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List of abbreviations  

 

BSS ς battery swap station 

CP ς charging point 

EC ς European Commission 

EU ς European Union 

EV ς electric vehicles, 100% electric vehicles 

FCP ς fast charging point, generic name covering all types of fast charging points 

ICE ς Internal Combustion Engine 

ICT- Information Communication Technology 

QCP ς quick charging point, the name of the fast charging infrastructure operated by CLEVER in Denmark 

 

Please note that: 

¶ By charging infrastructure is meant both BSSs, CPs and QCPs. 

¶ By home charging stations all the private charging spots are meant: both at home and at the work 

place. 
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Preface 
 

This report was originally planned to treat mainly Battery Swap Stations in Denmark, but during the report 

elaboration process it occurred to be that performance of Battery Swap Stations is strongly connected with and 

supplemented by the other types of charging infrastructure (especially fast charging infrastructure), hence all 

the charging solutions operating in Denmark were also described. Moreover, electric vehicles development and 

spread is also an important factor for BSSs performance: if there are few on roads then for sure it will affect the 

.{{ǎΩ ǇǊƻŦƛǘŀōƛƭƛǘȅΦ Therefore EVs with switchable batteries available in Denmark were also described in this 

report. Also an issue of deployment of smart grid deployment and the use of renewable resources was 

ƛƴŎƭǳŘŜŘ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘ ŀǎ ƛǘ ŜƴŀōƭŜǎ .ŀǘǘŜǊȅ {ǿŀǇ {ǘŀǘƛƻƴǎΩ profitability and enables EVs to be really 

environment friendly. 

This report has been produced as part of the E-Mobility NSR project by: Hanna Baster, Kent Bentzen, Emina 

Kapitanovic, Michael Laugesen and Morten Møller. 

 

Special thanks to all who have contributed and accepted to be interviewed; an extensive assistance was 

provided by Better Place Denmark, but also by Dong Energy and Danish municipalities: Randers Municipality 

and Frederikshavn Municipality, who devoted their time to take a part in 1-2 hours long interviews and were 

willing to answer the follow-up questions. 
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Introduction  

 

EU policies directed on electric vehicles  
 

According to the European Recovery Plan, the European Union has selected various research and development 

support mechanisms in order to potentially achieve innovation in road transport and more specifically 

renewable CO2 free energy sources and transportation means. Within the acknowledged fact that convenient 

CO2 producing fuels are becoming more expensive and rare, it has been decided to focus on the potential 

alternative fuels that could provide green energy. There are various project initiatives as stated at the 

European Commission website concerning clean transports, ά/ƭŜŀƴ ǘǊŀƴǎǇƻǊǘΣ ¦Ǌōŀƴ ¢ǊŀƴǎǇƻǊǘέ (European 

Commission, 2011).  

 

One of the projects is North Sea Region Electric Mobility Network (E-Mobility NSR), one of the objectives of the 

project is to demonstrate user friendly infrastructure with existing scalable technical solutions using existing 

sustainable business platforms for charging techniques. Currently many cities and regions in Europe NSR are 

developing coordinated action plans and strategies to develop electro mobility infrastructure. The core focus of 

these incentives is local and regional traffic. One of the biggest issues that E-Mobility NSR project is dealing 

with is organization and synchronizations of the different incentives with one another. E-Mobility NSR will help 

to create favourable conditions to promote the common development of e-mobility in the North Sea Region. 

Transnational support structures in the shape of a network and virtual routes are envisaged as part of the 

project, striving towards improving accessibility and the wider use of e-mobility in the North Sea Region 

countries, (E-mobility NSR, 2012). 

 

This project has its roots in Europe 2020 strategy, where the European Commission gives the proposition of the 

Flagship Initiative 'Resource efficient Europe'. This underlies that the European Commission is going to focus on 

presenting and developing different kinds of projects in order to decarbonise and modernize the sector of 

transportation. As the reasoning behind this initiative is the fact that as the IEA has brought to the attention of 

the EU governments, the least the success in decarbonising the world, the greater the oil price will increase. In 

нлмлΣ ǘƘŜ ƻƛƭ ƛƳǇƻǊǘ ōƛƭƭ ŦƻǊ ǘƘŜ 9¦ ǿŀǎ ŀǊƻǳƴŘ ϵ нмл ōƛƭƭƛƻƴΦ LŦ ǘƘƛǎ ƛǎǎǳŜ ƛǎ ƴƻǘ ŀŘǊŜǎǎŜŘ ƛƳŜŘƛŀǘŜƭȅ ƛǘ ŎƻǳƭŘ ƭŜŀŘ 

ǘƻ ŘŜŎǊŜŀŎŜ ƛƴ ǇŜƻǇƭŜΩǎ ŀōƛƭƛǘȅ ǘƻ ǘǊŀǾŜƭΣ ǘƘŜ ŘŜŎǊŜŀǎŜŘ ŜŎƻƴƻƳƛŎ ƛƴŘŜǇŜƴŘŜƴŎŜΣ Řƛstortion of trade balance and 

very high inflation due to the fact that almost all product and service prices are interrelated with oil prices in 

one way or another (European Commission, 2012). 

At the same time EU has developed the so called White Paper (Roadmap to a Single European Transport Area ς 

Towards a competitive and resource efficient transport system)  that deals not only with economical issues, but 

also the need to reduce greenhouse gas emmissions. One of the common aspects that this papers deals with is 

to halve the use of conventially fulled cars in urban areas by 2030 and complete phasing out by 2050. European 

Commission has developed a road map according to which  the GHG emissions decrease by 20% compared to 

нллу ƴǳƳōŜǊǎ ƛǎ ǊŜǉǳƛǊŜŘ ōȅ нлолΦ ¢Ƙƛǎ ǎǳōǎǘŀƴǘƛŀƭ ŘŜŎǊŜŀǎŜ ǿƻǳƭŘ ōǊƛƴƎ 9¦ǎΩ DID ŜƳƛǎǎƛƻƴǎ у҈ ŀōƻǾŜ ǘƘŜ 

level of 1990. It has been concluded within the White Paper, that a succesful infrastructure development and 
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potential reach of the settled goal would require over 1,3 trillion EUR investment in a period of 2010 and 2030. 

