participants stated that their employees were concerned 

by the performance of the EV prior to adopting a vehicle, but due to the experience of 

driving the vehicles these concerns were reduced over time. As will be discussed in the 

next section, there were also other benefits from utilising an EV, which also improved 

                                                           
16 Coasting means to make progress with minimal or no use of power. Coasting when driving means to 
depress the clutch and free-wheeling, reducing control over the vehicle. Drafting/slipstreaming 
involves travelling close behind trucks or other large vehicles to decrease wind resistance. 
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the perception of the vehicle, further suggesting that range was not an ultimately 

decisive issue for some firms.  

 

However, the need for some businesses, particularly those offering food delivery 

services or electrical contracting, to maintain petrol or diesel vehicle fleet vehicles does 

indicate some limitations surrounding range for EVs. Hence, the ‘unproven’ nature of 

EV technology can limit its effectiveness to an extent, but in the context of WREV it is 

reiterated that these vehicles were mostly used for short distance travel. In Section 2 it 

is also argued that rural firms benefit from localisation and nearby networks of 

knowledge and exchange (Thomson et al., 2018). The businesses in WREV supported 

a localised customer base and, utilising local resources, can effectively deploy EVs 

within their organisational routines. In this sense, the range of the vehicles are not a 

limitation as they are predominantly servicing a local area.  

 

5.5 Optimisation  

In assessing the optimisation of transport processes and EV technology, as reflected in 

Table 1, there were some concerns raised by those involved in WREV involving 

expenditure. As noted in Section 5.1, from a business perspective, several respondents 

stated that the vehicles were not cost effective without some form of grant to support 

their acquisition. This is a concern, as one of the motivations behind the WREV trial 

was to assess how EVs could help rural businesses counter increasing fossil fuel costs. 

Furthermore, the UK government is proposing to reduce subsidies offered to EV 

purchasers, thus potentially creating further barriers in terms of the affordability of 

these vehicles. EVs need to become a cost-effective solution without government 

assistance. However, the trial did not aim to undertake a cost-benefit analysis, but some 
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participants offered opinions during interviews which highlighted issues concerning 

costs: 

 

“I worked out that the break-even point was probably about 7,500 miles a year. 

We’re just under that we are doing 7,000 miles a year, so it is not a massive cost 

to us. Of course, there is a £1,000 grant each year towards the cost” (Respondent 

A) 

 

“Financially where are we with it? I think it’s possibly more [cost] on the lease. 

We are paying more than you would pay for a similar Nissan vehicle which uses 

conventional fuel” (Respondent B) 

 

However, in other EV trials, as noted by Graham-Rowe et al (2012) and Turrentine and 

Kurani (2007), participants did not accurately anticipate the running costs associated 

with owning an EV. In WREV, apprehensions surrounding operational expenses were 

mitigated by some rural users having the space to enable charging of their EV via solar 

panels. Nonetheless, in keeping with other research noted earlier, users were still 

challenged by unexpected financial outlay. In the case of WREV, this included high 

lease prices and insurance premiums; this has real implications for the use of the 

technology. In terms of aspects such as driving experience and green marketing users 

were on the whole satisfied with the technology itself. Table 6 lists the identified 

advantages: 

 

Table 6. Post-trial perceptions of users; selected quotes 
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Enjoyable to 

drive EV 

“I haven’t found one person [in the company], and you’ve got to bear in mind most of 

us are ‘petrol heads’, I haven’t found one person that doesn’t like it yet. Everybody 

loves it. I haven’t had one adverse comment about it. There are lots of adverse 

comments before they get in [the electric vehicle] but it’s a bit different when they get 

out!” (Respondent I) 

Provision of 

technology 

information 

and support 

for adopters 

“Then we went from a meeting at WREV and they explained it [EV technology] which 

was really helpful. It’s something new” (Respondent J) 

Pre-trial test 

of technology 

“We had a couple of days use [before the trial started] and the feedback was practically 

'the van met the needs' [of the users]” (Respondent N) 

Pre-trial 

assessment 

and 

installation of 

charge point 

“I think the assessment of whether you can have a charging point and if it’s in the right 

place [is positive] …. Just having someone to come out and do the assessment, and 

going we will install it next week was great for us because you haven’t got the time to 

do all of the donkey work beforehand” (Respondent K) 

Monthly 

report 

detailing 

usage 

“With the University sending out the data that’s a positive because it makes you look 

at what you’re actually doing. Sometimes you think you do more than you do” 

(Respondent E) 

Driving day 

trial 

“The day at Stoneleigh helped to put more detail behind the trial. It meant that they 

went into with their eyes opened. If I had driven up to them one day in the electric van 

and said here you go this is your new van, I think there would have been more 

scepticism about what is going on here” (Respondent N) 

