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Abstract

Stakeholder’s strategies in encouraging wide-scale market penetration are dependent on
their perceptions. This study focuses on perceptions of Danish practitioners in policy-making
organizations regarding the perceived challenges, opportunities and policy measures for the
majority-market adoption of electric commercial vehicles (ECVs) in commercial sector in
Denmark. We propose a new four-step expert-based technique, named COPE-SMARTER, for
evaluating the market diffusion of environmental friendly technologies by combining a private
case of SWOT analysis and Multi-criteria Decision analysis (MCDA) methods. We focus on the
perceptions regarding: (i) the potential promotional strength of motivators for ECV market
penetration, (i) the severity of the technological, financial, physical and operational challenges,
(iii) the efficiency of policy initiatives in encouraging the market diffusion of ECVs, (iv) the
expected market penetration rates by target year. The results show the strength of the COPE-
SMARTER technique in generating a clear, coherent, and tractable evaluation. Severe challenges
are financial, operational and technological, with high purchase prices being by far the most
severe challenge. The opportunities with high promotional strength are financial and
environmental, with overall savings in the long-term as the opportunity with the highest
promotional strength. Effective policy-measures are low registration fee for electric vehicles,
state subsidies for the purchase or use of electric vehicles, and emission-based taxes on vehicles.
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1. Introduction

Urban freight and commercial vehicles make up about 10% of the share of vehicle-
kilometre travelled, but they account for 50% of the COX emissions and 90% of the NOX and
PM emissions (Feng and Figliozzi, 2013). The stress imposed by commercial vehicles on urban
systems in terms of air pollution and noise is expected to increase, due to the fast growth of
commercial vehicle activity (Feng and Figliozzi, 2012). A possible technology-oriented solution
are electric commercial vehicles (ECVs) that, along with improvements in vehicle routing
efficiency, can lead to mitigating the effect of commercial vehicles in urban areas without radical
activity reduction (Feng and Figliozzi, 2013; Bakker et al., 2014).

The feasibility of ECVs as a possible solution depends on their wide-scale adoption in the
commercial sector which depends on various stakeholders: consumers, planners, car
manufacturers, and policy-making organizations. So far, studies have tried to shed light on the
consumers’ side by exploring the motivations and challenges for the introduction of ECVs and
other alternative fuel vehicles (AFVs). Haller et al. (2007) focused on cost effectiveness and
emission reductions based on an interim assessment of a local government’s ten-year plan for
converting from conventional fuel to AFVs. Bae et al. (2011) explored the likely effects of
technological developments and instruments (i.e., technology, efficiency, fuel costs, emission
regulations, tax rates, adaptation costs) on the adoption of AFVs by firms. Sierzchula et al.
(2014) investigated the role of financial incentives, charging infrastructure, and local presence of
production facilities on the market penetration of ECVs. Wikstrom et al. (2014) examined the
relationship between ECVs’ user satisfaction and confidence and ECVs’ usage patterns and
practical experience. Kirk et al. (2014) found that possible challenges for ECVs’ adoption among

fleet managers were fuel costs, recharging infrastructure, vehicle purchase costs and residual



value, lack of knowledge and vehicle weight. Sierzchula (2014) found that American and Dutch
organizations that adopted ECVs were interested in testing new technologies, receiving
government grants, and improving the organization’s public image. Kaplan et al. (2015)
established a linkage between ECVs’ procurement intentions and the theory of planned behavior,
namely positive attitudes and subjective norms towards ECVs, familiarity with ECVs and
perceived operational ease.

We sheds light on the perceptions of Danish practitioners in policy-making organizations
as stakeholders in the process of ECVs’ market adoption in Denmark. Previous studies
addressing such stakeholders for exploring the market penetration of ECVs consulted policy-
makers within expert panels for assessing the importance of decision criteria to evaluate the
suitability of AFVs via multi-criteria analysis, as means for overcoming the uncertainty involved
with new technologies by reflecting upon the consumer choice. For the choice of ECVs in the
commercial sector, Tzeng et al. (2005) requested bus manufacturers, researchers and bus
operators to assess the importance of vehicle attributes related to costs, benefits, maintenance
and operation for choosing the most suitable alternative fuel bus for public transport in urban
areas in Taiwan. Yavuz et al. (2015) used an expert evaluation of multiple vehicle features,
including energy efficiency, air pollution, maintenance costs, and comfort, for multi-criteria
analysis aimed at choosing AFVs’ selection of a home health-care service provider in the US.
Nevertheless, in addition to the consumers’ perspective, the perceptions of practitioners in
policy-making organizations as stakeholders in the process of market adoption have a stand-
alone merit because the stakeholder’s strategies are dependent on their interests, perceptions and
expectations. In fact, the gap between the objective overview of challenges, motivations and

policy measures and their stakeholders’ perceptions can be staggering. Based on a conceptual



analysis, Browne et al. (2012) provided a long list of financial, technical, institutional and legal
barriers that are hypothesized to be relevant to EVs’ market diffusion, and suggested an equally
wide range of economic, communication, infrastructure development and regulatory policies.
Nevertheless, both the study of Bakker et al. (2014) and Kirk et al. (2014) showed that
stakeholders have a much narrower perspective of policy measures in mind, depending on their
interests and expectations.

