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Abstract 

Electric Vehicles (EVs) are considered a more sustainable alternative vehicle because of 

their efficient electric motor when compared to internal combustion engines (ICE), and 

thus help to mitigate environmental problems and reduce fossil fuel dependency. In or-

der to support drivers of plug-in hybrid electrical vehicles (PEVs), the installation and 

adequate distribution of Electric Vehicle Service Equipment (EVSE) is a major factor. 

The availability of EVSE is a vital requirement in order to charge the vehicle’s battery 

pack through connection to the electricity grid. This thesis evaluates the likely distribu-

tion of a sufficient number of charging stations, measured as the demand of EVSE, for 

initial deployment in the E14 highway. This highway is also known as the Green High-

way region, where a plan has been outlined with the aim to create a fleet of 15% EVs in 

the area by 2020. 

In order to model EVSE distribution, the first step was to complete a survey in 2012 on 

the population density and location of cities, along with the location of already estab-

lished charging station locations on the Green Highway. The survey was done with ge-

ography information survey (GIS) software. The second step was to create a map of the 

region. Based on the map, the initial estimate of EVSE locations on the Green Highway 

project plan was analyzed, as the third step. This was used as an initial analysis. The 

forth step was to use the location of current gasoline stations to provide as alternative 

pattern for the EVSE sites. 

It was observed that the network of gasoline stations correlates positively with 

population density. Through using these stations, the optimal location of the EVSEs was 

proposed. However, the model results do not provide for sufficient placement of EVSE 

sites where the population density is very low. In order to assess the different potential 

options, it was necessary to create analytical models in Arc-GIS, in which buffer zones 

were created with a variable size of 10, 15, 20 and 31 miles. This permitted allocation of a 

geographical area to estimate the optimum sites for charging stations. The results 
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showed that for a buffer zone of 10 miles, 28 charging stations were calculated, using 

buffer zone of 15 miles gives 18 stations, and a buffer zone of 20 miles results in 13 

charging station sites. Notably, the estimate of the 20-mile buffer zone gives the same 

results as for the 50 km (31 miles) buffer zone for residential areas along E14. Therefore, 

the results show that the optimal design is to deploy 14 fast charging stations with three-

phase DC, or 14 fast charging stations with three-phase AC, installed adjacent to the E14 

road. 

Keyword: alternative fuel vehicle, charging infrastructure deployment, gasoline 

stations, Green Highway, Electric Vehicle Service Equipment 
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1  Introduction 

Solutions to the issue of road vehicle pollution are important to study since the 

high amounts of fossil fuel use in transportation systems have caused a severe envi-

ronmental impact. Replacement with efficient fuels based on renewable energy in the 

road transportation sector is now seen as a potential strategy toward a sustainable 

solution to this impending environmental disaster. Electricity as a clean fuel for the 

future is proposed, provided it is generated from renewable resources, to supply 

Electric vehicles (EVs) in the transport system. Three cities in Sweden and Norway,  

Sundsvall, Östersund and Trondheim (SÖT) are working in collaboration with ener-

gy companies to explore the use of alternative fuels in their region. The Green High-

way is a project aimed at creating sustainable transport through a fossil fuel free cor-

ridor along the major E14 road around 450 km, from Sundsvall to Trondheim. This 

project includes investments in EVs, charging infrastructure, renewable fuels, testing 

and development, as well as building up business opportunities. This study region 

has the potential to pioneer and develop this technology, and potentially become a 

leader for this technology in Sweden, especially as the price of fossil fuels is much 

more than that of electricity. According to the Swedish Energy Agency (2009), Swe-

den has the potential to become a successful country with regards to the introduction 

of electric vehicles. Sweden would require a strong electrical system to cope with a 

greater use of electricity from EVs, and is understood that it can be adapted in time. 

What’s more, Swedish consumers and companies are already adapted to using elec-

tricity for vehicles in the form of engine heaters, required during the sub-zero winter 

months. Swedish electricity is furthermore generated with very low carbon dioxide 

emissions to the atmosphere. 

Of course, there is a need for much research and development the associated ac-

tivities, industrial establishments and technological developments that can connect 

the transport systems, as well as energy production in the Green highway region 
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(Lindfeldt et al., 2010). The pioneers of the Green Highway project have partnered 

with other actors who share the cities' ambitions and see the potential future econom-

ic growth of their businesses that would result from a focus on climate and environ-

mentally-friendly issues. The other key regional actors are energy and high-tech 

companies, Trondheim Airport Værnes, Åre-Östersund Airport, the region's colleges 

and universities as well as local and regional authorities (Ibid). 

 EVs are considered a more sustainable alternative due to their efficient electric 

motor and having no internal combustion engine. An increased electric vehicle fleet 

may decrease urban pollution based on airborne particles, NOx and ozone precur-

sors provided that the total traffic volume remains the same. The other significant 

benefit of an electric motor is that there are no tailpipe emissions that have a great 

impact on urban air quality. Efforts to reduce the greenhouse gas (GHG) emissions 

from road vehicles have been considered in many parts of the world. As the Green 

Highway region is one of the regions that has been a designated sponsor of electric 

vehicles, local EVs have received subsidies from related municipalities and local 

governments (Master plan Green Highway 2011-2020) 

The general vision of the Green Highway project is to reduce CO2 emissions 

from the transportation system since fossil fuel use in the transportation sector has a 

severe impact on the environment.  The narrower focus of this research is on alterna-

tive electrical fuel infrastructure development along the E14 highway in the Green 

Highway region. 

1.1 Background 

Previous research shows that there has long been a desire to change fuel forms 

to decrease environmental impact. The first source of human’s fuel was wood, which 

changed during industrialization, bringing about coal and its associated negative ef-

fect on the environment. Later, oil and natural gas were used in increasing amounts, 

and these are non-renewable fossil fuels with carbon and hydrocarbon sources. Since 
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fossil fuel use has a severe impact on the environment today, there is an increasing 

trend to switch to more renewable sources of energy such as non-fossil-fuel depend-

ent electricity. 

1.1.1 Fossil Fuel Use and Emissions of CO2 

Environmental research has shown that there is a global air quality issue due to 

high concentrations of fossil fuel use in the transportation system. These concerns 

have inspired scientists and policy makers to aim to create a new transportation net-

work along the Green Highway region. Despite electric fuel availability as a clean 

energy source, with advantages such as high energy conversion efficiency, low noise, 

zero tailpipe emissions, independent of fossil fuels, and many more (Roscher et al., 

2012), its use is still in a minority within the wider use of transport fuels. Today, 65% 

of global CO2 emissions come from energy use, with 21% from transportation due to 

its dependence on fossil fuels (Wang, 2009). Moreover, the emissions from transpor-

tation are expected to rise in the coming years, particularly in developing countries 

(Wang, 2009). For example, Bhatt (2010) highlights that between 1990 and 2007, CO2 

emissions from the transport sector increased by 26% (see Figure 1). 

