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Abstract 

 

The road transport sector is entirely dominated by internal combustion engine vehicles; 

therefore faced with many challenges including high oil dependency, increasing 

environmental pollution and climate change which endanger human health. Therefore, the 

electric vehicle has been in the forefront of road transport research. While electric vehicle is a 

major break-through in the road transport sector, they have their own challenges. The main 

issue in this paper is “If two vehicles (one gasoline/petrol vehicle and any type of electric 

vehicle) are present in a household it is therefore imperative to model, who will use which car 

and for which trip type?” The main goal of this thesis is to decide the vehicle choice per trip 

when both an electric vehicle of any kind and an internal combustion engine vehicle are 

present within the same household. Data was collected using an online questionnaire. The 

method used to analyze the data was Analytic Hierarchy Process (AHP). The stated 

preference questionnaire also provided data used for the pair-wise comparisons used in the 

AHP model. In the AHP model, three vehicle alternatives; status quo or internal combustion 

engine (ICE) vehicle, Plug-in hybrid electric vehicle (PHEV) and all-electric vehicle (EV) 

were used with five criteria to obtain the best suited vehicle to swap with the status quo. The 

result was in favour of all-electric vehicle (EV). Which means EV is the most suited vehicle 

to be considered in the swapping model. Any future research should model the swapping 

process between the status quo and EV. 
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INTRODUCTION 

 

Passenger car use has a large share in the transport sector and this trend is expected to 

increase further in the future. The road transport sector today is almost entirely dominated by 

internal combustion engine vehicles with about 95% dependency rate of transport on fossil 

fuel (Hacker et al., 2009). In the transport sector, light-duty vehicles account for about 60% 

of energy use and greenhouse gas emissions (Yang and McCarthy, 2009). In Europe in 2004, 

out of the 30% of total final energy consumed by the transport sector, road transport 

consumed 82% which was responsible for 25% of CO2 emissions (Perujo and Ciuffo, 2009). 

The road transport sector faces challenges due to the kind of vehicles that are predominant on 

the roads which is characterized by ever  increasing pollution, high oil dependency, and 

climate change to name a few.  

 

Background and problem definition 

 

Personal mobility in Western countries has increased from 17km a day in 1970 to 35km in 

1998, resulting to environmental pollution (from emissions) and damage to health (Panis et 

al., 2008). Because of the ever increasing travel distance of motorist to perform their daily 

activities, and due to the fact that people are very interested in the comfort standards of their 

own vehicles and to enjoy their privacy, they fall in love with their personal vehicles as most 

of them do not choose to commute by public transport. The quest for ways to lessen the 

consequences of this trend has driven research in the direction of the electric vehicle.  

  

While breakthrough in the road transport sector is anticipated by using the electric vehicle, 

the electric vehicle brings along its own problems of deployment; which include batteries that 

are not robust enough, high cost of battery as well, the question of the electric grid to 

withstand the increased demand for electricity as a result of recharging (Plug-in electric 

vehicles and batter electric vehicle), and reduced travel distance as compared to internal 

combustion engine vehicles. The electric energy available for charging and recharging of 

electric vehicles depends on the electric grid; and the costs and amount of emissions from 

electric vehicles depends on the quantity, location and timing of vehicle electricity demands.  
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Although the driving range or travel distance of electric vehicle depends on the robustness of 

the battery, it is also influenced by the daily activity patterns of the individual or house hold 

(that is location, duration and kind of activities that they carry out from day to day). This 

means that the travel range of the electric vehicle depends on the spatial-temporal linkages 

between the kinds of activities that individuals or households carry out as part of their daily 

activity schedule. The variety of and numerous daily activities that individuals/households 

perform constitute the core of the limitations of the conventional (4-step) transport model and 

the travel activity data provides insight on the effects of widespread adoption of the electric 

vehicle (Kang and Recker, 2009). It also touches on the demographic characteristics of the 

household.  As a result of the afore mentioned limiting factors of the electric vehicle, its 

market penetration in the near future depends on the technological advancements in the 

direction of battery robustness, and individual/household  perception of electric vehicle and 

associated user behaviours. These are issues that transport decision makers, politicians and 

manufacturers of automobiles have to consider so as to increase the market penetration of 

electric vehicle in the future. Therefore, there is the need for more research in this regard so 

as to lesson these ills that are present in the road transport system today. Also, households 

need to consider the advantages of using electric vehicle and include it in their fleet of 

vehicles. The ownership of multiple vehicles with different characteristics in a household 

would encourage and promote swapping of the vehicles according to their characteristics and 

characteristics of the trips (purpose of trip and distance to be covered). The choice of second 

vehicle is of paramount importance in order to perform swapping behaviour between 

household fleet of vehicles with different characteristics. This brings about the clear 

statement of problem of this thesis which is “If two vehicles (one gasoline/petrol vehicle and 

any type of electric vehicle) are present in a household, it is therefore imperative to model 

who will use which car and for which trip type?” 

 

Motivation and objectives 

 

The introduction and background raised a lot of questions which need to be answered. 

Interests on how to attempt answers to these questions pave the way for solutions to many of 

the issues raised herein. This include seeking solutions to the over dependency of the road 

transport sector on fossil fuels which is a source of greenhouse gas emissions and resultant 

environmental pollution. Is the electric vehicle seen as one of the best solution to solve these 

problems? If that is the case, then the electric vehicle will become popular in these 
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households. However, we will find this out later on in this paper. which type of electric 

vehicle is best suited to reduce these problems. Then several aspects of electric vehicle use 

have to be studied. One of these is car swapping behaviours when an electric vehicle and 

internal combustion engine vehicle are present at a given time in a household with more than 

one person with driving license.  

 

Looking at the history of papers and projects that are found in this domain, most of them do 

not report on vehicle swapping between members of same household. Even the few found 

only used discrete choice to model vehicle choice and not vehicle swapping per say, (to the 

best of my knowledge) but took a different underpin.  

 

This thesis is designed as an attempt to enhance the current state of the knowledge that 

involve the use of electric vehicles in the household by investigating how hybrid households 

carryout vehicle swapping. By hybrid households, we mean households that own both normal 

internal combustion engine vehicle and a type of electric vehicle. The geographical scale of 

this study is meant to be Belgium though there is limited number of electric vehicles that are 

deployed in this area. The main statement of goal of this master thesis is to decide the vehicle 

choice problem, when both an “electric vehicle” and an internal combustion engine vehicle 

are present within the same household. The actual swapping process is beyond the scope of 

this paper.  

 

 LITERATURE REVIEW 

 

Relevant literature related to this thesis will examine the use of activity based models as a 

superior modeling approach for predicting transport demand (over four-step models). Electric 

vehicles are portrayed as one of the best ways to reduce emissions from transport as 

compared to other fuel modes as their deployment means reduction of transport sector 

reliance on fossil fuels. Effects of Individual/household behaviours when they own an electric 

vehicle including driving behaviour, adaptation to trips and trip planning (and re-

adjustments), charging behaviour (time, place, and frequency), and trip rescheduling are of 

importance.  Electric vehicle is presented as what the future holds for the transport sector. It 

will demonstrate the effects of vehicle fuel type on daily activity patterns of individuals 

(agents) and/or households. In the following section, we make an overview of electric 
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vehicle; a discussion on travel demand approaches is made by throwing more light on the 

superiority of activity based models over the traditional 4-step model. This will be followed 

by an overview of the sales and the ownership of electric vehicles in Belgium, and finally the 

use and application of Analytic Hierarchy Process in transport related research.  

 

Background of electric vehicle 

 

According to the Encyclopedia of Science & Technology Online, electric vehicle is "a ground 

vehicle propelled by a motor that is powered by electrical energy from rechargeable batteries 

or other source on board the vehicle, or from an external source in, on, or above the 

roadway".   The electric vehicle has many advantages over internal combustion engine 

vehicles (ICEVs) as they promise much environmental advantages and enormous energy 

savings together with cost benefits that arise from both maintenance and operating costs 

(Kurani et al., 1994).  Electric vehicles have the advantage of being charged in many places 

ranging from home, work place, and other convenient places, unlike fuel for the ICEV that 

can only be purchased from the fuelling station. One  important characteristic of the electric 

vehicle is that electrical energy is being store in the battery, this plays down on the driving 

range of the vehicle as the battery has low energy density and can be easily depleted after few 

kilometers travelled (Kurani et al., 1994; Kang & Recker, 2009). They went ahead to report 

that electrical vehicle should not be a complete substitute for ICEVs as they too have their 

own new capabilities as well as limitations. This means that limited travel range and long 

charging time of battery present enormous challenge of selling electrical energy to drivers 

who usually drive for long distances and have been used to quick and fast refueling. 