We focus on the perceived challenges, opportunities and policy measures for majority-
market adoption of ECVs in commercial vehicle fleets in Denmark. According to the Rogers’
market diffusion model, which is relevant for technological innovation (see, e.g., Rogers, 2004),
majority-market diffusion is achieved upon arriving to a critical mass of adopters from which
market diffusion is self-sustaining. Thus, while early-market penetration depends on facilitating
ECVs’ adoption by innovating pioneers through pilot projects and financial incentives, majority-
market adoption occurs when a certain threshold is reached in terms of alleviated challenges and
policy incentives. Thus, we focus on the perceptions of practitioners in policy-making
organizations regarding: (i) the potential promotional strength of motivators for ECVs’ market
penetration; (ii) the severity of the technological, financial, physical and operational challenges;
(iii) the efficiency of policy initiatives in encouraging ECVs’ market diffusion; (iv) the expected
market penetration rates by target year.

The remainder of the paper is structured as follows. Section 2 introduces the research
methods in terms of collected data and analysis. Then, results are presented and discussed in

section 3. Last, conclusions and policy implications are drawn in Section 4.



2. Methods

In this study, we propose a new expert-based technique for evaluating the possibility of
market diffusion of new environmental friendly technologies by combining a private case of
SWOT analysis for identifying strengths, weaknesses, opportunities and threats with Multi-
Criteria Decision Analysis (MCDA) methods based on the decomposition approach, namely the
divide-and-conquer (DAC) principle. The method, which we name COPE-SMARTER, is aimed
at identifying challenges, opportunities, and policies for promoting innovative environmental
technology solutions, by using a combination of the SMARTER (Simple Multi-Attribute Rating
Technique Exploiting Ranks) technique with Swing-Weights with a new importance-impact
interpretation. In this study, the method is applied in the transport planning context, but it can be
readily transferable for evaluating new technologies and action-protocols in other fields such as

energy, water, environment, health-care, epidemiology, food and education.

The method requires a panel of stakeholders, which can be elicited by applying standard
procedures (see, e.g., Sackman, 1974; Edwards and Barron, 1994), as conducted for example in
the works of Shiftan et al. (2003) and Wang et al. (2014). In this study, 16 practitioners in policy-
making organizations in Denmark were chosen as the main stakeholders. While standard
procedures impose no limitations of sample size (see, e.g., Sackman, 1974; Edwards and Barron,
1994), the sample size in this study was determined by the conferencing procedure within a focus
group arrangement, which required the stakeholder to meet, while assuring that the participants
represent important policy-making organizations related to the ECV market in Denmark.
Notably, in the case that a Delphi method is used the sample size can be larger. The main focus

of this study is on practitioners in policy-making organizations because they have an important



role in facilitating knowledge exchange and diffusion, aligning expectations across stakeholders,
promoting campaigns, experiments, and pilot projects, designing development scenarios and
trajectories through master plans, providing supportive environment stimulating entrepreneurs to
take pioneering actions, generating funds, and enacting policy interventions. The importance of
practitioners in policy-making organizations is highlighted by the findings of Roumboutsos et al.
(2014) that indicate the need to transfer leadership from central authorities to municipal
authorities in order to move from the initiation stage to the implementation stage of ECVs’
logistics. Thus, the perceptions of practitioners in policy-making organizations regarding ECVs
are important for understanding development trajectories and techno-institutional lock-ins
affecting the wide-scale adoption of ECVs as a new technology.

After eliciting the panel of stakeholders, the proposed method has four consecutive steps.