Green 

marketing 

“We used that [EV] in our business ethically ourselves, we were interested as part of 

our image and marketing leaflet to talk about using the electric vehicle to go to-and-

from the kitchen. There is a lot more than just cost [savings]” (Respondent M) 

Experience of 

new financial 

models  

“We had always had BMW or more premium vehicles. We were in the situation where 

we were always used to paying £25-30,000 for a car, not necessarily a new one or even 

leased, but a second hand one of that order” (Respondent C) 

 

Notable benefits include marketing and training. Additionally, the opportunity to 

engage with an emerging vehicle technology and to learn more about their business’s 

travel patterns, logistics and financial planning was also seen as significant boon by 

users. A further advantage noted by participants was the credibility offered by 

engagement with policymakers at a national level, as well as the number of local firms 

of comparable size willing to take part in the trial. Moreover, the final dissemination 
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event at the end of the trial offered the participants the opportunity to network and 

discuss the value of technology adoption to their firm with other rural entrepreneurs 

participating in WREV. In effect, the trial allowed firms to engage with emerging 

transport technology with less risk, reducing some of the concerns around early 

technological pioneer adoption costs identified by academics like Purvis et al (1995) 

and Demirel and Kesidou (2011). WREV showed that users were largely satisfied with 

the suitability of the technology for their organisation; in fact, the majority of 

participants stated that they would use EV technology in the future for their business 

needs, given the right circumstances and incentives. 

 

6. Discussion: Suitability of EV technology for rural businesses in the UK 

In assessing the suitability of EV technology or rural businesses in the UK, findings 

from the WREV trial are synthesised here in the context of the socio-technical thematic 

framework (Table 1) and extant literature.  

 

On the theme of investment and operational viability, firms are naturally cautious about 

investing in new technologies due to the sunk costs of doing so. Investing in a 

technological cul-de-sac would prove a prohibitive expense. WREV helped alleviate 

these concerns for small business users by providing an option to trial EVs on a lease. 

Subsidies also helped reduce investment costs, reducing barriers to technological 

change. It was telling that the firms recorded their motivations as being driven by 

environmental, technological and financial considerations, highlighting that cost 

considerations are more than financial. There is also a social value element to EV 

adoption.  
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Despite the attractive incentives to join the trial the financial cost of EVs remains a 

major barrier. The use of subsidies to overcome barriers to uptake was essential for the 

promotion of WREV. It was reported by almost all participants that without subsidies 

they would not be interested in continuing with an EV post-trial, since the costs of 

leasing and public charging exceed that of traditional ICE transport. This resonates with 

earlier findings of Beresteanu and Li (2011) and Gallagher and Muehlegger (2011). 

Rather than act as a fillip or an enticement to firms, these subsidies instead became 

perceived as a necessary condition of technological adoption, arguably serving to skew 

patterns of uptake. Accepting that for future generations, EVs may become more cost 

effective, for now the problem exists that financial incentives may force technological 

pathways. While technology forcing could be deemed an essential pillar of national 

policymaking as a defensible response to exogenous pressures exerted by health 

concerns, emission pollutants and climate change, this needs to be balanced against the 

suitability of the technology being promoted for economic actors and their business 

needs.  

 

On the theme of technological suitability, several concerns emerged, particularly 

around charging infrastructure and range. While the latter concerns echo those of 

findings from urban trials, arguably issues of charging and range are more acute for 

rural businesses, where infrastructure for electric vehicles is less developed and journey 

types are longer and more frequent. What became apparent from the WREV trial was 

that the majority of trips undertaken by rural businesses were still comparatively short. 

However, the diversity of travel patterns and lack of available charge points meant 

range anxiety was a real concern, necessitating greater journey planning and logistical 

complexity as a result. These perceived challenges in turn translated into some users 
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adopting concerning driving behaviours, taking greater risks and evolving more 

dangerous driving styles to compensate for the lack of range and viable charging 

opportunities. As a result, for businesses with more ‘unpredictable’ journey patterns the 

EV was seen as being less suited to their needs. For those firms with a consistent travel 

route, for example, ‘shuttle work’ between different organisational sites, the vehicle 

was more suitable as this routine could be planned more effectively.  

 

Despite these range anxieties the vast majority of participants were enthusiastic about 

their vehicles and derived numerous benefit for their firms. For example, experimenting 

with new financial models of vehicle and battery leasing, was seen as valuable 

experience that could be incorporated into transport solutions in the future. Using EVs 

also gave users a marketable identity as an environmentally conscious SME. Although 

it was not the purpose of the paper to discuss a ‘typology’ of different users, this aspect 

requires further investigation. It was evident from WREV that users adopted an EV for 

various reasons, including a desire to engage in activities regarded as socially 

responsible. EVs were deemed an enjoyable driving experience, providing a 

comfortable, noise and pollution free ride with the added value of helping reduce 

emissions and meet the climate change challenge. For many of the firms involved in 

the trial, with a vested interest in maintaining the countryside and their rural way of life, 

this was the key reason for their involvement. 