 

Travel demand modeling approaches: 4-steps Vs. Activity-based. 

 

The aggregate approach or first generation of transport models involve the traditional 4-step 

model that model trip generation and attraction, distribution, modal split and traffic 

assignment. This model is very simplistic and does not take into consideration interactions of 

trips within a trip chain, interaction between different tours and also does not consider the 

fact that travel is a derived demand which is demand for activity that need to be performed.  
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Literature on Activity based models reports that they are derived from improvement of the 

traditional 4-step model. The traditional 4-step transport models take trip as the starting point 

of the models, trips are modeled starting from their generation, distribution over geographical 

space, modal split and their assignment to the various road networks. These models have 

been inadequate in handling many important policy issues though there have registered 

success in their application to some extent, for example construction of a new transportation 

infrastructure (Algers et al., 2001). 

 

The limitations of the traditional 4-step model have led to the emergence of more complex 

travel forecasting models namely tour based models and activity based models.  These new 

generation of travel demand models have the following features: (1) an activity-based 

structure , which implies that travel demand is derived from daily activities carried out by  

households/individuals within the household,  (2)  a tour based platform where a tour instead 

of the basic trip is used  as the basis of analysis, (3) micro-simulation modeling techniques 

that use households and individuals within the household at a fully disaggregate level, which 

convert travel and activity related choices from fractional probability models outcome into a 

series of decisions among the discrete choices. An ideal activity-based model is one that takes 

into consideration activity participation along a particular time frame as constrained by time, 

space and social networks; accounting for interdependency among individuals within the 

household, among individual trips, and trips within the same trip chain (Kochan et al., 2008).  

 

Over the past decades, a strong debate over the use of activity based models to further the 

understanding and to better appreciate the impacts of emerging transportation policies; and to 

improve travel demand forecasting has been made (Doherty et al.). One of the main issues 

raised in the debate is how individuals conduct their travel behaviours. This means 

interdependency exists between the various activities that are performed, where, when, for 

how long, with whom, which transport mode and route choice made (Doherty et al.). 

Households respond to changes in transport policies in a complex manner and in many ways, 

some of which include reorganization of trips into tours, reassignment or redistribution of  

trip/task among members of the household, and revision and /or rescheduling of activities and 

travel plans as a whole (Doherty et al.) 

 

Activity based models with their in-depth analysis of how people carry out their activities in 

time and space go a long way to give a good perspective on the strategies involve in doing so. 
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This holds true for other urgent transport policies like use of electric vehicles. The key 

question here is how people will adapt and change their travel activity decisions and 

behaviours. The outcome of this decision is often what is modeled in activity based models. It 

has been argued that people make and adapt  their activity and travel decisions based on the 

prevailing transport (Travel Demand Management, TDM) policies (Doherty and Miller, 

2000); this is to say that people respond to TDM policies by readjusting the spatial-temporal 

aspects of their activity patterns. The increasingly complex travel pattern and the need to 

estimate any changes that result from changes in new transport policies in other to better 

appreciate travel behaviour can only be well developed using activity based models due to 

their complex nature (Shiftan, 2003). The superiority of activity based models over other 

transport models makes it the best policy tool for transport demand modeling. 

 

Electric vehicle sales and ownership in Belgium 

 

Fossil fuel consumption has become a grave concern to the European Union and Belgium in 

particular. Belgium imports all of its petroleum, coal and natural gas needs. Ever rising fuel 

prices and environmental pollution have been confronted by great move towards the use of 

renewable and clean energy solutions. The gross energy dependence of Belgium presently 

stands at 77.9%, with a 79.3% dependence on foreign oil (Global Automobile Team, 2010; 

ACEA, 2012)  

 

The ownership of electric vehicle is still very low in Belgium. The market for hybrid vehicles 

and electric vehicles is still developing. Hybrids and electric vehicles sales stand at roughly 

1% in the entire Belgian vehicle market, with Toyota's Hybrid (parallel hybrid electric 

vehicle) being the most popular (Global Automobile Team, 2010). Other hybrid electric 

vehicles owned by Belgians include Lexus, REVA, Honda, and BMW. Volvo (C30), Peugeot 

(3008 Hybrid4), Mitsubishi (i‐Miev), and Ford (Focus) are also active in the electric vehicle 

sector and have announced their intentions to market electric vehicles in Belgium in the 

nearest future. However, hybrid and electric vehicle ownership is expected to gradually 

increase from a few hundreds to a few thousands over the next five years, approaching 

10.000 units by 2015 (Global Automobile Team, 2010) . 
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By the year 2020 to 2025, a majority of stakeholders in Europe (and Belgium, specifically) 

forecast a realistic market share for new electric vehicles at 3 to 10% (European Parliament, 

2010). The market penetration of electric vehicles will depend on how fast the technology 

behind it (battery) develops and how individuals/households perceive and accept electric 

mobility. In the EU-19, if the current trend of new vehicles sales of approximately 

15.000.000 vehicles  in 2009 continues, this will result to between 450,000 and 1.500.000 

electric vehicle units sold by 2020  to 2025 (European Parliament, 2010).  

 

 The Belgian government has however created several incentives to encourage and promote 

the ownership of electric vehicle. These incentives include a 30% federal tax credit 

(maximum Euro 9,000) when a new electric vehicle is purchased. The subsidies are somehow 

different in the various regions in Belgium. In the Flemish region, the government gives a 

30% and a 50% subsidy for the purchase of electric vehicle and electric motorcycle 

respectively; while in the Walloon region, the government offers a 75% subsidy (up to Euro 

25.000) for the purchase of a new electric vehicle (Global Automobile Team, 2010).  

 

Furthermore, Belgium does not presently have adequate charging infrastructure to support 

electric vehicles that depend on energy from the electric grid. There are a meager 19 charging 

stations in the whole of Belgium with a majority of them located in the Flemish region. In 

order to expand on the sales and ownership of electric vehicles in Belgium, charging stations 

must be developed, and also the issue of integrating the charging stations into the electric grid 

must be carefully addressed. 

 

Electric vehicle user's recharge behaviour 

 

Households/agents who own electric vehicle exhibit a variety of charging behaviour which 

influences the deployment of electric vehicle in the society. Charging behaviour is very 

important for policy makers and analysts since the incremental economic, environmental and 

societal benefits of electric vehicles depends on the agent's driving and recharging behaviour 

(Davies and Kurani, 2010).  

 

A handful of literature on electric vehicles report on various charging scenarios among which 

are Davies and Kurani, 2010; Axsen and Kurani, 2009; Baptista et al., 2010; Lemoine et al., 
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2006; Kurani et al., 1994; Balducci, 2008; Axsen and Kurani, 2008; Clement-Nyns et al., 

2010; Geth et al., 2010; and Knapen et al. Upon owning an electric vehicle, the owners adopt 

a new lifestyle whereby they plug in the vehicle to charge immediately they arrive their 

homes in the evening and unplug before they drive the vehicle the following morning. In this 

case they adjust to driving only over the distance which can be powered by the electric 

battery thereby avoiding being left stranded by their car on the way.  Depending on the 

charging behaviour performed, the distribution of electric energy used to recharge electric 

vehicle according to time-of-day could affect the amount of energy provided by the 

electricity providers as they will try to meet up with the extra demand. Depending on the way 

electric energy is produced and distributed, various regions of the country may be affected by 

the manner in which the electric vehicles are recharged. Also, time-of-day is an important 

determinant of the charging load on the electric grid. While night-time recharging will help 

level-up the demand and increase efficiency of the system, daytime recharging may worsen 

the prevailing demand peaks (Davies and Kurani, 2010). 

 

Household/Agent’s perception of electric vehicle and driving/charging behaviour 

 

Households or agents’ perception of electric vehicle is influenced by the distance within 

which the vehicle can cover with the energy contained in the vehicle's battery. Therefore 

travel range is vehicle’s major drawback at this stage of vehicle electrification. This 

perception is known as "range anxiety" (van Haaren, 2011). It is therefore, important to 

investigate what the agent's expectation of the range requirement is like for an electric vehicle 

of some sort.  