The first step consists of using the SWOT framework in order to identify the challenges
and opportunities associated with the new technology, as well as the effective policy instruments
for alleviating the challenges and seizing the opportunities as facilitators for technology
diffusion. The challenges are challenges to be alleviated, which can be associated with the
inherent product attributes (i.e., range, speed, price) or the consumer-technology interaction (e.qg.,
range-anxiety). The opportunities are motivating factors that can be used to promote the
technology and can be associated with inherent consumer attributes (i.e., cost and time saving
skills, environmentally friendly attitudes and norms), and the consumer-technology interaction
(i.e., perceived operational ease, cost-effectiveness, comfort, safety). The policy instruments are
mechanisms that utilize the strengths and weaknesses of the organizational system in which the
new technology and the consumer operate and interact, in order to resolve the challenges (e,g.,

moving to a green taxation system) and seize the opportunities (e.g., marketing campaigns that



highlight the green aspects of ECVs). Using this structured framework helps in avoiding three
important biases that lead to partial analysis. The first bias is a framing bias, namely focusing
solely on challenges and policy instruments, while neglecting the opportunities for diffusion
enhancement (see, e.g., Kirk et al., 2014). The second bias can derive either from memory-recall
problems or from strategic-response bias, when stakeholders act on the basis of a narrow
perspective that matches their interests and expectations (see, e.g., Bakker et al., 2014). The third
bias is a confusion bias when technology solution attributes and policy interventions are both
viewed as product related attributes, for example fuel costs (e.g., Yavuz et al. 2015;
Mohamadabadi et al., 2009).

The chosen challenges, opportunities and policy instruments derive from the results of
the study of Kaplan et al. (2015), who proposed a comprehensive framework for understanding
the motivations and challenges to the introduction of ECVs based on a survey across fleet
managers in Austria, Denmark and Germany. The challenges consist of technological, financial,
physical, operational and psychological challenges to be alleviated. The opportunities are related
to the positive perception of ECVs. The policy instruments include both ’carrots’, namely
incentives for using ECVs, and ‘sticks’, namely policies for discouraging the use of conventional
vehicles. The challenges, opportunities and policies are described in table 1.

[Insert Table 1]

The second and the third steps concern the rating of the challenges, opportunities and
policy measures in terms of their relative importance and impact, respectively. In these two
steps, taking a decomposition approach, each of the challenges, opportunities and policy
measures are evaluated as separate items by applying the SMARTER and the Swing Weights

procedures. While some of the items may have a synergetic or complimentary effects, a holistic



evaluation is an extremely complex task which contains considerable random error, in particular
when there is a large number of item combinations. However, taking a decomposition approach
helps in defining the decision problem, allows considering a large number of items on multiple
dimensions, and promotes communication of value conflicts among the participants (Fischer,
1997; Morera and Budescu, 1998).

For the second step, namely evaluating the importance of the challenges, opportunities
and policy measures, we apply the SMARTER technique, proposed by Edwards and Barron
(1994), which is an advancement of the SMART (Simple Multi-Attribute Rating Technique)
suggested by von Winterfeldt and Edwards (1986). SMART is a MCDA method that allows
evaluating finite number of decision alternatives with respect to a finite number of performance
criteria.

The purpose of such an analysis is to rank the items in a subjective order of preference
and, if possible, to rate the overall importance and performance of the items via the proper
assignment of numerical grades (Belton and Stewart, 2002). The method is applied to evaluate
the severity of the challenges, the potential of the opportunities and the efficiency of the policy
measures with respect to their role in the market diffusion of ECVs. The challenge severity is
defined as the importance of the challenge multiplied by its alleviation ease, the opportunity
potential is defined as the importance of the opportunity multiplied by its promotional strength,
and the efficiency of the policy measure is defined as its importance multiplied by its ability to
cope with the challenges and seize the opportunities.

SMART, the original variant of the proposed method, is based on a linear additive model
which implies that the overall value of a specific item is calculated as the total sum of the

performance score multiplied with the weights. In the technique, ratings (scores) are assigned



directly in the natural scales of the attributes. However, assigning exact numerical weights in
SMART can be a difficult task which is susceptible to uncertainty and the confidence level
associated with such weights. SMARTER overcomes this problem by requesting the participants
to engage in a simpler cognitive task of ranking the items in order of importance. The,
SMARTER assigns predetermined ‘surrogate’ weights to the criteria. These ‘surrogate’ weights
are based on the assumption that generated weights may be more precise than weights produced
by the participants. While a number of methods that enable the ranking to be translated into
‘surrogate’ weights representing an approximation of the ‘true’ weights have been developed, we
use the Rank Order Distribution (ROD) weights, which provide the closest approximation to
participants’ preferences as shown by Roberts and Goodwin, (2002). ROD is a weight
approximation method that assumes that valid weights can be elicited through direct rating. In
the direct rating method the most important criterion is assigned a weight of 100 and the
importance of the other criteria is then assessed to this benchmark. The obtained ‘raw’ weights
are then normalised to sum to 1. These ranges can be approximated by representing all of the
inequalities by less-than-or-equal-to expressions. The uncertainty about the ‘true’ weights can
then be represented by assuming uniform distribution for them. In order to determine ROD
weights for general problems, it is needed to consider the probability distributions for the
normalised weights that follow from the assumptions about the distributions of the ‘raw’
weights. The density functions are a series of piecewise equations. The means of each rank order
distribution weights have been found mathematically and are provided by Roberts and Goodwin
(2002).