 

Figure 1: CO2 emission by Sector EU 27. Source: Bhatt, 2010 
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1.1.2  Importance of Fuel Availability 

In order to prevent increasing high emissions, alternative -fuel vehicles (AFVs) 

are being considered. Melendez (2006) identified the following as four major barriers 

of infrastructure development: i) lack of availability of alternative fuel stations; ii) the 

high construction costs of alternative-fuel stations; iii) the high costs of alternative-

fuel; and iv) the relatively short range of AFVs between refueling. The high construc-

tion costs of alternative-fuel stations mean that drivers need to deviate from their 

ideal route for refueling their AFVs (Melandez, 2006, Kim, 2010). In the light-duty 

vehicle sector, vehicle fuel economy improvements are an effective means of address-

ing each of these challenges (Kim, 2010). Given future demand projection, alternative 

fuels such as liquid biofuels, synfuels, hydrogen and electricity must play a funda-

mental role in achieving future social, environmental and economic goals (Melaina, 

2008). Haller et al., (2007) conducted a survey of the economic costs and environmen-

tal impacts of the AFV fleet, and found that the adoption and use of AFVs is a solu-

tion to cut back energy use and decrease the environmental impacts of carbon-based 

vehicle emissions. According to Kim (2010), “one of the major barriers to the success 

of AFVs is the lack of infrastructure for producing, distributing, and delivering alter-

native fuels.” In order to deploy the electric charging stations, the following factors 

need to be considered: vehicle range limitations, types of charging, charging station 

prices, power supplies, types of charging infrastructure and technical specifications, 

and geographical locations. 
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Figure 2: Available EV in the market. Source: TEPCO, 2010 

1.1.3 Different Models on Refueling Patterns 

Petrol fuel stations can likely be assumed as whole or part of the pattern distri-

bution model for alternative fuel in road transportation. Therefore, the petrol fuel 

network can act as a model of distribution of charging stations. Of course, petrol sta-

tions and the EV charging infrastructure have many differences; however, the spatial 

distributions of the two networks are similarly determined by local refueling de-

mand as well as charging demands. Nicholas (2010) described that many models ex-

amining the transition from gasoline to an alternative fuel assume a demand pattern 

for fuel a priority in order to estimate potential demand for a future alternative fuel 

station. Melaina and Bremson (2010) outlined an improved national and regional 

perspective by estimating the following: (1) the number of gasoline stations serving 

urban areas and the number serving rural areas, and (2) a sufficient level of station 

coverage that meets the refueling needs of the general population in urban areas, 

while still allowing for some degree of retail competition. 

A study conducted by Kou et al., (2010) suggested an assignment method for 

charging stations where a potential charging demand was first forecasted by a popu-

lation and then each alternative charging station was weighed according to accessi-

bility, traffic flows and land costs. 
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The p-median and flow-refueling models are two models used to identify the 

optimal location of alternative-fuel stations. Kim and Kuby (2012) developed a 

mixed-integer linear programming model that optimizes the locations of fueling sta-

tions by considering the deviations that drivers are likely to make from their shortest 

paths due to the scarcity the refueling station network. Wang et al. (2009) applied the 

set cover model in order to find the location of road-vehicle refueling stations. They 

used the model to plan a network of refueling stations for the development AFVs. In 

their method, the vehicle range was crucial for determining the appropriate location 

and number of refueling stations. Liu (2012) used GIS mapping of Beijing in combi-

nation with parking lot statistics in order to investigate the EV charging infrastruc-

ture and evaluate the power grid impacts in Beijing. Based on the gas station map of 

Beijing, the author estimated the charge station infrastructure demands. Liu intro-

duced a theoretical model to realize the supply of the charging infrastructure de-

ployed through power transmission stations, community and parking distribution. 

From the power transmission stations, he decided to determine the fast charging lo-

cations by using the community distribution he had estimated, and finally through 

the parking distribution they estimated the workplace or public charging posts. 

A study conducted by Denholm et al., (2013) showed the co-benefits of large-

scale plug-in hybrid EVs, and  found that the plug-in hybrid electric vehicle (PHEVs) 

use has decreased in the cases when they were used during periods of off-peak elec-

tricity time. They investigated and compared the impacts of EV chargers on the grid 

regarding the charging time during the day. They argued that midday charging 

would increase the electricity demand on the grid. This might happen in places that 

are problematic to construct and produce the new generation of EVs and where in-

creased transmission capacity is required. 

Wang and Lin (2009) follow the concept of ‘set cover’ for proposing a refueling-

station-location model by using a mixed integer programming method, based on ve-

hicle-routing logics. They used the easy-to-obtain data of the origin-destination dis-
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tance matrix. They focus on the siting of refueling stations for achieving multiple 

origin-destination intercity travel via electric vehicles in Taiwan and thus demon-

strate the applicability of the model. Their sensitivity analysis shows that higher ve-

hicle range will result in a lower number of refueling stations (Wang and Lin, 2009). 

In China, the advisory service radius for urban refueling stations is 0.9–1.2 km 

and, in Beijing, the current refueling station service radius ranges from 0.95 km (ur-

ban districts) to 4.94 km across 18 administrative districts (Liu, 2012). With the devel-

opment of hydrogen fuel cell vehicles in North America in the early 2000s, the need 

for research on appropriate assignment strategies for hydrogen refueling stations 

arose. For instance, Ni et al., (2005) built a hydrogen station assignment model for the 

United States using population data, and applied a 5 km service radius to merge 

their estimated high demand geographical blocks. The study further evaluated the 

effects of various demand densities and buffer radii on the final distribution patterns. 

Liu estimates the charging demand of an early EV market in Beijing for the current 

refueling station service radius ranges of 0.95km (urban districts) to 4.94km across 18 

administrative districts (Liu, 2012). It is clear the radius range is tight in this scenario, 

since Beijing’s urban area has an extremely high population density. In the Green 

Highway area, population density in some parts is of extreme low density. 

Upchurch and Kuby (2010) compared the geographical distribution of charging 

infrastructure, the regional charging demand on fuel stations, existing population in 

the region, EVs traveled range, charging type potential, and potential placement ad-

jacent to the E14 as conditions in need to be identified. The variation of charging de-

mand is measured by the distribution of petrol refueling stations. 

1.2 Electric Vehicle Supply Equipment Technology 

The aim of this section is to provide technical terminology of charging stations 

to familiarize the reader with this equipment by identifying and describing the 

common features of options now are available on the market. While not all of the 
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terms that follow are used in this paper, a familiarity with all of them has the benefit 

of providing a more complete understanding of electric vehicles and the charging 

stations that serve them. Institute of the Electrical and Electronics Engineers (IEEE) in 

2011 have explained Electric Vehicles supply equipment Technology as following: 

Charging stations are the equipment that provides for the transfer of electricity 

energy between the electric utility power and the electric vehicle. This equipment is 

known as Electric Vehicle Supply Equipment and charging point. 

 

Figure 3: Example of an electric vehicle station. Source: IEEE, 2011 

Battery Electric Vehicle (BEV) – Vehicles that rely on a battery for their energy. 

They can either be plugged in to recharge or, in some cases, have their depleted bat-

tery exchanged for a charged one. BEVs do not have a fuel tank, tailpipe, or conven-

tional engine, or any on-board means of generating electricity, and typically have a 

range of somewhere between 60 and 100+ miles. 

Grid Enabled Vehicle (GEV) - Vehicles that can plug in to an external power 

source to recharge. GEVs include BEVs and PHEVs (see below). These vehicles all 

use electricity to provide at least some of their power and also typically incorporate 

regenerative braking to recharge the battery with captured energy. 

Plug-in Hybrid-Electric Vehicle (PHEV) - Vehicles that have two energy systems. 

In some PHEVs, the main power source is electricity supplied by a battery, with a 

gasoline engine working to generate additional electricity when the battery is deplet-
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ed. These PHEVs typically have a battery only range of 25-50 miles, with an addi-

tional range of hundreds of miles using gasoline-generated electricity. Other PHEVs 

use a conventional gasoline engine as the primary power source, supplemented by a 

battery that can be recharged by the power grid. These hybrids typically have a pure 

EV range of 10-15 miles, with extended hybrid driving range of hundreds of miles 

using gasoline. 

Hybrid-Electric Vehicle (HEV) - Rely on two or more energy systems, most often 

a battery and a conventional engine. In HEVs, regenerative braking creates electricity 

to charge a battery, providing a secondary source of power for the vehicle in addition 

to the conventional engine. These vehicles can only travel a short distance (3-4 miles) 

on pure battery power and do not plug in to an electricity source. 

Internal Combustion Engine (ICE) - The Internal Combustion Engine Vehicle, or 

ICE, runs on liquid fuels such as gasoline, diesel, ethanol, or biodiesel. The vast ma-

jority of vehicles on the road today employ an internal combustion engine. 

Electric Vehicle Supply Equipment (EVSE) - Refers to charging stations and other 

fixtures outside of the EV that provide the electricity required to charge the vehicle’s 

batteries. EVSE are the “gas pumps” of electric vehicles, source: (IEEE, 2011). 