 

Agents are scared by the fact that they can be left stranded by their vehicle on the way 

because of the complete depletion of the battery. The agent's range anxiety is affected by 

vehicle characteristics like battery energy density and recharge times. Van Haaren (2011) 

recounts a recent study done in the US by Deloitte who found out that 80% of participants in 

the survey expected a driving range of 100 miles or more from the electric vehicle. Also, 

more than 60% of agents want to carry out all daily activities in just one charge to a distance 

of 200 miles and more. The new generation of electric vehicle has driving range of 120-

180km according to the manufacturer if they are only driven at a maximum speed of 

80km/hour, with normal temperatures, and without air conditioning. However, drivers fear 
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the validity and application of the driving range specified by the manufacturer because if the 

speed exceeds 80km, the vehicle which should run for 180km before the battery is depleted 

may finally run only for 120km (Christensen et al., 2010). 

 

Unlike refueling the ICE vehicles which is simple and possible in many public places, and 

above all taking a short span of time; many drivers perceive the recharge of electric vehicle to 

be time consuming and recharge points are presently scarce away from home. Electric 

vehicles take a longer time to recharge; depending on the recharge method, the time needed 

to charge some batteries to full capacity range from 30 minutes (80% quick-charge) to 48 

hours  (slowest wall-outlet charge for Tesla Roadster)  (Van Haaren, 2011). 

 

The perception of the electric vehicle by households has led to behaviours that help them 

adapt while using their electric vehicle. Many households decide to use their normal ICE 

vehicles when electric vehicle’s limitation had to be overcome. In the same survey carried out 

by Van Haaren (2011), 100% of participants agreed that there is no doubt that electric vehicle 

is needed for 'daily use', it appeared that they learnt to tackle the electric vehicle's limited 

driving range by having a conventional ICE vehicle to be used for longer trips. It makes sense 

to say here that households make use of their electric vehicle when commuting (Van Haaren, 

2011) since daily commute is typically made up of short fixed distances and employee's 

parking spaces is the first place where charging stations would be installed. 

 

The use of Analytical Hierarchy Process (AHP) in transportation research 

 

AHP is a method for formulating and analyzing decision based on intuition. Analytic 

Hierarchy Process shall be described in greater detail in the later parts of this paper. AHP has 

been applied to numerous practical transportation problems in the near past.  

 

 Poh and Ang (1999) used Analytic Hierarchy Process to analyze alternative fuels for land 

transportation in Singapore for the years 2020 to 2030. Four alternative fuels were included 

in their analysis, namely: status quo (normal internal combustion vehicle using petrol or 

gasoline), oil and electric vehicles (EV), oil and natural gas vehicles (NGV) and methanol 

vehicles. They used six criteria to determine the best fuel alternatives in year "X" in 

Singapore. These criteria were: supply, emission, technology, cost, consumer preference and 
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safety. In their case, they used an iterative forward and backward AHP planning process to 

identify and evaluate a set of policies that could be used to reduce the gap in a case whereby 

the preferred plan deviates from the most likely future scenario. 

 

Their results showed that the use of electric vehicle is the best fuel alternative for the year 

2020 to 2030 in Singapore. In other to help the land transport sector move in the desired 

direction, they identified a set of policies that will help achieve this goal. Financial incentives 

were found to be the most effective to steer consumers in the direction of the desired social 

choice of using electric vehicle. 

 

Tzeng et al. (2005) used Analytic Hierarchy process in a multi-criteria analysis of alternative-

fuel buses for public transportation in Taiwan. The aim of their research was to evaluate the 

best alternative-fuel buses that were suitable for the urban area and to explore the future 

direction of its development. The main alternatives evaluated in their paper were; gasoline-

electric, diesel-electric, CNG electric and LPG electric. Basing their work on the global 

development results, they considered 12 alternative fuel modes namely: conventional diesel 

engine, compressed natural gas (CNG), liquid propane gas (LPG), fuel cell (hydrogen), 

methanol, electric vehicle (opportunity charging), direct electric charging, electric bus with 

exchangeable batteries, hybrid electric bus with gasoline engine, hybrid electric bus with 

diesel engine, hybrid electric bus with CNG engine and hybrid electric bus with LPG.  

Tzeng et al. used 11 evaluation criteria to evaluate the various alternatives. The criteria 

included energy supply, energy efficiency, air pollution, noise pollution, industrial 

relationship, costs of implementation, cost of maintenance, vehicle capability, road facility, 

speed of traffic flow and sense of comfort.  

 

Their results showed that hybrid electric bus is the most suitable alternative for public 

transportation at the moment which will contribute to improving the quality of the 

environment. They found out that in a long run when the technological characteristic of other 

modes such as the electric vehicles is improved, electric vehicle will become most suitable 

alternative.  

 

Winebrake and Creswick (2003) also applied AHP to evaluate the future of hydrogen fuelling 

systems for transportation. They made use of scenario analysis to build their evaluation 

model. Their results provided more insight into the opportunities and barriers for 
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commercialization of hydrogen fuelling systems for transportation, as well as served as a 

methodological opportunity for using AHP as a future tool. In the same way, Halog et al. 

(2003) used AHP to make an assessment of electric vehicle battery technologies in 2003 and 

presented their findings at the 8th International Conference on Environmental Science and 

Technology that held in Lemnos island, Greece from 8 - 10 September 2003.  

 

In this paper, a similar approach as the ones used by  Poh  and Ang (1999), Tzeng et al. 

(2005), Winebrake and Creswick (2003) and Halog et al. (2003) is applied whereby various 

vehicles are used and compared following certain criteria to get the best suited vehicle choice 

to swap with the status quo. We will use five criteria to make a choice within three vehicle 

alternatives while making use of various vehicle and trip characteristics. This will be 

explained in detail later on in this paper.  

 

 

METHODOLOGY 

 

A Stated Preference Survey was carried out to obtain important data from 

individuals/households. Some of the data is used as input into and analyzed by Analytical 

Hierarchy Process (AHP).  This means qualitative information is converted into qualitative 

information and modeled to obtain the results. The online Stated Preference Survey is used to 

assign weights to the various vehicle pairs and between pairs of criteria in the pair-wise 

comparisons which are analyzed by the AHP. An overview of the various vehicle alternatives 

used in the analysis shall be presented later on in this paper. Also, the various criteria used in 

the analysis will be given below together with the details of the steps involved in the AHP 

procedure. 

 

The choice of AHP over other methods such as discrete choice models, Q method and 

Biogeme (to mention a few) was because of imprecision in the assessment of relative 

importance of the ratings of alternatives in relation to various attributes. The reasons for 

imprecision in this case would be as a result of unquantifiable (converting qualitative to 

quantitative) information, unobtainable information, incomplete information and partial 

ignorance of electric vehicles demonstrated by most households/individuals. 
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Stated Preference Survey 

 

This paper made use of the result of an online questionnaire that was designed on 

www.thesistools.nl. The stated choice survey (see questionnaire used in appendix 1) was 

designed concerning electric vehicle use and associated behaviour and sent to respondents 

mostly in Belgium. The first part of the survey was made up of questions about socio-

economic and demographic characteristics of households or members of households. The 

second part was made up of activity-based related questions that relate to distance over which 

respondents travel to perform various activities. This part is important because it has a direct 

relationship with travel range of electric vehicle and range anxiety of agents. The third part is 

made up of questions that ask respondents to assign weights to pairs of criteria in terms of 

meeting the goal and also pairs of vehicle alternative in relation to meeting the criteria.  

These weights were then used as input into the AHP analysis to make meaningful 

conclusions.  

 

The unit of the survey was the household, even though data on trips and individuals was also 

collected. The main idea was that households with more than two individuals with drivers 

license and two vehicles at their disposal are motivated to fulfill vehicle swapping behaviour. 

The criteria were for respondents to state their perception of electric vehicle, best electric 

vehicle choice, and associated behaviour when they own it. The survey was stated choice 

because electric vehicle ownership in Belgium is very low as stated above, so respondents 

were simply stating associated behaviours related to electric vehicle use if they owned one.  