In the third step, the analysis technique of swing weights is applied, which is usually

considered to be the most correct theoretical method for eliciting criteria weights (Barfod and
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Salling, 2015). By using visually supported scales, participants consider the swing from worst to
best performance for each item on a scale of 0-100. Notably, while the technique is commonly
used for importance ranking, we take an untraditional interpretation for performance rating.
Instead of simple importance rating, the third step concerns the rating of the challenges in terms
of their severity, which comprises importance and alleviation ease, rating the opportunities in
terms of their promotional strength (potential), and rating the policy measures in terms of their
efficiency for the market diffusion of ECVs.

In the traditional approach for importance ranking, SMARTER and Swing Weights are
considered as substitutionary (e.g., Wang et al., 2009; Barfod and Salling, 2014). However, in
our proposed approach they measure different aspects and are thus complimentary. For example,
some challenges may be considered important for the consumer but relatively easy to resolve,
which reduces the overall challenge severity, while others may be considered as less important
but more difficult to resolve, which increases the overall challenge severity. Therefore, the
overall score is a function of the ratings obtained in step 2 and step 3. The ROD weights, derived
from the SMARTER procedure, represent the relative importance of the items. The swing rates
represent the performance of each item. For each item and each participant, the overall score is
calculated by multiplying the ROD weights and the swing weight to form a matrix of overall
scores. The scores are normalized to one in order to obtain the normalized impact score for each
item. The normalized scores are then averaged across the participants under the assumption that
they have equal importance in the decision making process. Notably, while in the current study
the items were rated with respect to a single objective of market diffusion, the method can be
generalized to the attainment of multiple decision objectives by applying the multi-attribute

utility theory (MAUT), the regret-based approach or the utility-regret model (see Wang et al.,

11



2014) as useful tools for calculating the overall score of the challenges, opportunities and policy
measures.

The last step is a conferencing procedure where the participants are requested to state the
market diffusion on ECVs for various target years as a trigger for reflecting in a group discussion
on resolving the challenges, using the opportunities, and implementing the policy measures
towards different target years. In the conferencing procedure, a majority and minority group
decisions can be reached concerning the feasible target year for reaching a specific market
diffusion level on the basis of the ease of resolving the challenges, using the opportunities and
the efficiency of the policy initiatives. Last, additional perspectives and discussion points are
raised and discussed to tackle the complexity of reaching the market diffusion goals in each

target year.

3. Results
3.1 Multi-criteria analysis

The COPE-SMARTER scores representing the impact as the combination of importance
and performance for the challenges, opportunities, and policy measures, are presented in Figures
1 and 3. The market penetration rate in each target year is provided in table 2. The practitioners
in policy-making organizations generally agreed on the most severe challenges and the most
effective policy measures, but had a more diverse view on the best opportunities.

[Insert Figure 1]

Regarding the challenges, the vast majority of the interviewed practitioners in policy-
making organizations perceived the financial, operational and technological challenges as the
most severe ones. The physical infrastructure and safety, with an overall score close to zero,

were hardly perceived as challenges at all. The most severe challenge unanimously perceived by
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the panel was by far the high purchase price of ECVs. The second most severe challenge was
perceived to be the ECVs’ range that was considered as inadequate for accommodating the range
needs of firms for their daily tours. The third and fourth most severe challenges were close in
their scores and were related to winter operation (i.e., reliability in winter conditions and need to
use the battery power for heating). The stop pattern of vehicles in their daily tours (i.e., having
the possibility to stop for 30 min. or more during the day) was perceived by seven experts as a
significant challenge, but the overall score of this challenge is by far lower than the scores of the
other operational challenges. Nevertheless, in a minority opinion one expert viewed the stop
pattern of companies as the most severe challenge.