1.2.1 Electricity: The durable fuel of the future 

Electricity is defined as a form of energy resulting from the existence of charged par-

ticles (such as electrons or protons), statically as an accumulation of charge or dy-

namically as a current. The hope that electricity will become the future road fuel ve-

hicles is likely provided that the government, as a major actor, can play a notable role 

in the distribution and management toward an appropriate direction away from fos-

sil-fuel reliance. Regarding the theory of technology assessment methods, Dose 

(2008) presents the technological trajectory in change to a new technology. Dose be-

lieves technological trajectory will persist if there is sustained support on several 

fronts, including political support, continued technological innovation and im-
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provement, a tangible sense of economic viability, and widespread public ac-

ceptance. In theory, technology assessment methods can provide valuable insights 

into the types of technologies (or technological trajectories) that have the greatest ca-

pacity to improve public welfare, and thereby influence both political support and 

public acceptance through sound techno-economic analyses (Melaina, 2008). A varie-

ty of research projects have assessed the performance of electricity infrastructure and 

vehicle technologies. However, research on low population distribution and long in-

terstate roads between countries involving population density is more limited. The 

present analysis places EV infrastructure technologies into this broader context, pri-

marily through the use of scenario analysis, and draws upon and integrates results 

from previous technology, petrol, and assessment studies. In addition to drawing 

upon other studies, this analysis relies upon an original assessment of the potential 

structuring of electrical station networks. A brief review of electricity assessment 

studies is presented before discussing the unique contributions of the present re-

search. 

1.3 Comparison between DC and AC charging 

Fast charging stations are designed to be situated adjacent to highways. The 

Tokyo Electric Power Company (TEPCO, 2010) is an example of a pioneering admin-

istrative department which has deployed a fast charging station named CHAdeMO. 

TEPCO (2010) presented different features of two types of charging station, such as 

level of voltage demand, which is at a high level for quick DC charging, and in pri-

vate parking, with a voltage level that can supply AC charging to a level of about 200 

V. Here, and  address the differences in type of charging station, with reference to 

determination of location type, aim of use and price difference. 
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However fast charging attracts EV users as it replicates the ease of conventional 

refueling (Schroeder, 2012). the fast charging models have various added benefits, 

such as increased safety for EV-users’ fear that the battery power is limited, efficient 

charging solutions for public fleet operators, inter-city travelling and potential appli-

cation to heavy vehicles (buses and trucks) (Spante, 2011). Fast charging is presented 

as a major tool to decrease concern about the EV range anxiety problem given its 

shorter charging time which makes it possible to drive longer distances. The EV fast 

charger makes it possible to fully charge the battery within 30 minutes, instead of 

several hours, a change which is brought about by the chemistry of the battery and 

the charging system. However, since the electrical grid uses AC voltage, this must 

first be transformed to DC in order to send it to the EV’s battery pack. 

AC fast charging is offered as a flexible charging system that can work with any 

charge rate from 3kw, which constitutes sources from normal power outlets to 43 kW 

three phase AC fast chargers (TEPCO, 2010). Technical solutions for AC charging for 

light vehicles are expected to be limited to max 63A (43 kW, three phase) depending 

on the choice of standardized connector solutions for the vehicle. At the moment, 

there are only few models of light vehicles with three-phase AC charging solutions 

on the market, as most of the commercially available light vehicles were initially con-

structed for single-phase AC charging (in some cases combined with DC-charging 

 Figure 4: Differences between EVs 

AC/DC charging. Source: TEPCO 2010 

Figure 5: Differences in charge station 

capacities and costs. Source: TEPCO 2010 
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options). According to literature, the current commercial power transfer to the EV Li-

Ion batteries is limited to 50 kW, and thus charging with high specification (high 

power) units will reduce the battery life-time. 

1.3.1 Electric vehicle technology charging infrastructure 

The Society of Automotive Engineers (SEA) defined the charging station electric 

vehicle service equipment (EVSE) as a smart connector which connects the vehicle to 

the grid, and also includes mandatory control and protection features required by 

SAE and UL ,which focus on quality, as well as safer and more sustainable stand-

ards. 

Figure 6 illustrates the performance of charging at Levels 1, 2 and 3. In a charg-

ing system of EVs during the charging process, AC power from the grid is converted 

to DC power at a suitable voltage for charging the EV battery. The charging system 

in Level 1 and Level 2 are controlled in the vehicle, on the other hand, the Level 3 

charging system functions are split between the charging station and the vehicle's on 

board charger. (www.mpoweruk.com/infrastracture.htm)woodbank communica-

tions Ltd, (2005) 

 

 

http://www.eu-un.europa.eu 

Figure 6: Charging Level 1, 2 and 3. Source: woodbank communications Ltd, (2005) 

http://www.mpoweruk.com/infrastracture.htm)woodbank
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Since EVs are designed to be recharged through connecting to the electrical 

power grid, to charge these vehicles it is required to use the specific equipment locat-

ed at a charging station. The Society of Automotive Engineers (SEA) defined two 

classes of AC levels for charging methods of conductive style connectors. In addition, 

a third method for fast DC and AC charging stations are growing in popularity. This 

inductor device under J1772 Level 1 and Level 2 makes a direct connection interface 

between the vehicle battery chargers and a fixed power distribution system (IEEE, 

2011). 

Different types of charging station exist, and are categorized by their charging 

time, amount of outlet voltage, AC or DC voltage type, amounts and type of current, 

kW power delivery, on- board or off-board charge levels and AC fast charging. 

Charge “level 1” on- board takes a long time to complete a charge, usually between 

11-20 hours, while charge “level 2” is available with both on-board and off-board 

ability, and is offered for use at home. When EV users connect with this type, it nor-

mally takes between 3 and 8 hours. This level charge mode is AC charging. The third 

option is charge “level 3” which uses a high amount of voltage and current in the DC 

form, and also includes three phases. Since the charging time is around 30 minutes, it 

is best used at a public charging station, such as those servicing road service fleets 

(SAE, IEEE terminology). 

The DC fast charging station type is one of the more popular options due to its 

fast charging time. The issue of ‘range anxiety’ related to EVs is a challenge which 

has been reduced by the arrival of fast charging AC and DC stations. Of course the 

advent of hybrid electric vehicles (HEVs) and plug in hybrids (PHEVs) in the trans-

portation fleet has created another alternative to help the large penetration of EVs in 

the market. Hybrid electric vehicles (HEV) are vehicles whose drivetrain includes an 

engine and a battery-motor combination, and so are vehicles that can work as normal 

hybrids, but also as electric vehicles for a limited range using electricity from the grid 

(when designed for this purpose) (Mosquera, 2007). 
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A plug-in hybrid vehicle (PHEV) is a HEV with plug-in capabilities, meaning 

that the battery can be charged with electricity from the electricity grid. The battery-

motor can even provide power to run on electricity only for a certain range deter-

mined by the capacity of the installed battery. 

Despite improvements in the battery capacities, allowing alleviation of the 

range anxiety due to the storage of more energy, charging time and the associated 

infrastructure remains a considerable factor in this technology. To quickly charge a 

battery in as short a time as filling up a petrol engine, vehicles require a high amount 

of power delivery from a reliable power supply in a short time. A fully charged bat-

tery with about 20 kWh can provide an EV with enough driving power for a distance 

of 100 km (Society of Automotive Engineers (SAE) terminology) 

An AC charging charger-unit is the most normal charging style found today in 

Sweden. Commonly, AC charging chargers provide one phase at 230 V with 10 and 

16 A used.  

1.4 Goals and Objective 

This thesis is a study on the Green Highway region to”Find the optimum num-

ber of EV charging stations” in an early stage of EV deployment in the E14 road, 

since fuel types and vehicle technologies are seen as the possible sustainable tools in 

the transportation system. 