Questions were asked about 5 criteria; namely eco-friendliness, range anxiety, practical 

considerations (convenience), economic reasons (fuel cost savings) and social image and 

status. Also questions were asked about 3 alternative vehicles including 2 electric vehicle 

types: plug-in hybrid and battery electric vehicle; in terms of meeting the criteria. 

 

Analytic Hierarchy Process  

 

This paper will make use of the Analytic Hierarchy Process tool to analyze the data from the 

stated preference survey to obtain the most suitable vehicle choice for swapping with the ICE 

vehicle the household already owns. The Analytic Hierarchy Process (AHP) tool is a 

measurement method for formulating and analyzing decisions. The theoretical framework for 
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a11    a12   ....  a1n 

a21    a22   ....  a2n                                                                                                                         

....    ....   ....  .... 

an1    an2   ....  ann 

AHP as used by Saaty (1980) is a decision support tool which can be used to solve complex 

decision making problems  (Berrittella et al., 2007) while also accommodating many different 

perspectives and priorities. It is therefore reasonable to ascertain that AHP support decision 

makers to make decisions involving their knowledge, experience and intuition. The AHP 

methodology by Saaty (1980) as reported by Berrittella et al. (2007) is a good example to 

follow for hybrid household vehicle swapping modeling. 

 

In this case of vehicle choice for car swapping, AHP decomposes the decision problem into 

elements, according to characteristics that they share in common, and their levels, which 

correspond to the common characteristic of the elements. The first level which is the topmost 

is the 'nucleus' of the problem or ultimate goal, at the intermediate level is the criteria, while 

the lowest level is made up of the "decision alternatives". The hierarchy is complete only 

when each element of each level depends on all the elements of the level directly above it; 

otherwise, it is defined as incomplete. The elements of each level are compared in a pair-wise 

manner with respect to specific element in the previous upper level.  

 

The pair-wise comparison scale as used in the AHP tool by Saaty (2008) can be seen on 

appendix 2. By using this pair-wise comparison scale, qualitative judgments are converted 

into numerical values, also with intangible attributes. 

In order to compute the priorities of the elements, a judgment matrix is assumed as follows: 

 

 

 

 

A=       

 

              

 

Where; aij represents the pair-wise comparison rating between the element i and element j of 

a level with respect to the next level directly above it.  The entries aij are governed by the 

following rules: aij >0; aij=1/aji; aii=1 ∀i 

The priorities of elements in matrix A can be calculated by finding the n
th

 root of the sum of 

products to get the vector W.                                         

                                                                                

Eq. (1) 
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Normalizing vector W, it becomes the vector of priorities of elements of one level with 

respect to the next upper level.  λmax is the largest eigenvalue of the matrix A.   

When the pair-wise comparison matrix satisfies transitivity for all pair-wise comparisons, it is 

said to be consistent and validates the relation that follows:  

 

aij =aikakj              ∀i,j,k                                                                                                      (Eq. 2) 

 

In order to maintain reasonable consistency when deriving priorities from paired 

comparisons, Saaty (1980) state that the number of factors must be nine or less.  Analytical 

Hierarchy Process (AHP) allows inconsistency, but also provides a measure of the 

inconsistency in each set of judgments. The consistency of the judgmental matrix can be 

determined by a measure called the consistency ratio (CR), defined as: 

 

      
  

  
                                                                                                                           (Eq. 3) 

                       Where; CI is the consistency index and 

                       RI is the Random Index.  

 

Saaty (1980, 2000) provided average consistencies (RI values) of randomly generated 

matrices (see appendix 3).  CI for a matrix of order n is defined as:  

  

   
λ        

   
                                                                                                                     (Eq. 4)  

 

The general rule is that a consistency ratio of 0.1 or less is considered   acceptable. However, 

this threshold is 0.08 and 0.05 for matrices of sizes four and three respectively. Higher values 

should be elicited again as the judgments may not be reliable or trusted.  

 

Once the local priorities of elements of different levels are available, in order to obtain final 

priorities of the alternative ai, the priorities are aggregated as follows:  

 

                                                                                                       (Eq. 5) 

 

Where:  wk is the local priority of the element k and   
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Sk(ai) is the priority of alternative ai with respect to element k of the upper level. 

 

Assessment of the various alternatives in the AHP model 

 

The principal parameter for defining alternative solutions to the vehicle used by any member 

of the household at any given time is the source from which the vehicle gets its energy. 

According to data collected from the stated preference survey that was conduction to boost 

knowledge of writer including that gained from related literature, alternative vehicles were 

classified into four major groups: the status quo (which is internal combustion engine, ICE 

vehicle), hybrid electric vehicle (HEV), plug-in hybrid electric vehicle (PHEV) and the 

Battery or all- electric vehicle (EV). The electric vehicles which are recharged using 

electricity (PHEV and BEV) are of extreme importance in this study. An assessment of the 

various alternatives according to criteria that apply to all vehicle types is important in order to 

apply weights to be used in analysis in the AHP model.  

 

Status quo 

 

 The status quo is assumed to be the first car owned by the household. The source from which 

the vehicle gets its energy is an internal combustion engine that uses fossil fuel, therefore 

emits huge amount of pollutants and greenhouse gases into the atmosphere. They cover long 

distances and refueling is possible only at fuelling stations. The fuel efficiency of these 

vehicles is quite low as compared to electric vehicles. They are the cheapest in terms of 

purchase cost and more expensive to run than the other alternatives. 

 

Hybrid electric vehicles (HEVs) 

 

The major components of this type include a gasoline engine, electric motor, generator, 

transmission, fuel tank for gasoline engine, and batteries for the electric motor (Deal, 2010) 

These are vehicles that are powered by an internal combustion engine that can be used on 

conventional internal combustion engine vehicles and by an electric motor that uses energy 

that is stored in the battery. The battery of the HEVs receives power from the operation of the 

internal combustion engine within.  
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The HEV has better fuel economy and better performance over the conventional ICE vehicle. 

With HEVs, fuel economy can be greater than 50% when compared with internal combustion 

engine counterparts, the main reason being that the electric vehicle battery works side-by-side 

with the ICE and takes over the task at relatively low speeds (Gilbert and Perl, 2005).  It is 

important to note that fuel use of conventional vehicles at low speeds is very high, with fuel 

use at 5 to 10km/hr being typically about three times that at 40 to 50km/hr (Gilbert and Perl, 

2005). On the other hand, the electric motor therein delivers maximum torque at low speeds. 

This makes the hybrid vehicles unlike their conventional counter parts to exhibit better fuel 

economy especially in the urban areas where driving speed is lower than on high ways. Also, 

the additional power that is being provided by the electric motor makes the HEV to use 

smaller engines, which results to better fuel economy and enhanced performance at the same 

time (NREL, 2011). In addition to having high fuel economy, HEVs also have low green 

house gas emissions in addition to the power and driving range advantage of conventional 

ICE vehicles. 

 

An important feature of HEV is that they do not require electric energy to charge their 

battery, instead, they capture kinetic energy lost during breaking i.e. regenerative breaking 

(NREL, 2011), as they switch off the ICE when decelerating or stationary, and by 

mechanically adding power to the battery when full throttle is applied (Gilbert and Perl, 

2005; NREL, 2011). However, this vehicle type will not be included in the analysis because 

of low market penetration rate. 

 

Plug-in Hybrid Electric Vehicles (PHEVs) 

 

The technology of PHEVs is built on the experience of HEVs. A plug-in hybrid electric 

vehicle is a vehicle that has batteries which can be connected to a grid to charge and an 

internal combustion engine that can automatically provide energy to the vehicle when the 

energy in battery is depleted (Balducci, 2008). These vehicles receive their power from built-

in internal combustion engine as well as electrical energy stored in the battery. The battery 

pack of PHEVs is larger as compared to those of HEVs, making it possible to run over pretty 

long distances of about 10 to 40 miles by only using electric energy. This distance is 

commonly called "all-electric range" of the vehicle (NREL, 2011). A PHEV's battery has a 
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capacity that is 5 to 10 times larger than that of HEV, but less than 0.25 to 0.33 times that of 

EV (Markel, 2010). 

The batteries of PHEVs can be charged in many ways (NREL, 2011): by using an electric 

source outside the vehicle, by using internal combustion engine, or through regenerative 

breaking. This means that PHEVs combine the energy sources of HEVs, in addition to using 

an external electric source of power from the electric grid. Therefore, if the vehicle is never 

plugged-in to charge, the fuel economy will just be the same as that of HEVs. On the other 

hand, if the battery is fully charged and driven for a distance as short as its all electric range, 

it is possible for the vehicle to use just electric power only.  