Unlike in the case of the unanimous decision regarding the severity of the challenges, the
practitioners were divided into three groups when looking at the opportunity with the highest
promotional strength. The leading opportunities were the long-term environmental benefits,
which were viewed by five practitioners as the opportunity with the highest score, the general
cost savings, and the suitability of ECVs to the firms’ needs in terms of vehicle range. Each of
these opportunities was viewed by four practitioners as the one with the highest score.
Nevertheless, when considering the three opportunities with the highest potential, more than ten
of the practitioners in policy-making organizations agree that the two financial motivations of
cost-savings in daily use (i.e., energy costs and overall savings in the long-term) should be
included among the three opportunities with the highest promotional strength, and seven
practitioners viewed the long-term environmental benefits as one of the two opportunities with
the highest promotional strength. ECVs as a tool for generating good public image and their
suitability to the firms’ needs were viewed among the three best opportunities by five and six

practitioners, respectively. The opportunity for the firm to be a pioneer and an innovator, and the
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perception that ECVs are cool to drive, were viewed as the second or third best opportunity by
two and three practitioners, respectively.
[Insert Figure 2]

Regarding the efficiency of the policy measure, the practitioners in policy-making
organizations almost unanimously agreed that in general ‘carrot’ are more effective than ‘stick’
policy measures. Most of the practitioners ranked a combination of two ‘carrots’ and one ‘stick’
among the three most effective policy measures. In terms of type, the three policy measures that
were ranked as the most or second most effective by the practitioners are financial policy
measures: low registration fees for ECVs, state subsidies for the purchase or use of ECVs, and
emission-based taxes on vehicles. Among these three measures, low registration fees for ECVs
were by far the most effective policy measure, considered by almost all the practitioners to be
either the most or the second most effective one. High gasoline and diesel prices were considered
as the three most effective measures among a third of the participants. Free parking was
considered to be the third most effective policy measure by a third of the participants.
Limitations on carbon emissions or the purchase of conventional vehicles were considered by far
the least effective policy measures. The practitioners ranked the policy measures independently
and were not requested to choose a preferred policy package. Nevertheless, looking at the three
most effective measures ranked by each participant, the combination of low registration tax and
emission-based taxes was chosen by eight practitioners as most effective, and the combination of
low registration tax and state subsidies was chosen by seven practitioners. Nevertheless, the
combination of low registration taxes, state subsidies and low emission taxes were ranked among
the three most effective measures only by three participants.

[Insert Figure 3]
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Almost of the practitioners in policy-making organizations agreed on the market
penetration rate for ECVs per target year. The agreed penetration rate was 5-10% until 2020, 20-
30% until 2030, 60% until 2050, and 80% until 2070. Interestingly, in the conferencing
procedure the practitioners agreed that ECVs will not reach their full potential market
penetration because they will compete with other technological solutions for low-emission
vehicles. In a minority opinion, two practitioners perceived a much faster penetration rate of 40-
50% until 2020 and 70-100% until 2030. These two practitioners perceived the high purchase
price of ECVs as the most important challenge, the advantages in terms of energy costs and
general cost savings as the opportunities with the highest promotional effect, and high petrol and
diesel prices and low registration fee for electric vehicles as the most efficient policy measures.
Thus, these two practitioners viewed a more radical change in the financial aspects of car use
that will lead to a faster market penetration of ECVs.

[Insert Table 2]
3.2 Conferencing procedure

In the conferencing procedure, the practitioners pointed out that, in order to achieve
significant impact, it is necessary to decide upon an effective a policy-package consisting of
several policy measures, for creating a synergetic effect. Moreover, they pointed out that an
important challenge for ECVs’ market penetration is associated with prejudice against this new
technology, which is partly related to the lack of information and partly to the collapse of “Better
Place” in Denmark, and thus better information diffusion about the features of ECVs’ technology
and the opportunities associated with them may help in promoting their market diffusion. A
longer discussion questioned the focus on ECVs as a sole technological solution. Namely, the

practitioners underlined that policy-making efforts should be focused on challenges and
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opportunities that help promoting low-emission vehicle solutions at large. Technical solutions
and improvements were discussed, and a common agreement was that a pure electrical solution
is only a step on the way moving from fossil fuels, and perceived that a much larger share of
market penetration can be achieved with a mixture of various types of AFV solutions. The
reasons provided by the practitioners were that the technology of ECVs as we know it today may
radically change in the future, and the existence of a wide variety of low-emission vehicle
technologies, which will allow the firms to choose the most effective technological solution
according to their needs, preferences and resources.
3.3 Comparison with the firm perspective

Comparing the results of this study with the results of Kaplan et al. (2015) for the Danish
case study provides valuable information regarding the possible similarities and gaps between
the perspective of practitioners in policy-making organisations and the perspective of firms as
potential consumers of ECVs. The study collected information from 677 Danish firms, drawn
from a representative sample, about their current daily tour and stop patterns, and their ECV
procurement intentions and their attitudes, norms and perceived operational ease of ECVs.