 

A final finding to emerge was that the organisation of the trial, its significant duration 

and the subsequent development of a network of early adopters utilising EV technology 

through driving training days and post-trial dissemination events proved a valuable 

learning experience to those participants seeking a pioneering advantage. This 
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correlates with Moretto’s (2000) argument that firms might prefer to coordinate and 

cooperate to introduce technological change, as well as observations by Sierzchula et 

al (2014) that firms looked to other similar sized companies, or ones engaged in 

comparable activities, for guidance, something that is typically more difficult amongst 

dispersed rural business communities. This process enabled trialists to optimise the 

advantages gained through early technological engagement. 

 

7. Conclusion 

EV technology arguably represents a medium- to long-term transport solution for 

addressing environmental challenges associated with climate change. The value of it as 

a substitute for existing transport technology for rural firms is dependent on its future 

development. Should it improve in terms of costs and performance, in particular range, 

it will become a viable solution. However, in its current guise it will require significant 

changes to organisational planning and patterns of travel, including work and private 

usage by business owners. Moreover, without significant investment in transport 

infrastructure, EV technology could prove more expensive for operational purposes and 

more inconvenient for everyday usage. In the short-term, continued intervention 

through the provision of subsidies or investment in infrastructure, whilst critical if EVs 

are to get close to being mainstreamed, should be considered against the issue of the 

State effectively forcing particular technology pathways which themselves may 

inevitably be overtaken. 

 

At the same time, WREV as a trial clearly demonstrated the socio-technical value of 

early engagement by a network of firms in terms in learning by doing, from each other, 

and over time. The nature of WREV, its long duration and supportive collaborative 
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network during and after the trial significantly helped businesses learn and adapt their 

driving behaviours, reduce their range anxieties, market themselves as socially 

responsible in the community and overall, enjoy their EV experience. This provides 

important lessons going forward and suggests that if the issues outlined above are 

addressed then EVs have a rural future. 

 

Set against these findings the paper makes three important contributions. Firstly, it 

extends the academic debate surrounding the transition of the automotive industry by 

uniquely considering the opportunities and challenges facing rural businesses in 

transitioning to electric vehicles. This is a critical contribution given the government 

pressure for the UK to meet zero carbon-emissions targets by 2030 and the absence to 

date of any attention on rural businesses. It does so through a socio-technical thematic 

framework tested through the real-world experience of drivers. Secondly, the paper 

contributes to practice, enabling a fuller consideration of the suitability of EVs as a 

commercially viable rural business solution and through analysing of the challenges of, 

and benefits to adoption. Thirdly, the form and nature of the trial, bringing together a 

network of drivers over an 18-month period, learning by doing and from each other, 

provides the confidence that well-informed implications can be drawn and in turn can 

help shape future trial-based interventions. Moreover, the paper has provided a much-

needed shift in focus to rural areas that can raise awareness amongst policy makers and 

help steer future EV policy. 

 

Whilst the WREV trial has uniquely contributed to the debate on the suitability of EV 

technology to rural businesses it is worth noting that the setting for the trial, 

Warwickshire, would not be described as a remote rural location. As such, for future 
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research and vehicle trials, there needs to be equal emphasis on businesses in more 

isolated and remote rural areas. In addition, as this study focuses on SMEs, many of 

whom are micro-sized companies, there needs to be further research into the challenges 

faced by larger firms, specifically concerning differences in the level of sunk costs.   
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Appendix A 

 

Study Method  
Vehicles and/or drivers 
involved Location  

Lane & Potter (2007) Uses LCVP/Open University trials 
General public, drivers and 
non-drivers UK 

Butcher et al. (2010) 12 months data compiled from over 100 vehicles (CABLED) General public, drivers UK 

Lieven et al (2011) Online Survey (1152 participants) General public, drivers Germany  

Skippon & Garwood (2011) Small-scale trial (58 participants recruited from e-on workplaces).  
ICE drivers new to BEV 
vehicles UK 

Hidrue et al (2011) Online survey (3029 respondents) 
General public, drivers and 
non-drivers USA 

Caperello & Kurani (2012) 36 Households in California, used Hybrid vehicle for 4-6 weeks New Hybrid Drivers USA 

Egbue & Long (2012) Online Survey (481 responses) 

Staff of a technical 
University, and currently 
ICE drivers USA 

Franke et al (2012) Small-scale trial (40 drivers). Both quantitative and qualitative analysis  New BEV Drivers  Germany  

Graham-Rowe et al (2012) Small scale trial (40 users over 7 days). Semi-Structured interviews New BEV drivers UK 