The purpose of this study is to assess sufficient locations for the replacement of 

gas stations with charging stations. In order to achieve this purpose, this paper has 

the following objectives:  

 Map the existing gasoline station pattern 

 Calculate the size of the population in the area 
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 Measure the driving time to the nearest station from origin or destina-

tion during rush hour 

 Map the existing EVSE pattern 

 The optimum number of charging stations 

2 Methods 

2.1 Collection of data 

This study is quantitative, with data collected from literature reviews, statistical 

data from the transport department or transport agency administration, Google 

Earth survey on refueling locations in the Green Highway region, using data from 

the plan of the project report named “Master plan Green Highway”, a plan of the 

project from Östersund municipality, inquest AB rapport 2010, scientific articles, 

journals and the internet, communication methods which include: the project man-

ager in Östersund, who gave the specific of charging station and vehicle models in 

the region. 

As the project manager explained, in Sweden there are 230 V systems with both 

10 and 16 amp fuses extensively available for the potential charging of electric vehi-

cles, even as seen from an international perspective. He explained the possibility of 

charging exists in many cases - everywhere from private houses to public car parks 

and housing co-operatives and the like, as well as the opportunities to charge on 

business premises where vehicles may be expected to spend long periods. The pro-

ject manager and the person involved in the project evaluated the huge amounts of 

renewable energy data available, such as biomass, wind and hydropower, and found 

that the Green Highway region has the potential to be a source of a higher amount of 

electricity. Furthermore, some parts of the data have been collected using the videos, 

images, texts, and observations as this work is in its initial stage. 
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In this proposed work, EVSEs situated along the Green Highway region would 

be deployed regarding the power capacity in DC size for one single charge, in busi-

ness and governmental institution’s public parking areas, parking lots which are sit-

uated adjacent the E14 road. Since the charging method is an important aspect of an 

EV charging station, in size and space, considering which technology to use is an im-

portant milestone (turning point) in their siting. These station manufacturers agreed 

upon a number of standard and optional features. For this reason, considering their 

application and standards is very important. According to the data, the Green High-

way region has low-population density cities that have long commuting distances 

between them. There is thus an opportunity to use locally abundant renewable ener-

gy to make fossil fuel free cars that may help to solve the significant challenge of re-

ducing CO2 emissions in the region.  

2.2 Study of Green Highway Area through main focus on the E14 Road 

Sweden has recently started analyzing the consequences of the EV market, and 

is making a plan for a fossil-fuel-independent vehicle fleet. The regional scope in-

cludes the east end of Sundsvall in Sweden to the west end of Trondheim in Norway. 

The Green Highway project includes the E14, with a length of 461 km (286 mi). The 

cities along the E14 include Sundsvall, Vattjom matfors, Stöde, Borgsjön, Bräcke, 

Gällö, Östersund, Krokom, Mörsil, Åre, Järpen Åre, Duved, and Storlien in Sweden, 

and in Norway: Meråker Hager Gad, Söjrdadel and Trondheim are considered. The 

plan aims toward a fossil fuel-free transport corridor across mid-Scandinavia by 2020 

through use of efficient fuel in transportation in conjunction with a low-carbon econ-

omy (Master plan Green Highway 2011-2020). It is important to note that this study 

focuses only on the major road and does not include intra-city transport deployment. 

The list of current charging station locations is provided in Table 1.  
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Table 1: Number, type and location of charging station. Source: Google earth, 2012 and upplad-

ning.nu 

Name of Charger stations 

Type of 

Charge station 
North East 

Charging site BTEA in Åsarna, Green Highway Smart AC+DC 6946325,47 467814,81 

Charging site Frendo-Statoil Myrviken/Green Highway AC 6985630,7 466574,54 

Charging site ICA Vallacentrum/Green Highway Smart AC 7004469,03 478132,15 

Charging site Jämtkraft/Turistbyrån/Green Highway Smart AC 7005445,09 481860,26 

Charging site Jämtkraft/Green Highway Smart AC 7005980,26 481798,68 

Charging site Jämtkraft/ABB/Chargestorm/Green 

Highway 
Smart AC 7006007,37 481773,06 

Charging site Östersunds sjukhus, Green Highway Smart AC 7006015,24 481740,63 

Charging site Jamtli/Green Highway AC 7006467,22 481830,81 

Charging site Vindkraftcentrum/Green Highway AC 7050796,99 517485,83 

Charging site Häggenås/Green Highway AC 7029153,61 495224,64 

Charging site Åre Östersund Airport/Green Highway Smart AC 7007792,21 474715,69 

Charging site Jämtkraft/Krokom/Green Highway Smart AC 7022364,59 471417,19 

Charging site Krokoms kommun/Green Highway AC 7022056,18 472408,01 

Charging site Trångsviken/Green Highway Smart AC+DC 7022889,7 472377,06 

Charging site Åre kommun/Green Highway AC 7024959,97 423236,01 

Charging site Norrmontage/Green Highway AC 7026205,95 421945,79 

Charging site ICA Strandbergs/Green Highway Smart AC 7021894,82 411825,03 

Charging site Jämtkraft/Åre/Green Highway Smart AC+DC 7031286,73 404048,3 
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Charging site Jämtkraft/EV-power/Green Highway 

CHAdeMO i Storlien 
Smart AC+DC 7023317,95 355125,14 

Charging site Trondheim lufthavn, Værnes/Green 

Highway 
Smart AC+DC 7037612,65 595604,27 

Charging site Bilbolaget/Green Highway Smart AC 7004611,81 483801,82 

Charging site ICA Blåcenter/Green Highway AC 7004544,24 483115,39 

Charging site Jämtkraft CHAdeMO Lillänge/Green 

Highway 
DC 7005258,06 484553,18 

Charging site Lillänge köpcentrum/Green Highway Smart AC 7005173,11 484609,36 

Charging site Shell Brunflo/Green Highway AC 6993966,65 491733,48 

Charging site Gällö/Green Highway Smart AC+DC 6976068,52 511904,2 

Charging site Bräcke/Green Highway AC 6957819,05 521351,07 

Charging site Borgsjö/Green Highway AC 6934356,94 547317,81 

Charging site Sundsvall Energi/Green Highway 
Smart AC+DC 

*3 
6919991,15 619498,95 

Charging site Tågstation Kramfors - Sollefteå Flygplats AC 6994430,89 638688,9 

Laddplats Arctura/Green Highway Smart AC 7006762,04 482954,36 

 Charging site ICA Maxi/Green Highway Smart AC 7007049,41 482433,75 

Charging site Trondheim lufthavn, Værnes/Green 

Highway 
AC+DC 7037612,65 595604,27 

 

To clarify Table 1, an EVSE location may consist of various charging stations 

types. In the first instance, this work provides population density and gasoline sta-

tion maps with the help of GIS data. Table 2 includes types of fuel used at the end of 
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year 2011 by passenger cars in the Jämtland and Västernorrland county. This table 

demonstrates that the most commonly used fuel is gasoline. 

Table 2: Personal car fuel use in transportation in the related counties at the end 

of 2011. Source: Sweden Transportation administration 2011, SCB 

Municipal

ity code 
Municipality Petrol Diesel 

Electri

city 

Ethanol/ 

hybrids 

Electric 

hybrids  
Gas 

Other

s 
Total 

 Green 

vehicle 

 
Västernorrland

s län 
98 940 22 493 6 5 290 181 211 4 

127 

125 
9 817 

2303 RAGUNDA 2 563 708 0 55 1 1 0 3 328 98 

2305 BRÄCKE 3 030 742 0 77 4 1 0 3 854 146 

2309 KROKOM 6 358 1 686 1 178 15 31 0 8 269 345 

2313 STRÖMSUND 5 619 1 361 0 83 3 2 1 7 069 178 

2321 ÅRE 4 434 1 239 2 118 11 1 0 5 805 232 

2326 BERG 3 353 880 0 59 1 2 0 4 295 127 

2361 HÄRJEDALEN 5 084 1 179 0 109 6 2 0 6 380 201 

2380 ÖSTERSUND 22 997 4 963 9 1 100 82 202 4 29 357 2 070 

 Jämtlands län 53 438 12 758 12 1 779 123 242 5 68 357 3 397 

2401 
NORDMALIN

G 
2 928 790 0 103 5 0 0 3 826 213 

2403 BJURHOLM 1 031 297 0 29 1 0 0 1 358 61 

2404 VINDELN 2 291 662 0 63 4 1 0 3 021 117 

2409 ROBERTSFORS 2 823 740 0 115 8 0 0 3 686 207 

2417 NORSJÖ 1 726 689 0 44 0 0 0 2 459 93 
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2418 MALÅ 1 226 586 0 37 0 0 0 1 849 68 