The observed activity pattern consisted of the average number of depot-based daily tours,
the average daily tour duration and the number of pick-up/drop-off and rest stops per tour for a
representative vehicle, the share of vehicle fleet that have a tour length from under 50 km to over
400 km in increments of 50 km, and the share of the vehicle fleet that has at least one 30-minute
stop. The distribution of the activity pattern of the firms is provided in table 3. The average daily
tour length of 81.3% of the firms is shorter than 100 kilometres and in almost half of the
companies at least 60% of the vehicles include at least one 30 minute stop in their daily pattern.

[Insert Table 3]
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The attitudes towards ECVs comprised interest in ECVs, perceived level of familiarity
with ECV technology, positive attitudes towards ECVs as an environmentally friendly and
energy saving transport mode, and perception of ECVs as a passing trend. The subjective norms
referred to other firm managers and politicians in the same industrial sector and in geographical
proximity to the firm, and regarded conversations about ECVs use and purchase, positive
opinions about ECVs, and expectations of politicians that ECVs would be introduced in this
industrial sector. The perceived behavioural control targeted perceived difficulties to use EVs,
namely high price, limited range and speed, lack of service network and recharging
infrastructure, maintenance ease, road safety, parking considerations, energy cost-savings and
financial purchase incentives. The attitudinal items were rated on a 5-point Likert scale ranging
from completely disagree to fully agree. The results of the attitudinal items that correspond to the
current study are provided in table 4. In terms of the challenges, the majority of the fleet
managers perceive that the purchase price is too high (75.6%) and that there is missing
recharging infrastructure (59.3%). Almost half of the fleet managers answered "neither agree nor
disagree" to the questions about the reliability and safety of ECVs, indicating a possible lack of
knowledge or experience with ECVs. Nevertheless, less than 20% of the fleet managers think
that ECVs are unreliable or unsafe. Regarding the opportunities, 76.2% of the fleet managers
think that ECVs have long-term environmental benefits, while only 41.1% view them as a
potential opportunity for general cost savings. 51.1% view ECVs as a tool for generating good
public image and 47.1% agree that ECvs are suitable for the driving range needs of the firms.
Regarding the policy measures, 64.3% and 53.2%of the fleet managers, respectively, agree that
tax benefits and free parking are beneficial for encouraging the use of ECVs.

[Insert Table 4]
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4. Conclusions

We focus on the perceptions of practitioners in policy-making organizations regarding
the severity of the challenges, the opportunities and the policy measures for the market diffusion
of ECVs. These perceptions are important for the diffusion of ECVs because stakeholder’s
strategies in encouraging their wide-scale market penetration are dependent on their perceptions.
While most previous research on the market penetration of ECVs focused on the demand side
from the firm perspective, understanding the perspective of practitioners in policy-making
organizations in addition to the firms will contribute to a dialogue that will eventually lead to a

successful market diffusion.

To perform the analysis, we propose a new four-step expert-based technique, named
COPE-SMARTER, for evaluating the possibility of market diffusion of new environmental
friendly technologies by combining a private case of SWOT analysis for identifying strengths,
weaknesses, opportunities and threats with Multi-Criteria Decision Analysis (MCDA) methods
based on the decomposition approach, namely the divide-and-conquer (DAC) principle. A
conferencing procedure forms the last stage of the method in order to generate in-depth
discussion and an integrated view. Using the COPE-SMARTER methodology, we provide a
rigorous quantitative evaluation of the severity of the challenges, the promotional strength of
opportunities and the efficiency of policy measures. The evaluation results show that the
proposed COPE-SMARTER is an efficient and easy to implement MCDA tool that produces
clear, coherent, and tractable results for an overall assessment of importance-performance, easily
detects minority and majority opinions, and is readily applied in decision making processes of

both small and large group sizes.
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The most severe challenges perceived by practitioners in policy-making organizations
were financial, operational, and technological, with high purchase prices being by far the most
severe challenge followed by vehicle range and winter operation issues. The opportunities with
the highest perceived promotional strength were financial and environmental, with overall
savings in the long-term as the opportunity with the highest promotional strength, followed by
energy cost savings and long-term environmental benefits. The policy-measures that were
perceived as most effective were low registration fees for ECVs, state subsidies for the purchase
or use of ECVs, and emission-based taxes on vehicles. The policy-packages that were viewed as

the most efficient combine ‘carrot’ and ‘stick’ policy measures, with more ‘carrots’ than ‘sticks’.