 

All-electric vehicles (EVs) 

 

All-electric vehicle operates entirely on electricity, its technology is still in its developing 

stages. Battery electric vehicles or all-electric vehicles use a battery to store the electrical 

energy that powers the motor, and the battery is charged by plugging it into an electric power 

source. The EV itself produces zero emissions even though production of electricity at the 

source may contribute to emissions and they perform efficiently under low-load conditions 

(Tzeng et al., 2005).  Key disadvantages of EV include EVs have a shorter travel range than 

their conventional ICE counterparts when they have on a full tank of gas/petrol and also 

PHEVs, have long recharging time for battery. For example, all-electric Tesla Roaster has a 

220-mile range; and the Nissan Leaf can travel between 62 and 138 miles on a single charge, 

depending on the driving style, topography and speed (NREL, 2011). NREL (2011) also 

recounts a report of the U.S. Department of Transportation Federal Highway Administration 

which states that 100 miles is sufficient for more than 90% of all households’ vehicle trips in 

the United States.  

 

ANALYSIS AND RESULTS 

 

Before I start with the analysis, I will first of all present the socio-economic and demographic 

characteristics of the respondents and the average distance over which respondents travel to 

perform various activities. The total number of respondents that answered the questionnaire 

was 50. 
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 Looking at the sex composition of respondents, 78% of them were male while only 22 were 

female. 40% of respondents were married and 60% unmarried. 82% of them were employed 

and 18% unemployed. The educational background of respondents was sub-divided into three 

sections; 14% of them had high school degree, while 38% and 48% had bachelor and master 

degrees respectively. When the respondents were ask how many members in their house hold 

own a driver's license, 26.53% said 3 or more members in their household owned a driver's 

license while 53.06% and 10% said 2  and 1 member of their household owned a driver 

license respectively.  

 

As far as activity-based travel distance is concerned, results from the questionnaire showed 

that a great majority (approximately 85%) of the respondents travel for less than 60km per 

day to perform various individual activities (see figure 1 below) with all respondents 

travelling only for 40km or less to bring/take children from school. The activities under 

consideration were work, shopping, bring/pick children from school, leisure and visits.  

 

 

FIGURE 1: Percentage of daily travel distance per activity 

 

However, when the general average travel distance per day was considered, the trend showed 

some slight increase in the daily average distance as the percentage of respondent who 

travelled for a longer distance slightly increased as shown in figure 2 below. 
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FIGURE 2: General average daily distance travelled 

 

After presenting this background of the respondents/responses, the next step is to analysis the 

data using the Analytic Hierarchy Process. 

 

The AHP Model 

 

An AHP model is designed to determine the well-suited vehicle type to swap with the status 

quo. Figure 3 depicts the hierarchy used in the model. At the top of the hierarchy is the goal. 

The goal of the AHP analysis is to choose a suitable vehicle choice from the field of three 

vehicles to swap with the status quo. The second level represents the criteria used to reach the 

goal. The selecting criteria to be considered are eco-friendliness (emission reduction 

potentials), Range anxiety (related to travel range), convenience (practical reasons), social 

image and status (social reasons) and fuel cost savings or efficiency (economic reasons). 

While the lowest level shows a list of identified alternatives used in the decision analysis. The 

various alternatives to be considered in this analysis include the conventional gasoline/petrol 

vehicle (status quo), plug-in hybrid electric vehicle (PHEV) and battery electric vehicle or 

simply electric vehicle (EV). Each box in the diagram represents a node. Hybrid electric 

vehicle (HEV) shall not be considered in this analysis because of low market penetration rate. 
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FIGURE 3: The hierarchy in the AHP model 
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Where, “G” stands for Goal, “C” for Criteria and “A” for alternatives. 

 

Following standard AHP methodology, a series of pair-wise comparisons were made between 

the alternatives with respect to each criterion. The priorities were then obtained as outcome of 

the pair-wise analysis involving all nodes.  The nodes at each level were compared in pairs 

with respect to their contribution to the nodes above them. The results of these comparisons 

were entered into a matrix which was processed mathematically to derive the priorities for all 

the nodes on the level. The comparison was done by first comparing the alternatives to the 

criteria and then comparing the criteria with respect to importance in reaching the goal. Since 

they were three alternatives, each one was compared with each of the others; therefore three 

pair-wise comparisons were made with respect to each criterion: Status quo vs. PHEV, Status 

quo vs. EV, and PHEV vs. EV. For each comparison, judgment was first made of the weaker 

vehicle of the pair with respect to the criterion under consideration. Then a relative weight is 

assigned to the other vehicle of the pair.  This was done for all five criteria. 

 

Alternatives vs. Criteria 

 

When the alternatives were compared with respect to the criteria used, priorities were 

obtained for each alternative for all the five criteria.  

Fuel cost 

savings 
Eco-friendliness Convenience 

          EV Status quo 
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Eco-friendliness 

 

When the priorities for alternatives were calculated using eco-friendliness, the eigenvector or 

relative importance of priorities obtained for status quo, PHEV, and EV were 0.082, 0.236, 

0.682 respectively. This showed that EV is the most important vehicle choice (with a priority 

value of 0.682) followed by PHEV (with priority of 0.236), then the status quo (0.082) is 

least important alternative. The CR <0.1, therefore the pair-wise comparisons is consistent. 

Detail calculations can be found on appendix 4. 

 

Range anxiety 

 

When range anxiety of each of the alternatives was used to calculate the priorities of the 

alternatives, the eigenvector or relative importance obtained for status quo, PHEV and EV 

were 0.117, 0.268, and 0.614 respectively (see appendix 5). The results showed that EV is the 

most important vehicle choice (with a priority value of 0.614) as far as range anxiety is 

concerned. This was followed by PHEV (0.268), and the status quo is least important with 

0.117. The CR was 0.058, showing that it was consistent. 

 

Convenience 

 

Also, when convenience was used to calculate the priorities of the alternatives, the 

eigenvector was 0.291, 0.604, and 0.105 for status quo, PHEV and EV respectively (see 

appendix 6). The results showed that PHEV had almost tripled the second runner-up (status 

quo) when convenience was used. This is because PHEV uses both fossil fuel and electric 

energy so can be charged at home as well as refueled at the fuelling station. EV has least 

priority because of long charging times mostly at home.  

 

Social status and image 

 

However, when the alternatives were compared in terms of social status and image, the 

results showed that PHEV had the highest priority (see appendix 7). This was followed by 

EV, and the least was status quo. The eigenvector or relative importance was 0.126, 0.458 

and 0.416 for status quo, PHEV and EV respectively. This is because electric vehicles are 
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very expensive to purchase and warrant support from the government to motivate households 

to buy them. It is reasonable to say that the increase in the price of electric vehicle is 

proportional to the size of its battery. This result is surprising. 

 

Fuel cost savings 

      

Furthermore, the eigenvector derived when fuel cost savings is used for status quo, PHEV 

and EV is 0.085, 0.271 and 0.644 respectively (see appendix 8). This showed that EV has the 

highest advantage when it comes to fuel cost savings (approximately three times more than 

second runner-up), followed by PHEV. The status quo had the least advantage when this 

criterion was used. This means the running cost of electric vehicles is generally lower than 

that of gasoline vehicles with running cost decreasing with increase in vehicle electrification. 

The CR is 0.05 showing consistency. 

 

Criteria vs. the Goal 

 

As soon as the evaluation of the different vehicle types (the alternatives) with respect to their 

strength in meeting the criteria was done, next was the evaluation of the criteria in terms of 

reaching the goal. Once again, this was done by pair-wise comparison whereby 10 pairs were 

derived from the 5 criteria. The importance of the criteria in terms of meeting the goal was 

calculated using the matrix on appendix 9.  