2421 STORUMAN 2 737 813 0 50 1 0 0 3 601 102 

2422 SORSELE 1 076 389 0 20 0 0 0 1 485 37 

2425 DOROTEA 1 344 284 0 19 1 0 0 1 648 44 

2460 VÄNNÄS 3 497 809 0 150 7 0 0 4 463 240 

2462 VILHELMINA 2 926 1 022 0 71 1 0 0 4 020 121 

2463 ÅSELE 1 290 360 0 33 0 0 0 1 683 59 

2480 UMEÅ 37 663 8 145 2 2 593 158 15 1 48 577 4 574 

2481 LYCKSELE 5 333 1 625 1 221 26 2 0 7 208 508 

2482 SKELLEFTEÅ 28 631 6 152 0 1 177 46 137 0 36 143 2 169 

24AA 
OKÄND 

KOMMUN 
1 0 0 0 0 0 0 1 0 

 

 

2.3 Models 

2.3.1 Existing Gasoline Station Pattern 

This study is focussed on the Green Highway area, and considers the deploy-

ment of potential sites for electrical charging stations adjacent to the existing gasoline 

stations along the E14 road (see Figure 7). The longitude and latitude of each gas sta-

tion location was obtained from Google Earth, Table 3, and these points were com-

piled in a GIS program to obtain the map of their points on E14 road (see Figure 7). 

Table 3: Location of all gas stations along the E14 according to the number of 

gas stations along the E14 road. Source search by Google Earth, 2012 
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Gas station North East 

Preem, Fridhemsgatan, Sundsvall  6919189,55 619653,96 

OKQ8 nära Bultgatan, Sundsvall, Sverige 6919370,73 619332,58 

Statoil 95, 98, Diesel på Bergsgatan 47, Sundsvall 6919410,95 618702,31 

Tanka 95, diesel, etanol på Bultgatan 1, Sundsvall 6919670,21 617711,16 

OKQ8 95, diesel, etanol på Östra Långgatan 11, Sundsvall 6919934,93 617225,54 

Jet 95, diesel, etanol på Bultgatan 26, Sundsvall 6919996,45 617178,78 

Shell nära Bergsgatan, Sundsvall, Sverige 616948,53 6920100,4 

Statoil på Vattjom Matfors 6916466,7 605252,31 

Statoil 1-2-3 på Stödevägen Stöde 6921734,39 581835 

Shell nära Fränsta, Sverige 6930497,14 560669,93 

Statoil nära Borgsjön, 6934377,94 547306,26 

Qstar på Riksvägen 47 / E14 Bräcke  6957455,89 521532,93 

OKQ8 på Riksvägen, Bräcke 6958421,1 521214,88 

OKQ8 på Gällö, Bräcke 6976352,72 512949,32 

Shell på Brunflo, Östersund E14 6993941,44 491709,32 

OKQ8 på Brunflo, Östersund E14 6994942,38 490807,39 

Jet på Hagvägen Östersund 7005282,26 484530,56 

OKQ8 95, diesel etanol på Föllingevägen 2, Krokom 7022312,57 471540,94 

Statoil på Ytterån Nälden, Krokom 7019414,99 473497,5 

OKQ8 Åsanvägen 25 Mörsil, Åre 7020847,64 434010,03 

Shell, Statoil PÅ Atlantvägen 4 Järpen, Åre 7024709,03 423610,47 
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OKQ8 Skansvägen 1 Järpen, Åre 7025084,03 422976,23 

Preem Björnänge, Åre 7029123,83 407596,14 

OKQ895, på Slalomsvängen 1 7031948,67 403803,88 

Statoil Nära Hamrevägen, Duved, Sverige 7031029,63 395954 

Överiga VINTERGATAN 20, Storlien, Sverige 7023900,06 355173,96 

 

The goal is to place the potential charging station sites adjacent to existing gas 

station points and create a map by using the GIS program to compare with charge 

station maps in the Green Highway area. In addition, if there is a long distance be-

tween two adjacent gas stations, the following alternatives have been considered by 

dividing the deployment of more chargers into two groups. The first one is for popu-

lated areas such as villages, rest stops or a city that has potential sites for charge sta-

tions. The second one is a new location that is dependent on a factor like the distance 

from grid networks. 

Some studies have characterized a necessary level of refueling availability in 

terms of the percentage of existing gasoline stations in a given area (Melaina, 2008). 

Determining locations in the cities, regarding to theirs cities infrastructures’ and 

populated areas where are more commuting areas, along E14 road for recharging 

EVs has seen an environmental strategy suited charging stations.  

  

Figure 7: The pattern of gas stations adjacent E14 road in blue circles 
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2.3.2 Application of the size of the population in the study area 

Given the E14 is a major road, the population size in the Green Highway area 

was evaluated in order to estimate the desired location of stations, which could be 

adjacent residential areas. Latitude and longitude of each gas station was obtained 

from Google Earth. Through constructing an excel spreadsheet and compiling the 

data into a GIS program, each station was allocated a location on the map both in 

Sweden and Norway along the E14 road. For the next step, the population of each 

city was entered into the GIS program as well. By combining these two data maps, 

the relationship between fuel stations and population areas was assessed. The rela-

tionship between fuel station and size of population  gives us clues to estimate the 

demand for the number of charge stations. In this model, two different sets of data 

were used to find the appropriate location for electrical recharge station sites. The 

first dataset was the population of the cities adjacent to the E14, as displayed in Table 

4. The table observes a 20 year population history of the target cities   in Sweden 

(Sundsvall, Vattjom matfors, Stöde, Borgsjön, Bräcke, Gällö, Östersund, Krokom, 

Mörsil, Åre, Järpen, Duved, Storlien).  

Table 4: Population of the Green Highway area. Source: trueknowledge.com, 2012 

Name Status 

Population Data 

1990-12-31 1995-12-31 2000-12-31 2005-12-31 2010-12-31 

Matfors Locality 3,638 3,310 3,270 3,239 3,201 

Stöde Locality ... 610 573 543 572 

Sundsvall Locality 50,378 49,023 48,695 49,344 50,712 

Vattjom Locality ... 534 518 499 477 

Ånge Locality 3,387 3,301 3,057 2,956 2,872 

Fränsta Locality 1,403 1,435 1,320 1,243 1,256 

javascript:sort('ts',0,false,0)
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Ljungaverk Locality 1,157 1,070 942 917 885 

Bräcke Locality 1,976 1,836 1,697 1,566 1,651 

Gällö Locality 1,041 958 786 758 725 

Pilgrimstad Locality 493 465 440 405 386 

Östersund Locality 42,855 44,390 43,536 43,796 44,327 

Brunflo Locality 4,216 4,286 3,935 3,916 3,890 

Bräcke Municipality 8,739 8,333 7,577 7,192 6,885 

Krokom Municipality 14,373 14,716 14,154 14,130 14,535 

Ås Locality 1,107 1,143 1,104 1,097 1,218 

Dvärsätt Locality 222 307 415 437 461 

Krokom Locality 2,235 2,297 2,075 2,087 2,277 

Ytterån Locality 250 221 202 203 204 

Trångsviken Locality 322 292 272 269 288 

Åre Municipality 9,975 10,134 9,745 9,966 10,274 

Åre Locality 816 1,078 1,019 1,260 1,417 

Järpen Locality 1,735 1,645 1,449 1,439 1,408 

Mörsil Locality 799 781 713 674 686 

Undersåker Locality 303 369 380 384 438 

Duved Locality 553 550 559 637 663 

 

The population density (see Table 5 and Table 6) over the area was then used to 

find the most appropriate locations for electrical recharge sites. The important point 

to consider is that only locations within a diameter of 100 km of the E14 were taken 

javascript:sym('7552')
javascript:sym('7816')
javascript:sym('7844')
javascript:sym('7944')
javascript:sym('8044')
javascript:sym('7812')
javascript:symArea('2305')
javascript:symArea('2309')
javascript:sym('8028')
javascript:sym('7824')
javascript:sym('7888')
javascript:sym('8016')
javascript:sym('7988')
javascript:symArea('2321')
javascript:sym('8024')
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in to consideration, since the sites must be distributed within a reasonable distance 

from the E14. 