Comparing the results of this study with the results of Kaplan et al. (2015) for the Danish
case study provides valuable information regarding the possible similarities and gaps between
the perspective of practitioners in policy-making organizations and the perspective of firms as
potential consumers of ECVs. The firm managers and practitioners in policy making
organizations agree that the main challenge to resolve is the high purchase price of ECVs.
However, there is a mismatch between the fleet managers and the practitioners in policy-making
organizations regarding the importance of driving range versus recharging infrastructure. The
practitioners in policy making organizations view the driving range as a secondary challenge and
disregarded the importance of public charging infrastructure, while fleet managers indicated that
the driving range of their vehicles is relatively short and that ECVs are suitable for
accommodating their needs, but indicated the lack of charging infrastructure. Regarding the
opportunities, practitioners in policy-making organization perceive the environmental benefits of
ECVs as having a good promotional strength, and indeed most fleet managers view this

advantage. Nevertheless, Fleet managers do not view the cost savings related to ECVs while
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policy makers almost unanimously view the cost saving as the best opportunity for ECV market
penetration. In addition the practitioners in policy-making organizations overlook the potential
promotional strength of ECVs as a tool for generating a good public image. Last there is a wide
agreement regarding the value of tax benefits as an efficient policy measure for encouraging

ECV market penetration.
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Description |Financial
Participant |C1

Average

Figure 1. The scores of the severity of the challenges for the market diffusion of ECVs

Physical Operational Technological Safety
c3 ca cs c6 7 c8 9 c10
0.089 0.061 0.014 0.002 0.206 0.029 0.181 0.157 0.005
0.146 0.020 0.015 0.005 0.215 0.064 0.093 0.168 0.005
0.051 0.062 0.050 0.037 0.213 | IGIEEE| 0.167 0.127 0.015
0.092 0.010 0.063 0.126 0.213 0.040 0.166 0.022 0.002
0.056 0.094 0.072 0.017 0.186 0.164 0.126 0.048 0.004
0.177 o.o00 [ IGESE 0.000 0.021 0.054 0.115 0.098 0.000
0.108 0.036 0.012 o.01s | IOEE 0.174 0.073 0.061 0.003
0.109 0.030 0.061 0.002 0.093 0.077 0.191 0.168 0.015
0.065 0.032 0.003 0.000 0.181 0.078 0.159 0.126 0.019
0.170 0.126 0.072 0.000 0.035 0.017 0.044 0.221 0.006
0.137 0.057 0.028 0.019 0.180 0.108 0.099 0.116 0.005
0.166 0.050 0.040 0.005 0.264 0.126 0.099 0.015 0.000
0.065 0.132 0.113 0.023 0.048 0.005 0.195 0.172 0.005
0.000 0.000 0.084 0.000 0.173 0.139 0.110 0.173 0.000
0.102 0.051 0.065 0.018 0.167 0.096 0.130 0.119 0.006
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Description |Technological Operational Environmental Financial Branding
Participant |01 02 03 04 05 06 o7 08

#1 0.000 | IN01256 0.192 0.008 0.255 0.046 0.062 0.023
#2 0.036 0.101 0.004 0.197 0.262 0.048 0.016
#3 0.091 0.056 0.115 0.017 0.155 0.209 0.053
#4 0.000 0.000 0.000 0.000 0.000 0.000 0.000
#5 0.065 0.192 0.087 0.037 0.205 0.127 0.024
#6 0.128 0.095 0.175 0.066 0.219 0.040 0.009
#7 0.074 0.055 0.029 0.182 0.243 0.094 0.011
#8 0.059 0.032 0.016 0.216 0.105 0.133 0.162
#9 0.145 0.015 0.008 0.078 0.257 0.109 0.058
#10 0.238 0.087 0.054 0.110 0.035 0.156 0.014
#11 0.227 0.171 0.069 0.051 0.088 0.088 0.014
#12 0.034 0.114 0.007 0.197 0.247 0.068 0.015
#13 0.057 0.031 0.015 0.129 0.089 0.177 0.232
#14 0.085 0.012 0.178 0.036 0.113 0.061
#15 0.076 0.186 0.096 0.022 0.248 0.045 0.007
#16 0.010 0.000 0.000 0.198 0.284 0.039 0.058
Average 0.090 0.134 0.063 0.185 0.160 0.119 0.047

Figure 2. The scores of the potential marketing strength of the opportunities for the market diffusion of ECVs
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Description
Participant

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16

Average

P7
0.009 0.026
0.009 0.040
0.039 0.120
0.014 0.115
0.164 0.040
0.175 0.121
0.005 0.039
0.004 0.026
0.004 0.183
0.051 0.025
0.042 0.155
0.004 0.054
0.043 0.009
0.130 0.130
0.021 0.065
0.021 0.328
0.046 0.092