 

 

FIGURE 4: Graphical representation of criteria in terms of reaching the goal 
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The priorities are shown in the normalized eigenvector on the right of the matrix. A graphical 

presentation of the results obtained is showed on figure 4 above. The results showed that 

members of households would swap between vehicles mostly because of economic reasons 

mainly to save on the cost of fuel. Also, when swapping between vehicles, range anxiety is 

the second most important criteria that they consider. The third criteria was practical reasons 

mainly convenience. The least important criterion was social status and image. The 

eigenvector of relative importance was 14.7%, 21.8%, 7.3%, 52.2% and 4.0% for Eco-

friendliness, Range anxiety, Convenience (practical reasons), economic reasons (fuel cost 

savings) and social image and status respectively. The CR of the pair-wise comparison is 

0.136.  

 

Computing final priorities 

 

As soon as the priorities of the Criteria with respect to the Goal, and the priorities of the 

alternatives with respect to the Criteria were calculated, it was then possible to calculate the 

priorities of the alternatives with respect to the Goal. This was just a matter of multiplying 

and adding priorities over the whole of the hierarchy. 
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TABLE 1: Priorities of criteria with respect to the alternatives 

          Priority 

Criterion      vs.      Goal           Alternative                                A            B          C 

 

Eco-friendliness             0.147      Status quo                               0.082  x  0.147= 0.012 

                                          PHEV                                      0.236  x  0.147= 0.035 

                                          EV                                           0.682  x  0.147= 0.100 

                                                                                     1.000                  0.147             

 

Range anxiety               0.218    Status quo                                  0.117    x  0.218=0.026 

                                                   PHEV                                        0.268   x   0.218=0.058 

                                                   EV                                             0.614   x   0.218=0.134 

                                                                                                      1.000                   0.218 

Convenience                 0.073    Status quo                                   0.291   x   0.073=0.021 

                                                   PHEV                                         0.604   x   0.073=0.044 

                                                   EV                                              0.105   x   0.073=0.007 

                                                                                                       1.000                   0.072 

Fuel cost savings           0.522    Status quo                                   0.085  x   0.522=0.044 

                                                   PHEV                                          0.271  x   0.522=0.141 

                                                   EV                                               0.644   x  0.522=0.336 

                                                                                                        1.000                  0.521 

Social image and status  0.040  Status quo                                     0.126  x  0.040=0.005 

                                                   PHEV                                           0.458  x  0.040=0.018 

                                                   EV                                                0.416  x  0.040=0.017 

                                                                                                         1.000                 0.040 
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TABLE 2: Priorities of alternatives with respect to reaching the goal 

 Priority with Respect to 

Vehicle 

Type 

Eco-

friendliness 

Range 

anxiety 

 

Convenience 

Fuel cost 

savings 

Social status 

and image 

 

Goal 

Status 

quo 

0.012 0.026 0.021 0.044 0.005 0.108 

PHEV 0.035 0.058 0.044   0.141 0.018 0.296 

EV 0.100 

 

0.134 0.007 

 

0.366 0.017 0.624 

 

 

 

FIGURE 5: Vehicle alternative in terms of reaching the goal 

 

The results show that the best vehicle choice to swap with the status quo is the EV with a 

priority value of 0.624; the second choice is the PHEV with a priority value of 0.296. The 

third and last vehicle choice is to swab with the status quo is the status quo itself with a 

priority of 0.108. Therefore the final conclusion from the AHP analysis using the five criteria 

used above is in favour of EV. This means that the actual swapping process will be between 

the status quo and the EV, where various swapping behaviours are performed. A study of the 

various behaviours is beyond the scope of this paper. 
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Validating the AHP results 

 

The consistency ratio (CR) is a very important check on the validity of the results obtained 

from the matrix used in AHP analysis. Normally speaking, Saaty stated that the CR of a 

matrix should be equal to or less than 0.1 for the results to be considered consistent; 

otherwise the weighting is elicited and should be corrected. It is very important to note here 

that some of the results herein were not consistent. This is the case for Convenience (0.757), 

Social status and image (0.448) and the matrix for criteria in terms of meeting the goal 

(0.136). The results of the other matrices were consistent. Some reasons responsible for 

inconsistent in some results presented in this paper are that the weights used in pair-wise 

comparisons were obtained from an online questionnaire. The respondents were asked if they 

were informed about electric vehicles, only 30% of respondents said they were well 

informed, while 38% said they had some information; and 30% and 2% said that have an idea 

and have no idea respectively. This means only one third of respondents were confident about 

their answers.  

 

 REPORTING/DISCUSSION 

 

In the debate over electric vehicle use, certain characteristics of electric vehicle are used to 

convince potential buyers to at least accept the electric vehicle as a second vehicle choice for 

the household for the moment and why not the best choice in the long run pending 

technological breakthroughs in battery technology in the future. In order to buy a new 

vehicle, there are characteristics or features of the vehicle that the manufacturers use to 

educate the buyer. Some of these features include highest speed, maintenance cost, fuel cost 

savings, benefits on emission reduction and in the case of electric vehicles (PHEV and EV) 

the travel range. Therefore in order to shape the purchase intentions of potential hybrid 

households and encourage the use of electric vehicles, the analysis above used some of these 

features to make a comparison between various vehicles according to their characteristics. 

 

When the five criteria were compared in terms of reaching the goal, EV had a good 

performance for most of the criteria (eco-friendliness, range anxiety and fuel cost savings). 

This is in line with the conclusions (social view point) obtained by Poh and Ang (1999) 
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which indicated that the best alternative fuel option for Singapore for year X is the EV, and 

they further stated that there should be a gradual conversion of private vehicles to run on 

electricity. In the same line, Berrittella et al. (2007) in their paper on evaluation of transport 

policies to reduce climate change impacts concluded that the best alternative policy to reduce 

adverse climate change impacts was "the tax schemes aiming at promoting environmental-

friendly transport modes”. This is one of the most superior characteristics of electric vehicle, 

and the electric vehicle that performs best in this regard is the EV (all-electric vehicle).   

 

To justify the results obtained from this analysis, when respondents were asked to state the 

average distance over which they travel to perform various activities per day, results of the 

survey showed that 94% of respondents travel for a distance of 80km or less per day with 

86% travelling 60km or less per day.  This result is in line with the results of Panis et al. 

(2008) who said personal mobility in western countries has increased from 17km per day in 

1970 to 35km per day in 1998.   This makes the use of electric vehicle very obvious by a 

majority of the households. For the 8% of respondents who travel over 80km per day on 

average, they can use the EV as a second choice. Therefore, 94% of households are potential 

electric vehicle users as they travel mostly for shorter distances within the travel range of the 

EV. Even when individuals within a household travel long distances or carry out a chain of 

activities and whose travel distance per day is more than the travel range of the electric 

vehicle, they could swap vehicles as per the trip characteristics, with the individual who takes 

a shorter trip to use electric vehicle. This study found out that perceived barrier for the use of 

electric vehicle which is travel range limit will not actually be an important barrier for the use 

of electric vehicle by a potential hybrid household in Belgium. This finding therefore 

suggests that if potential households are supplied with adequate information about electric 

vehicles, multi-vehicle households who buy new vehicles would consider owning at least one 

electric vehicle in their vehicle fleet if their prices are subsidized. 

 

The fact that fuel cost savings is the most important criterion when the importance of the 

criteria are considered in terms of meeting the goal shows that EV, which performs best with 

this criteria is a potential alternative to consider by households.  This holds true also for range 

anxiety (travel range related) and eco-friendliness, with ICE-vehicle performing worst when 

these criteria are used. These three characteristics are also very important tools to use in the 

debate over electric vehicles use. The fact that these characteristics make the EV (and PHEV) 

to dominate the ICE vehicle is a point to reckon with.  
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Even though when respondents were asked which electric vehicle they would prefer to use, 

43.75% preferred PHEV as opposed to 35.42% for HEV and to the greatest surprise only 

20.83% preferred EV; this could be attributed to the fact that when asked if they were 

informed about electric vehicles, only 30% of respondents said they were well-informed 

about electric vehicle, 38%, 30% and 2% said they had some information, had an idea and 

had no idea respectively in that order. The fact that the electric vehicles (EV first and PHEV 

second)  were found to be the best vehicle choice to swab with ICE (internal combustion 

engine) vehicle in the final analysis is a strong bonus point to be used in the debate over 

electric vehicles. Even if the perception of electric vehicle by household is blinded by 

perceived range anxiety, the advantages of using the PHEV would still overcome those of 

ICE-vehicle while maintaining some degree of advantages as far as reaching the goal of 

electric vehicle (reducing emissions and dependency on fossil fuel) is concerned. 