Table 5: Area density for main municipalities. Source: google.se, 2012 

Municipality Area sq.km 
Density inh./sq.km 

(2010) 
Change (2005 → 2010) 

Bräke 3,428.89 2 -1.87% 

Östersund 2,220.5 26.8 +0.34% 

Sundsvall 3,208.7 29.8 +0.36% 

Krokom 6,218.22 2.3 +0.57%/ 

Åre 7,262.75 1.4 +0.61%/ 

 

Table 6: Area density for some of the Norwegian cities. Source: google.se.2012 

Popula-

tion 

Area 

sq.km 

Density 

inh./sq.km 
County Municipality 

168,988 342,2 472,6 Sør-Trøndelag Trondheim 

21,034 937,9 21,6 Nord-Trøndelag Stjørdal 

 

Table 7: Price per recharge station, 

Electric vehi-

cle range 

Number 

of recharge sta-

tions 

Cost of slow AC and quick DC charging station per $ 

50 42 42*50=2,100 normal AC,  42*25,000= 1,050,000 quick DC 

100 22 22*50=1,100 normal AC, 22*25000=550,000 quick DC 

150 14 14*50=700 normal AC,  14*2500= 350,000 quick DC  

200 11 11*50=550 normal AC, 11*25000=275,000 quick DC 
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250 8 8*50=400 normal AC, 8*25000=200,000 quick DC 

300 7 7*50=350 normal AC, 7*25000=175,000 quick DC 

 

The second set of data employed were the gasoline station locations near the 

E14. The current gasoline station network pattern could help us the most as the sta-

tions may mimic the network of future electrical recharge stations, and thus fit well 

with the aim of this study, especially as it is likely that electric cars will make up the 

majority of Sweden’s traffic in the future. 

Using the aforementioned data, and combined a third approach, put forth by 

Melaina and Bremson (2008), the siting of the stations place along the current net-

work pattern was optimized. The Melaina approach recommends siting distances of 

10, 15 and 20 miles for an electrical recharge station. The outcome shows that there is 

a direct relationship between the pattern of gasoline stations locations and the popu-

lation density pattern, (see Figure 9). 

 

Figure 8: Insufficient station coverage where population density is low 
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Figure 9: The population density of the E14 region, the blue circles show the populated cities’ 

density 

2.3.3 Measuring the driving time to the nearest station from origin or destination 

during rush hour 

Population density is one of the key indicators for the adequate location of re-

charging stations. Using the commuting route as the adequate pointer, and in this 

case the density of population has also been considered. The efficiency of an electri-

cal recharge network is evaluated by measuring the driving time to the nearest sta-

tion from the origin or destination during the 6:30AM - 7:30AM rush hour. At this 

time, the majority of trips are assumed to be commuting trips with the origin being 

homes and the destination as the place of work. Even though people do not usually 

refuel at this time of the morning, using this time period helps establish where the 

commuters live and work. Refueling could in fact occur at any time of day. One im-

portant reason that the origin-destination data for commuters is being used is the 

lack of any other such detailed origin-destination information of fuel cell vehicle 

commuters. 



 

28 

In this model, two different sets of data were used to find the appropriate loca-

tion for electrical station siting. The first was the population of the villages near the 

E14 (Sundsvall, Vattjom, Matfors, Stöde, Borgsjön, Bräcke, Gällö, Östersund, Kro-

kom, Mörsil, Åre, Järpen Åre, Duved, Storlien in Sweden) and the population density 

over an area that was used to find the most appropriate locations for electrical re-

charge sites. The important point to consider is that since we need to site the stations 

on the E14 highway or adjacent to the highway, only cities and villages within a di-

ameter of 100 km of the E14 were taken into consideration. 

The second set of data employed were the gasoline station locations near the 

E14. The current gasoline station network pattern could help us the most as these sta-

tions may mimic the network of future electrical recharge stations, and thus fit well 

with the aim of this study, especially as it is likely that electric cars will make up the 

majority of Sweden’s traffic in the future. 

Using the aforementioned data, and combined with a third approach put forth 

by Melaina and Bremson (2008), the siting of the stations placed along network was 

optimized. The Melaina approach recommends a siting distance of 10- 20 miles for an 

electrical recharge station to assess the different potential options. An analytical 

model in the GIS program was made, where buffer zones were created with a varia-

ble size of 10, 15, 20 and 31 miles. This permitted allocation of a geographical area to 

estimate the optimum sites for charging stations. For one station per 10 square miles, 

28 charging stations were calculated. Employing a buffer zone of 15 miles results in 

18 stations, and a buffer zone of 20 miles results in 14 charging station sites. Most 

importantly, the station site estimate for the 20-mile buffer zone provides the same 

outcome as for the 50 km (31 mile) buffer zone for residential areas along the E14. Fi-

nally, the results show that the optimal design is to deploy 13 fast charging stations 

with the three phase DC system or 13 fast charging stations with the three phases AC 

system, adjacent to the E14 road.the current  
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 Flowchart process and Buffer zone approach 

To evaluate the likely site demand several input parameters are required. These 

include: electrical security such as accessible power supply, also mechanical matters 

such as type of location, and environmental conditions such as freezing protection 

(see Table 8). Furthermore, economic parameters and policy for the possible location 

site helps the designer to make a more adequate deployment station. In relation to 

the above criteria, Sundsvall was chosen as the first residential area. In the 50 km 

buffer zone for all residential areas, the potential sites were evaluated according to a 

criteria score. Maximum score, commute route and public parking availability are all 

taken into consideration when choosing the optimum location. 

Table 8: Electrical, mechanical, environmental factors for installation. 

 Source TEPCO 2010 

Installation of EVSE Power Supply Safe Solutions 

Electrical 

16 or 32 Amp 

250 V single phase maximum charge preference 0f 7.4 KW 

High voltage insulation protection 

Power cable 2.5 mm2 (16 A) or 4 mm2 (32 A) 

signal cable 0.75 mm2 

Mechanical 

Mating and un-mating force 40N at initial 

>10,000 mating cycles mating and un-mating force 80N after 10,000 cycles 

Plug/socket pull out force 200N mini 
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Environmental 

Ambient temperature – 40 ºC + 85 ºC 

IP67 sealing for the plug/socket connection and socket flap protection 

Freezing protection 

Drain system for fluids and dust egress 

Salt spray protection 

 

In this stage, determination of the potential station locations within this frame-

work was conducted. For the next stage, a map of potential locations was made and a 

consequent evaluate and analysis of the locations was undertaken in order to find a 

desirable site. 

To decide on charging station deployment, location, type and the target of site 

contributes to determination of the type of charging equipment to be installed. Re-

garding the major electrical, mechanical and environmental factors for installation, as 

addressed in all Table 8, a flowchart was designed (Figure 10). The next stage was the 

continued use of the buffer zone approach, as seen in Figure 11. After thorough as-

sessment of 14 DC charging sites, it was observed that more AC stations around eve-

ry DC charging station sites are required. 

Flowchart process 
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Figure 10: The process of EVSEs DC fast, 50 km buffer zone over population area 

2.3.3.1  The model finding the optimum number of charging stations 

A buffer zone of 50 km over the residential area was made based on the E14 

road and the location of each existing gas/charge station, and it became clear which 

could be close to residential areas and which could be far from them. Latitude and 

longitude of each station has determined from Google Earth. By making an excel 

spreadsheet and entering this into the GIS program, each station on the map - both in 

Sweden and Norway - was derived on the E14 road. The next step was to measure 

the population of each city and entered those data into the GIS program as well. By 
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combining these data, relation between stations and residential areas, and also their 

demand on the number of gas or recharge stations was assessed. 