Axsen & Kurani (2013) Mixed-Mode survey (508 participants). Driver diary (trip details) New Vehicle Buyers USA 

Burgess et al (2013) 
Small-scale trial (55 drivers). Interviews after three months of using a 
BEV.  BEV drivers UK 

Carley et al (2013) Online Survey (2302 drivers over age of 18) 
Adult drivers – all vehicle 
type USA 

Krause et al (2013) Online survey (2032 respondents across 21 of the largest cities in USA) BEV and ICE drivers USA 
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Steinhilber et al (2013) 
Semi-Structured interviews with stakeholders in automotive sector plus 
policy evidence and trial results Policy community UK/Germany 

Blythe et al (2013) 3 year trial of 44 vehicles (SWITCH-EV) General public, drivers UK 

Jensen et al (2013) 369 Drivers (Online Survey before and after using a BEV) New BEV drivers Denmark 

Bunce et al (2014) 

135 participants in UK Ultra Low Carbon Vehicle trial. Completed pre-
experience questionnaire and interview, then after 3 months completed 
survey or interview about experiences.  New BEV drivers UK 

Krupa et al (2014) Online Survey (911 respondents) 
General public, drivers and 
non-drivers USA 

Noppers et al (2014) Quantitative Survey (105 respondents) General public, drivers Netherlands 

Peters & Dutchske (2014) Online Survey (969 respondents) BEV and non-BEV drivers Germany 

Wikstrom et al (2016) 

Data taken from ‘Swedish National Procurement of Electric Vehicles and 
Plug-In Hybrids’ trial (500 vehicles in 100 businesses). Findings from trial 
used to inform focus group study of 40 BEV drivers 

BEV and hybrid vehicle 
drivers Sweden 

Source: Rezvani, et al. 2015. Transportation research part D: transport and environment, 34, pp.122-136; Butcher et al. 2010; Blythe et al. 2013 
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Appendix B  

Respondent  
Respondent 
Position  

Business 
Activity  

Duration  
Size 
(Employees) 

Main Purpose 
Total 
Mileage 

Average 
Mileage 
(per 
month) 

Vehicle  

A CEO 
Energy 
service 
advisors  

05/2014-
02/2016 

Less than 10  
Attend 
Events/Visit 
Clients 

12,336 561 Leaf 

B 
Managing 
Director/Sales 
Director 

Electrical 
Contractors 

05/2014-
02/2016 

Less than 20  Visit Clients 21,818 992 Leaf 

C Director 
Transport & 
Infrastructure 
consultants  

05/2014-
06/2016 

Less than 5 
Visit 
Clients/Sales 

25,597 985 I3 

D Director Farming  
05/2014-
02/2016 

Less than 5 Visits/Deliveries  11,472 521 Leaf 

E Director 

Farm Shop, 
Restaurant 
and Event 
Catering  

08/2015-
06/2016 

Less than 20 Delivery Service 4,866 442 E-NV200 

F Director Farming  
07/2014-
06/2016 

Less than 5 Visits  16,037 668 I3 

G 
Contracts 
Manager 

Civil 
Engineering  

05/2015-
06/2016 

Less than 20 
Staff 
Transport/Visit 
Clients  

15,640 1,117 Leaf 

H Director 
Event 
Planning 

07/2015-
06/2016 

Less than 10 Attend Events 8,502 708 E-NV200 
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I Director 

Maintenance 
and Repair of 
Motor 
Vehicles 

05/2014-
02/2016 

Less than 10 
Transport 
Customers/Staff 

6,829 310 Leaf 

J Director 
Specialist 
residential 
care  

05/2014-
02/2016 

Less than 30 
Transport 
Staff/Patients  

24,625 1,119 Leaf 

K 
Practice 
Manager 

General 
Practice  

09/2015-
06/2016 

Less than 20 Delivery Service 1,704 155 E-NV200 

L Director  Farming  
05/2014-
04/2015 

Less than 5 Visits  15,966 1,331 Leaf 

M Director 
Specialist 
Food retailer  

05/2014-
02/2016 

Less than 10 Delivery Service  16,254 739 Leaf 

N* 
Estate 
Director 

Estate 
Businesses 
(property)  

01/2016-
06/2016  

Less than 20 
Staff 
Transport/Site 
Maintenance  

7,958 1,137 E-NV200 

N* 
Estate 
Director 

Estate 
Businesses 
(property)  

02/2016-
06/2016 

Less than 20 
Staff 
Transport/Site 
Maintenance  

1,243 207 E-NV200 

Data Logger 
1¬ 

  
General 
Practice  

11/2015-
06/2016 

Less than 20 Delivery Service 14,771 1,477 E-NV200 

Data Logger 
2¬ 

  
I.T 
Consultancy  

07/2015-
06/2016 

Less than 10 Staff Transport  6,317 790 Leaf 
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