 

CONCLUSION AND RECOMMENDATIONS  

 

This study found out that a majority of households in Belgium could conveniently use 

(battery) electric vehicle, and the other portion of the population adopting the EV as a second 

vehicle choice in their fleet of vehicles. Therefore, with great technological breakthrough in 

battery technology, perceived barrier for the use of electric vehicle which is travel range limit 

will not actually be an important barrier for electric vehicle use by a potential hybrid 

household in the long run. This finding therefore suggests that if potential households are 

supplied with adequate information about electric vehicles with the advantages they have on 

fuel cost savings and emissions reduction multi-vehicle households who choose to own a new 

vehicle would consider owning at least one electric vehicle assuming that their prices are 

subsidized.  

 

Generally in the debate over the use of electric vehicles, potential households can be 

motivated to consider EV as their second vehicle choice in a short run assuming that their 

first choice was ICE vehicle. In the long run when battery technology is expected to be at its 

peak, electric vehicle would gain more popularity among households who have the slightest 

regards on cutting on their fuel cost savings and have concern for the environment.  
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What one can say here with confidence is that when vehicle characteristics are jointly 

considered for second vehicle choice for the household, fuel cost savings and emissions 

reduction are very important for the debate over electric vehicle use. 

 

In order to motivate the use of electric vehicles, households need to be provided with 

adequate information about electric vehicles and there is need to increase charging 

infrastructure in public parking spaces in Belgium beside government subsidies on the 

purchase costs. Companies, organizations and institutions should be encouraged to provide 

public charging stations in their parking infrastructure.  

 

LIMITATIONS AND FUTURE RESEARCH 

 

The responds rate for the questionnaire was low. Out of about 150 respondents contacted to 

answer the questionnaire, only 50 respondents finally answered. The reason for low responds 

rate as revealed by some people who did not answer the questionnaire was that they were not 

verse with the whole notion of electric vehicle. This made them to be reluctant to answer the 

questionnaire.  

 

 Any future research in the direction of electric vehicles to compliment this study should 

include more criteria and sub-criteria, and more vehicle alternatives in the AHP model. This 

would make the model to include a lot of detail characteristics of the various vehicle 

alternatives and behavioural aspects to be used in the pair-wise comparisons. For example, 

refueling or recharging time, fuel availability and top speed are some important 

characteristics that some households may be interested in when they make new vehicle 

purchase decisions. Finally, future research should examine the actual swapping behaviour 

that is manifested by households when they own ICE-vehicle and EV vehicle as reported by 

this study. It should show factors that determine which vehicle is used when, over what 

distance, to where and for what purpose. Driving and charging behaviour of individuals or 

household could also be investigated.  
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APPENDICES 

 

Appendix 1: Personal online questionnaire 

 

Top of Form 

Topic: Added advantage of Activity-based model in the debate on electric vehicle 

The aim of this survey is provide data to help us model how people decide to use which car 

for which trip type when the household has a gasoline car and an electric car or a hybrid car 

present at same time for a household with more than a licensed person to drive. This car swap 

modeling process is based on certain characteristics of the various vehicle options and 

behavioural factors of the household members. The swap process is assumed to take place 

when both vehicles are present at a given time for both (or more than two) household 

members. The usual barrier to own a full electric vehicle (battery operated only) is the 

distance it can travel with a fully charged battery. For this reason, plug-in hybrid cars (battery 

+ gasoline operation)are more accepted. This factor plays a role in the choice \ swap process 

this survey deals with. By gasoline fuelled cars, it is meant cars with normal internal 

combustion engines whether petrol or diesel fuelled. 

  

Start
 

 

  1. 

 

What is your sex? 

 

 

 

  

 

  2. 
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Are you married? 

 

 

 

  

 

  3. 

 

Are you employed? 

 

 

 

  

 

  4. 

 

What is your level of education? 

 

 

 

  

 

  5. 

 

How many members are there in your household? 

 

 

 

  

 

  6. 

 



38 
 

How many members of your household own a driver's license? 

 

 

 

  

 

  7. 

 

How many cars do you have in your household? 

 

 

 

  

 

  8. 

 

What is the average distance you travel per day by car? 

 

 

 

  

 

  9. 

 

Can you give the average distance (km) over which you travel to perform the following 

activities 

 

   0 to 40km  40 to 60km  60 to 80km  80 to 100km  Above 100km 

Work 
     

Shopping 
     

Bring/pick 

children from 
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school Visits 

Leisure 
     

Visits 
     

 

  

 

  10. 

 

Are you informed about electric vehicles? 

 

 

 

  

 

  11. 

 

If there is at least one car (gasoline car) in your household and you were given an option 

to own another vehicle which is an electric vehicle, which kind of electric vehicle will 

you prefer? 

 

 

 

  

 

  12. 

 

If both, the gasoline car and the electric (or hybrid) car were available to your 

household at a given time during the day, will you consider car swapping with your 

partner? 
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  13. 

 

If yes, what are the factors that influence your willingness to swab between cars? 

 

 

 

  

 

  

 

In the following section we would like to elicit your opinion as expert on transportation 

research. This section is made of pair-wise comparisons of certain criteria in terms of 

achieving the goal of getting the most favorable vehicle choice to swab with the 

conventional gasoline vehicle that is already present in the household. This will be done 

by applying weights from the Saaty’s scale of 1 to 9 to each criteria, for the weight that 

one criteria has over the other with respect to meeting the goal. In this case the inferior 

criteria is given a weight of 1 and the superior criteria any weight from 2 to 9 

accordingly. This will be applied also when applied weights to pairs of vehicle 

alternative in terms of meeting the various criteria. 

 

SAATY SCALE 

Numerical Values----------- Verbal Scale------------------------------ Explanation 

1 ---- -------------Equal importance of both elemen------------- Two elements contribute 

equally 

3 ----Moderate importance of one element over another ----- --Experience and judgment 

favour one element over another 

5 ----Strong importance of one element over another ---------- An element is strongly 

favoured 

7 ----Very strong importance of one element over another -----An element is very strongly 
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dominant 

9 ---- Extreme importance of one element over another ------- An element is favoured by at 

least an order of magnitude 

2,4,6,8 ---- ------------Intermediate values ---------- Used to compromise between two 

judgments  

 

  

 

  

 

Please apply weights to these pairs of criteria below in terms of meeting the goal of 

choosing the most suitable vehicle to swap with a gasoline vehicle.  

 

  

 

  14. 

 

For the following questions, please apply weights to the pairs of criteria below in terms 

of meeting the goal of choosing the most suitable vehicle to swap with gasoline vehicle. 

(NB: Inferior criteria should have a weight of 1, while superior criteria should have a 

weight from 2 to 9) 

 

   weights 

Eco-

friendliness 

(emissions 

reduction) 

  

Range anxiety 

(of driver) 

  

 

  

 

  15. 
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   weights 

Eco-

Friendliness 

(emissions 

reduction) 

  

Practical 

reasons 

(convenience) 

  

 

  

 

  16. 

 

   weights 

Eco-

friendliness 

(emissions 

reduction) 

  

Economic 

reasons (fuel 

cost savings) 

  

 

  

 

  17. 

 

   weights 

Eco-

friendliness 

(emissions 

reduction) 

  

Social reasons 
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(social image 

and status) 

 

  

 

  18. 

 

   weights 

Range anxiety 

(of driver) 

  

Practical 

reasons 

(convenience) 

  

 

  

 

  19. 

 

   weights 

Range anxiety 

(of driver) 

  

Economic 

reasons (fuel 

costs savings) 

  

 

  

 

  20. 

 

   weights 

Range anxiety 

(of driver) 

  

Social reasons 
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(social image 

and status) 

 

  

 

  21. 

 

   weights 

Practical 

reasons 

(convenience) 

  

Economic 

reasons (fuel 

costs savings) 

  

 

  

 

  22. 

 

   weights 

Practical 

reasons 

(convenience) 

  

Social reasons 

(social image 

and status) 

  

 

  

 

  23. 

 

   weights 

Economic 
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reasons (fuel 

costs savings)  

Social reasons 

(social image 

and status) 

  

 

  

 

  24. 

 

Please apply weights to the following vehicle alternatives in terms of Eco-friendliness 

abilities (From a driver point of view). (NB: Inferior vehicle should have weight of 1, 

while superior vehicle should have a weight from 2 to 9) 

 

   weights 

Gasoline 

(normal) 

vehicle 

  

Plug-in hybrid 

electric vehicle 

  

 

  

 

  25. 