 

Figure 11: Buffer zone of 50 km over residential areas 

Based on the gathered data, the estimate of how many charging stations were 

needed along the E14 road was made on the different maps. The length of around 

280-mile road, from Trondheim to Sundsvall, the charging stations could take place 

in a buffer zone of 10 miles, 15 miles and 20 miles per station was assumed.  Finally a 

buffer zone of 50 km (31 miles) for residential areas along the E14 road was evaluat-

ed, and the optimal number of stations to be  installed  were derived as 14 DC EVSE  

in 14 residential areas, a result also found with a 20 mile buffer zone.  
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3   Results and Discussion 

The results show that there is a direct relationship between the pattern of gaso-

line station locations and the population density pattern (see figure 9). Using this re-

lationship is great potential to help designer to decide upon the optimal location of 

charging stations. As a result, the model in and  does not provide for sufficient sta-

tions where the population density is very low. Moreover, due to the range anxiety 

provoked by EVs, it is necessary to use a third method, the Melina approach, in 

which location of the stations must fulfill the aforementioned criteria. 

The results were obtained through the creation of analytical models, here con-

sisting of buffer zones created in ArcGIS at interval sizes of 10, 15, and 20 miles. For 

the 10-mile buffer zone, the estimated number of charging sites is 28, (see figure 12).  

With a buffer zone of 15 miles, the results give a total of 18, (see figure 13), and using 

a buffer zone of 20 miles results in 14 sites for charging stations along the E14 road as 

can be seen in . 

According table 4 the main close residential areas to E14 include Sundsvall, 

Stöde, Bräcke, Gällö, Brunflo, Östersund, Krokom, Åre, Duved, and Storlien in Swe-

den, and in Norway: Meråker, Söjrdadel and Trondheim. In order to increase possi-

ble fuel availability in the cities a 50 km (31 miles) buffer zone was considered over 

the mentioned residential area, see figure 11.  

Making a decision to do a 31mile buffer zone over the mentioned  commute ar-

eas has been choose because with familiarity location and economic factors, which 

forecast 13 sites.  
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Figure 12: Number of charging stations based on the Melaina 

method, one station per 10 miles along the E14 road, 28 sta-

tions. 
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Figure 13: Number of charging stations based on the 

Melaina method, one station per 15 miles along the E14 road, 18 

stations. 
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Figure 14: Number of charging stations based on Melaina method, one station per 20miles along 

the E14 road, 14 charging stations are considered 

Results show that according to the 20-mile buffer zone, which forecasts 14 

charging station sites and which includes urban areas, it is almost the same as the 50 

km (31 miles) buffer zone for a residential area which forecast 13 sites. To make deci-

sion on the likely sites demand different parameters were required to consider, for 

example, according figure 2 the available EV type in the current market, economic 

electrical security such as accessible power supply, also mechanical matters such as 

type of location, and environmental conditions such as freezing protection (see Table 

8). The economic parameters for the 14 location sites were considered on making de-

cision on deployment minimum 14 stations DC three phases de their short charging 
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time, as more optimum. On the other hand, the high economic cost of this technology 

was a major cause of its unsuccessful earlier deployment. However, by using EVSEs 

fast type, it aims to mitigate the range anxiety concern. 

In comparison with research conducted on the deployment of EVSE stations in 

Beijing, we see the current refueling station service radius ranges from 0.95 km (ur-

ban districts) to 4.94 km across 18 administrative districts, and thus a higher number 

than was calculated for the Green Highway. The electric vehicle range is considered 

as the main fundamental factor, along with population density, when choosing the 

average distance covered. 

 It is remarkable to note that these results show exact latitude and longitude but 

regarding to existing structure would be shift in its zone. The installation was regard-

ing to electrical, mechanical, and environmental and it depended to the city’s existing 

infrastructure for example, public parking. However power system engineers will 

face challenges when installing the electric vehicle charging stations and connecting 

to their facility power systems, as this will likely cause high amounts of electricity 

use at the same time.  Realistic in Sweden, which has wind and hydropower has not 

seen as a problem for its grid network to use electricity as a transport fuel and re-

garding table 9 expected growth of EVs in the Green Highway until 2020.  Sweden 

has huge amount of wind and hydropower to make available, which are secure 

sources of renewable energy to generate electricity with lower emissions. 

As the first challenge, concerning the fast charge station is their expensive price, 

and that because of this issue, EV provider have installed a minimum number of sta-

tions upon initial deployment. Therefore, regarding to table 7 and 9, 28 stations for 10 

mails can make a costly network and unnecessary in this stage. The major challenge 

with fast charging occurs relating to its supporting time when electric vehicle use is 

growing, and the vehicle charging takes around 30 minutes. Furthermore it could 

create queues when charging EVs, and thus could make it less attractive to users Ta-
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ble 9 shows the expected growth of EVs in the Green Highway region until 2020 

(Master plan project, 2010). 

Table 9: Expected growth of EVs in the Green Highway until 2020. Source Master plan project, 2011 

Period 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Number of EVs in region 50 200 400 600 1000 2000 4000 6500 9500 12500 

 

An economical and safety aspect for site identification of electric charging sta-

tions is the adequate distance between the sites and the electricity grid. A long con-

nection leads to energy dissipation in the long and expensive cables, and should be 

located underground for safety reasons. This high infrastructure cost is seen as one 

major barrier in the development of electricity-based fuel. Therefore the siting of 

charging stations adjacent to the electricity grid is a vital parameter for site location 

of charging stations. This poses a challenge in urban areas where low-cost low volt-

age is available. The electric power capabilities and associated data were considered 

in 14 sites. 

By using deployment fast EVSEs assumption, there needs to be at least one fast 

EVSEs in a potential site in every 50 km buffers zone, and dependent on the penetra-

tion of EVs in the market, there can potentially be more deployed in the allocated 

coverage area contributing to the transport network. 
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4 Conclusion 

This paper has used the Green Highway to analyse the deployment and optimal 

location of EVSE charging stations in an attempt to promote the use of electric vehi-

cles. Through creating an analytical model using a GIS program, different sized buff-

er zones were evaluated to decide on the optimal number and location of charging 

stations. Buffer zones of 10, 15, 20 and 31 square miles were analysed, and results in-

dicated a close correlation between the 20 and 31-mile buffer zones. These two sizes 

resulted in the deployment of 14 and 13 charging sites, respectively, whilst the small-

er buffer zones resulted in a higher number of charging stations that would prove 

costly and unnecessary. According to the flowchart and Melina method, the results 

show that the optimal design for the E14 in Green Highway is to deploy  minimum 

of 14 fast charging stations in residential areas along the E14 road. The charging sta-

tion itself should be equipped with the three phase system, which permits the EV 

drivers to charge their vehicles in a short time and within a sufficient refueling dis-

tance. Additional stations beyond the E14 could use the EVSEs normal AC type sys-

tem, which would   increasing refueling security and would be sufficient for inter-

city transportation sector.  EVs seem to be more appropriate for inner city transporta-

tion whereby charging at home is a more convenient option.  In order to increase EVs 

drivers’ confidence to use these vehicles, it is important to deploy an adequate EVSE 

stations along busy commuting routes. The amount of fuel used is given in Table 2, 

and shows about 80% of the amount of consumer use in transportation is allocated to 

fossil fuels. Also electricity use is growing in low density population areas. 