Figure 3. The scores of the efficiency of the policy measures for the market diffusion of ECVs
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Table 1. Challenges, opportunities and policy measures for the market diffusion of ECVs

Challenge type Challenge description Number
Financial High purchase costs C1
Missing publically available charging stations C2
. Lack of service network C3
Physical . .
Lack of service network in rural (outer) areas C4
Unsuitability of ECVs for driving poor quality road in rural areas C5
. ECV range as insufficient for daily tour needs of firms C6
Operational . e .
Recharging difficulties because of the stopping patterns of ECVs c7
. unpredictability in winter conditions c8
Technological . .
Trade-off between comfort (heat) and range during the winter C9
Psychological Fear of accident involvement due to low noise level of ECVs C10
Opportunity type Opportunity description Number
Technological The perception of ECVs as cool to drive 01
. Suitability of ECVs to firms’ needs in terms of vehicle range 02
Operational . .
Ease of adaption ECVs for the needs of firms 03
Environmental Long-term benefits to the environment from driving ECVs 04
. . Advantages in terms of energy costs 05
Financial . . .
Potential opportunity for general cost savings 06
Brandin ECVs as a tool for generating good public image o7
g Opportunity for the firm to be a pioneer and innovator 08
Policy type Policy measure description Number
Free parking for electric vehicles P1
‘Carrots’ State subsidies for the purchase or use of electric vehicles, P2
Low registration fee for electric vehicles P3
Emission-based taxes on vehicles P4
. High petrol and diesel prices P5
‘Sticks’ . .
Cap on firms' carbon emissions P6
Limitation on the purchase of conventional fuel vehicles but not on ECVs P7
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Table 2. The penetration rate of ECVs per target year

Participant 2020 2030 2050 2070
#1 3% 6% 15% 100%
#2 3% 10% 30% 70%
#3 2% 10% 80% 90%
#4 3% 10% 25% 40%
#5 40% 70% 85% 95%
#6 5% 18% 50% 60%
#7 10% 25% 70% 100%
#8 2% 20% 50% 65%
#9 3% 25% 40% 40%
#10 10% 40% 80% 90%
#11 2% 8% 50% 80%
#12 4% 25% 98% 100%
#13 2% 15% 35% 75%
#14 50% 100% 100% 100%
#15 5% 20% 70% 100%
#16 10% 30% 90% 100%
Geo Mean 5% 20% 54% 78%
Average 10% 27% 61% 82%
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Table 3. The distribution of activity pattern across the surveyed Danish firms

Tour length  Description Average share of tours
Daily tour of less than 49 km 53.4%

Daily tour between 50-99 km 16.6%

Daily tour between 100-149 km 11.3%

Daily tour of between 150-199 km 7.1%

Daily tour of more than 200 km 11.6%

Stop pattern  Description Share of firms
Less than 20% of the vehicles in the firm have 30 min. stops 37.2%

21-40% of the vehicles in the firm’s fleet have 30 min. stops 3.7%

41-60% of the vehicles in the firm’s fleet have 30 min. stops 7.2%

61-80% of the vehicles in the firm’s fleet have 30 min. stops 7.1%

81-100% of the vehicles in the firm’s fleet have 30 min. stops 42.2%

2.5%

Do not know how many vehicles have 30 min. stops
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Table 4. Danish firm managers' perceptions regarding ECVs

Neither

Challenge description Number  Strongly agree nor Strongly

disagree  Disagree disagree ~ Agree agree
High purchase costs C1 2.7 2.7 19.1 24.8 50.8
Missing publically available charging 2
stations 4.0 5.6 31.2 28.1 31.2
Lack of service network C3 5.0 6.4 46.4 18.2 24.1
unpredictability of ECVs C8 9.9 17.1 54.7 12.1 6.2
Fear of accidents due to low noise level C10 20.2 19.9 48.7 8.0 3.1
Opportunity description Number
The perception of ECVs as cool to drive 01 4.3 7.2 52.1 20.2 16.1
Suitability of ECVs to firms’ driving range 02 15.7 17.6 19.6 25.3 21.9
Ease of adaption ECVs for the needs of firms O3 7.7 7.8 59.7 13.1 11.7
Long-term benefits to the environment 04 5.0 4.0 14.8 24.8 51.4
Potential opportunity for general cost savings 06 115 9.7 37.7 17.7 23.3
ECVs as a tool for improving public image o7 6.2 3.4 39.3 31.8 19.4
Policy measure description Number
Free parking for electric vehicles Pl 7.5 5.8 335 21.7 315
Tax benefits for electric vehicles P3 55 2.4 27.9 24.7 39.6
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