 

   weights 

Gasoline 

(normal) 

vehicle 

  

Battery electric 

vehicle 
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  26. 

 

   weights 

Plug-in hybrid 

electric vehicle 

  

Battery electric 

vehicle 

  

 

  

 

  27. 

 

Please apply weights to these vehicle alternatives based on how you as a driver, perceive 

the importance of travel range \ range anxiety when deciding to swap cars for following 

ownership scenarios (NB: Inferior vehicle should have weight of 1, while superior 

vehicle should have a weight from 2 to 9) 

 

   weights 

Gasoline 

(normal) 

vehicle 

  

Plug-in hybrid 

electric vehicle 

  

 

  

 

  28. 

 

   weights 

Gasoline 

(normal) 

vehicle 
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Battery electric 

vehicle 

  

 

  

 

  29. 

 

   weights 

Plug-in hybrid 

electric vehicle 

  

Battery electric 

vehicle 

  

 

  

 

  30. 

 

Please apply weights to these pairs of vehicle alternatives in terms of practical reasons 

(convenience). (NB: Inferior vehicle should have weight of 1, while superior vehicle 

should have a weight from 2 to 9) 

 

   weights 

Gasoline 

(normal) 

vehicle 

  

Plug-in hybrid 

electric vehicle 

  

 

  

 

  31. 

 

   weights 
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Gasoline 

(normal) 

vehicle 

  

Battery electric 

vehicle 

  

 

  

 

  32. 

 

   weights 

Plug-in hybrid 

electric vehicle 

  

Battery electric 

vehicle 

  

 

  

 

  33. 

 

Please apply weights to these pairs of vehicle alternatives in terms of economic reasons 

(fuel cost savings). (NB: Inferior vehicle should have weight of 1, while superior vehicle 

should have a weight from 2 to 9) 

 

   weights 

Gasoline 

(normal) 

vehicle 

  

Plug-in hybrid 

vehicle 
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  34. 

 

   weight 

Gasoline 

(normal) 

vehicle 

  

Battery electric 

vehicle 

  

 

  

 

  35. 

 

   weight 

Plug-in hybrid 

electric vehicle 

  

Battery electric 

vehicle 

  

 

  

 

  36. 

 

Please apply weights to these pairs of vehicle alternatives in terms of social reasons 

(social image and status). (NB: Inferior vehicle should have weight of 1, while superior 

vehicle should have a weight from 2 to 9) 

 

   weights 

Gasoline 

(normal vehicle 

  

Plug-in hybrid 

electric vehicle 
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  37. 

 

   weights 

Gasoline 

(normal) 

vehicle 

  

Battery electric 

vehicle 

  

 

  

 

  38. 

 

   weights 

Plug-in hybrid 

electric vehicle 

  

Battery electric 

vehicle 

  

 

  

 

  39. 

 

What in your opinion do you think can be done by government to encourage the future 

use of electric vehicles? 
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  40. 

 

What do you think can be done to encourage car swapping between gasoline vehicle (for 

long distances) and electric vehicle (for short distances)? 

 

 

 

  

 

  41. 

 

Which other factors do you think is important for members of same household to 

perform car swapping? 

 

 

 

  

 

  42. 

 

What would be your reasons to own/use an electric vehicle (select all that apply)? 

Economic/fuel costs savings  

Environment /reduced emissions 

Technology 

Convenience and home charging advantage  



52 
 

Comfort 

Low noise level 

Fast acceleration rate 

Social status and image 

 

  

 

  43. 

 

Was the questionnaire understandable? 

 

 

 

  

Submit survey
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Appendix 2: Absolute weights applied to qualitative paired comparisons                                                                                                 

 

Intensity;of Importance                                  Definition      Explanation 

1 Equal Importance Two activities contribute 

equally to the objective 

2 Weak or slight  

3 Moderate importance Experience and judgement 

slightly favour one activity 

over another 

4 Moderate plus  

5 Strong importance Experience and judgement 

strongly favour one activity 

over another 

6 Strong plus  

7 Very strong or demonstrated 

importance 

An activity is favoured very 

strongly over another, its 

dominance demonstrated in 

practice 

8 Very, very strong  

9 Extreme importance The evidence favouring  one 

activity over another is of the 

highest possible order of 

affirmation 

Resiprocals of above If activity i has one of the  

above non-zero numbers  

assigned to it when  

compared with activity j,  

then j has the reciprocal  

value when compared   

with i 

A reasonable assumption 

   

(Source: Saaty, 2008, p. 86)     
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Appendix 3: The average consistencies of random matrices (RI values) 

 

Size 1 2 3 4 5 6 7 8 9 10 

RI 0.00 0.00 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49 

(Source: Saaty  2000, page 264) 

 

Detailed calculations 

 

Appendix 4: Matrix for Eco-friendliness 

 

Eco-friendliness 

Alternatives Status quo PHEV EV nth root of 

sum of 

products 

Eigenvector 

Status quo 1 ¼ 1/6 0.347 0.082 

PHEV 4 1 ¼ 1.000 0.236 

EV 6 4 1 2.884 0.682 

Total 11 5.250 1.417 4.231 1.000 

T*E 0.902 1.239 0.966   

Lamda max 3.1     

CI 0.05     

CR 0.08     
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Appendix 5: Matrix for Range Anxiety 

 

Range Anxiety 

Alternatives Status quo PHEV EV nth root of sum of 

products 

Eigenvector 

Status quo 1 1/3 1/4 0.437 0.117 

PHEV 3 1 1/3 1.000 0.268 

EV 4 3 1 2.289 0.614 

Total 8 4.333 1.583 3.726 1.000 

T*E 0.936 1.161 0.972   

Lamda max 3.069     

CI 0.03     

CR 0.058     
 

   

 

 

 

Appendix 6: Matrix for Convenience 

 

Convenience 

Alternatives Status quo PHEV EV nth root 

sum of 

products 

Eigenvector 

Status quo 1 1/3 4 1.101 0.291 

PHEV 3 1 4 2.289 0.604 

EV ¼ 1/4 1 0.397 0.105 

Total 4.3 1.6 8 3.787 1.000 

T*E 1.251 0.966 0.840   

CI 0.394     

CR 0.757     
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Appendix 7: Matrix for Social status and image 

 

Social status and image 

Alternatives Status quo PHEV EV nth root of 

sum of 

product 

Eigenvector 

Status quo 1 1/4 1/3 0.437 0.126 

PHEV 4 1 1 1.587 0.458 

EV 3 1 1 1.442 0.416 

Total 8 2.25 2.33 3.466 1.000 

T*E 1.008 1.031 0.969   

CI 0.233     

CR 0.448     

 

 

 

Appendix 8: Matrix for Fuel cost savings 

 

Fuel cost savings 

Alternatives Status quo PHEV EV nth root of 

sum of 

products 

Eigenvector 

Status quo 1 1/4 1/6 0.347 0.085 

PHEV 4 1 1/3 1.101 0.271 

EV 6 3 1 2.621 0.644 

Total 11 4.25 1.5 4.069 1.000 

T*E 0.935 1.152 0.966   

Lamda max. 3.053     

CI 0.027     

CR 0.05     
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Appendix 9: Matrix for criteria in terms of reaching the goal 

 

Criteria Eco-

friendliness 

Range 

Anxiety 

Convenience  

(Practical 

reasons) 

Fuel cost 

savings 

(Economic 

reasons) 

Social 

image 

and 

status 

nth 

root of 

sum of 

product 

Eigenvector 

Eco-

friendliness 

1 1/3 4 1/5 5 1.059 0.147 

Range 

Anxiety 

3 1 4 1/5 4 1.572 0.218 

Convenience 

(Practical 

reasons) 

¼ ¼ 1 1/5 3 0.519 0.073 

Fuel cost 

savings 

(Economic 

reasons) 

5 5 5 1 6 3.758 0.522 

Social image 

and status) 

1/5 ¼ 1/3 1/6 1 0.289 0.040 

Total 9.45 6.83 14.33 1.77 19 7.197 1.000 

T*E 1.389 1.489 1.046 0.924 0.760 5.608  

CI 0.152       

CR 0.136       
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