Since the transportation system has a close relationship with city air quality, an 

increased electric vehicles share on the road will decrease city pollution based on 

particles, NOx and ozone precursors provided that the total traffic volume remains 

the same. It is furthermore clear that availability of charging infrastructures will be a 
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vital requirement for their adoption. A general evaluated of the within cites, includes, 

the most efficient recharge is considered to be charging at home as well as by charg-

ing in public areas. As an early up-and-coming technology and at this stage, gov-

ernments and large organizations should be using EVs and equip their parking areas 

with charging stations. However, the important feature for EV uses in cities is to re-

duce urban pollution, as there electrically powered vehicles have no tail pipes, and so 

emit zero emissions when driving on purely electric power. Sweden’s energy effi-

ciency in the transport system must improve in order to be able to meet the number 

of national and international commitments within the climate field. In fact, the over-

all vision of this study is based on energy policy and efficiency; is EV a clean tech-

nology and does it emit less GHG emissions and also provide potential for financial 

growth, regional development and a more attractive environment? An attractive 

transport method such as this could eventually be important factor to consider at-

tracting tourists and other local visitors to increase financial income and promote the 

region. 
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6 Appendix 

6.1 An introduction to GIS 

Geographic Information Systems, GIS, is a useful tool when managing geo-

graphically bound problems, such as city planning, logistics, resource management, 

etc. It is used to compile, process and visualize geographically bound data. The spa-

tial analysis for this thesis was performed with help of the GIS software ArcGIS. This 

software provides the user with numerous tools for analysing and editing spatial in-

formation. There exists a number of different GIS software. This introduction will fo-

cus on ArcGIS, since that is the tool chosen for this thesis (Lindblad, 2012). 

By making a representation of the real world and storing information spatially 

within the GIS software, analysis, geoprocessing and visualisation can be performed 

to solve any type of location-bound problem. 

Geoprocessing is the process of creating new data by applying operations to ex-

isting data. Through the use of ArcGIS, it is possible to create the necessary infor-

mation in order to make assessments of possible station sites. 

6.2 Set cover refueling model 

In addressing the relay of EVSE site on vehicle range (Wang et.al, 2009) state 

that “vehicle range is a key factor for determining the location and number of refuel-

ing stations completing a journey especially a long-distance one”. Furthermore, they 

performed sensitivity analysis of how EVSE location is a function of EV range 

According to the study by Wang et al., they indicated their result through dia-

grams (see Figure 15,16, Figure 17 ) which shows vehicle range correlated with the 
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location and number of refueling stations completing a long-distance journey, and 

use a quantity model named set cover. 

. 

 

Figure 15: vehicle range, coverage distances = (10, 20 km) number of station sited. Source: 

Wang, 2010.  

 

 

 

 

  

Figure 17:  EVs Range and  number of charger 

stations 

Figure 16:  sensitivity analysis of number of refuel-

ing stations to refeling capacity. Source (Wang, 2010). 

: Sensitivity analysis of number of refueling stations to 

refueling capacity. Source (Wang, 2010). 
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7 Melaina Method 

Estimates of a necessary level of refueling availability have also been made on an ab-

solute basis. Melaina (2003) developed two simple estimation approaches for urban 

areas based on land area and miles of major roads, concluding that coverage at 18–25 

square miles per station would require approximately 1600–4500 stations, and major 

urban road lengths of 10–20 miles per station.  It would require approximately 3100–

6200 stations. The first land area approach treats all urban areas similarly, while the 

second approach accounts for road network structure and may therefore provide a 

better representation of required coverag (Kim,  Kuby,  2012). 

8 Other considerats in the situating of EVSEs 

Of course, environmental friendly and energy saving are indirect goals of this 

work. As described in the methods section, the number of charging stations depends 

on several different factors such as the state of the EV market in the Green Highway 

region, as well as in the whole of Sweden. It takes into account quality inspection, 

control and assurance of charging type and the participating EVs currently in the 

transportation market. Factors, such as electrical stations that are going to temporari-

ly give away free services to their customers in Sweden, so the location pattern 

should be both economical for the government but also encouraging for customers. Con-

sidering potential parking areas as close as possible to an existing power grid or elec-

trical panel with proximity to a charging station is also an important safety and eco-

nomic factor.  

 Also of note is the government’s opinion about the siting location of recharge 

stations which will be influenced by economic factors, such as electrical stations that 

are going to give away free services to their customers in Sweden for a while, so the 
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locating pattern should be both economical for the government and also encouraging 

for customers. 

Of course, both price and emissions emitted due to the generation of electricity 

depend on the type of power plant used to generate the electricity. Power supply avail-

abilities and traffic flow are also important factors in the evaluation of charging sta-

tions. 

 One of the major factors considered in deployment of EV charging stations 

should be based on their technology. Battery EVs (BEV) which includes battery type, 

battery capacity, and battery charging times all have a vital role in locations of 

EVSEs. The other important feature is charging power levels, the mileage travel dis-

tance by a single charge. 

EVs is more appropriate for inter cities whereby charging at home is considered 

convenient. in the Green Highway region for designating public charging within al-

ready occupied fuel sites, and the adequate placement for charging location is de-

pendent on the cites’ building structure. However, the process of installing the 

EVSEs at a home or business is not complicated one. A deployment example in the 

studied region is Östersund city, which it is forecasted for more than 30 sites re-

quired within the city, which is located in the mid-E14 region. EVSE deployment is 

dependent upon the city’s existing building structure, where the main buildings in-

clude municipality, university, hospital, museum, large shopping store (ICA super-

market) and energy company locations. 

The situating of EVSEs builds upon two main location type categories deploy-

ment includes: fast EVSEs adjacent to E14 road, which this thesis is focused on it. The 

second category, which includes privet and public intercity, not consider on. It is im-

portant to note situating aimed adjacent to E14 road is forecast regarding to one fast 

charging, at least 19kw for a single EVSE in any site and for every candidate residen-
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tial area is necessary. While, the number and the total of EVSEs can changed, based 

on the requirement in the both categories.  

Travel time is an important term to take into account for customers, and includes 

travel from the origin to the destination of their trip. Additionally, it can more accu-

rately show the relationship between origin or destination data and station location 

by calculating the driving time to the station. The variable to be minimized in this 

model (Electrical Recharge Siting Model 1 or ERSM1) is region-wide average driving 

time to the nearest station, for all those making a commuting trip.  

It is furthermore considered that the population density is fundamental in choos-

ing the average distance covered. Once understood, identification of the optimal sta-

tion locations can be made using a GIS map. 

Charging demand was examined based on existing petrol fuel stations in the 

Green Highway region, and included characteristics such as range for a long trip, 

public parking spaces, personal or business trip, shopping, rest stop, and pick-up 

and drop-off of passengers. 

There are about 60 gasoline supply companies in the region, of which 36 are lo-

cated adjacent to the E14 road. The problem is for sub-cities with long distances be-

tween them, for example: Övriga VINTERGATAN 20, Storlien, Sweden coordinates 

N 63° 18.916, E 12° 06.325to S26-Statoil Nära Hamrevägen, Duved, Sweden coordi-

nates N 63° 23.563, E 12° 55.030. This journey takes about one hour and this is a mat-

ter that likely the low-density population makes for having a private fuel supply in 

this locality, the European online public charging station locator, Website: 

(google,www.uppladdning.nu,2012) 

From Sundsvall to the closest charger station along the E14 is 73.39km (45.60 

miles), also Jämtkraft/EV-power/Green Highway CHAdeMO in Storlien is 61.54 km 

(38.24 miles) to the charging site at Trondheim lufthavn, Værnes. It is assumed that 

the mileage range of the electric vehicle is 100 km with a full charge, however, given 
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to sensitivity analysis of the battery the actual measured range is about 65 % of this 

value, and therefore this needs to be taken into consideration with charging loca-

tions.  

The main road on which this study is based on the Green Highway, and as 

shown in the figure 18, the study has evaluated the number of gas stations and the 

distance between them. There are some gas stations within less than 600 m of each 

other, and the longest distance between gas stations is 52, 2 km, between Storlien and 

Sjordalen, along the E14. Here it seems that for this long distance people will need to 

obtain renewable fuels from private sources. 

However, it is interesting to note that previous research has noted a refueling 

problem for both fuel providers and vehicle makers. They used the idiom egg and 

chicken to express this challenge to whether  refueling network should be  make first 

or vehicles should come in the market to deploy a sufficient refueling.  

 

Figure 18:  Charging and biofuel stations on the Green 

 Source: http://www.nordregio.se  
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