From that the successful completetion of the TEN-¢ ƴŜǘǿƻǊƪ ǿƻǳƭŘ ǊŜǉǳƛǊŜ ϵ ррл ōƛƭƭƛƻƴ ƛƴŎƭǳŘƛƴƎ ǊŜƳƻǾƛƴƎ ǘƘŜ 

main bottlenecks of the transportation industry. Unfortunately, this does not include the potential investment 

in vehicles equipment and charging infrastructure that may require an additional trillion to achieve the 

emission reduction goals for the transport system. 

 E-mobility chances to become a mass market product  

This report focuses on one of the 9±{Ω charging infrastructure elements: the Battery Swap Station. This solution 

was recently developed and is currently under firsts market launches in Europe. The biggest European launch 

takes place in Denmark, where the whole country is planned to be covered with the Battery Swap Stations 

network enabling travel from the very north of the country to Copenhagen (516 km).  

According to Better Place, an electric car is a vehicle of the future. In the past years, most of the major 

international car manufacturers announced various electric car models. It is uncommon to open a ƴŜǿǎǇŀǇŜǊΩǎ 

car section or a car magazine without stumbling on electric car news, reports and reviews. Major automakers 

like Volkswagen, BMW and Audi will launch their first pure electric models. Already in 2011, it was noted that 

new mass-produced electric cars appeared on the ǊƻŀŘǎΩ of Denmark such as Mitsubishi iMiev and Peugeot 

iOn. Furthermore, one of the core focuses of this project and Better Place is Renault's first full scale production 

of electric vehicles with removable battery, namely the Renault Fluence ZE, which was launched in 2011. 

The Renault Fluence Z.E. is so far the only model that fits Better Place's battery switch concept. The Renault 

Fluence is introduced with a competitive price of 206.000 DKK (around 27.500 Euro). The reason for that is not 

only the desire of Better Place and Renault to push these products out of the market, but also various Danish 

government and EU initiatives for example a large role in decreasing electric car price in Denmark is played by 

different incentives, where owners of electric vehicles do not have to pay any registration taxes on their 

vehicles.  

 
Additionally, taking into account Denmark, e-
mobility has quite good chances to become a 
mass market product, because the average 
travelling distances fit quite well into the EVs 
range. If commuting behaviour is concerned, 
the average travelled daily distance for 
commuting reasons accounts for 39.4 km. 
The percentage of commuting trips in 
Denmark exceeding the average (100 km) 
and minimum (80 km) range of Renault 
Fluence is 7.8% (194 000 Danes) and 11% 

(273 646 Danes), respectively (Danish 
Statistics, 2012). 
 

 

Figure 1 Commuting distance in Denmark, (Danish Statistics, 2012) 
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The reasoning behind choosing electricity powered vehicles against ICE vehicles 

Electric cars have the potential to set new standards in the automotive market. Nissan's first electric car the 

Nissan Leaf has already being elected the 2011 European Car of the European motor journalists (Car of the year 

2011, 2012). The Nissan Leaf was in direct competition with ICE models, which was launched the same year.  

Within economies of scale an electric car is cheaper to produce than a fuel-driven car, because it primarily has 

fewer moving parts. Therefore, in general electric cars each year are becoming more competitive. From the 

user point of view, the fewer moving parts also mean less wear and less visits to the workshop when it comes 

to the maintenance of electric cars.  

Besides these advantages electric cars have further benefits towards convenient vehicles. This applies to the 

acceleration capacity, because of the constant torque electric motor. Furthermore, theoretically, an electric car 

can utilize energy 3-4 times more efficiently than a conventional car. 

With electric cars on Danish roads, traffic noise impacts can also be reduced substantially. The noise from the 

tires at high speeds is dominating, but at lower speeds below about 50 km /  h, engine noise is the biggest 

problem especially in urban areas. It has been shown that over 785,000 homes are impacted by road noise, 

which is higher than the limit that is required by the governmental standards (Miljøstyrelsen, 2012). 

Furthermore, Denmark is experiencing between 200 and 500 premature deaths caused by road traffic noise 

and between 800 and 2,200 hospitalizations due to road traffic noise each year. An electric car has a great 

potential in relation to reduction of road traffic noise. Despite of the facts presented, concern about the threat 

of traffic accidents caused by soundless electric vehicles should be also taken into account. Researchers around 

the World work to identify whether this is a real problem. The challenge is to keep noise levels below the noise 

emitted from conventional engines, so that electric car noise reduction potential is preserved. Therefore, it is 

essential to work on creating a sound that is as silent as possible, but still stand out from the noise of the 

traffic. 

Moreover, with regards to security, modern electric cars are fully comparable with the fuel-based ones. It is 

because they are produced by leading international original equipment manufacturers, whom all have 

extensive experience in automotive safety - and make the same demands on their new electric cars, as their 

fuel-powered models. That means for example that electric cars go through the same crash tests and safety 

procedures as those known for fuel-powered cars. 

Another important factor to mention is air pollution decrease. Air 

pollution caused by transportation is one of the factors affecting 

public health most negatively in Denmark. The problem of air 

pollution in relation to public health is greatest in larger cities where 

people are on or close to busy roads. Pollution from fuel-powered 

vehicle exhaust emissions is the most harmful air pollution, because 

the discharge is at street level and because cars emit large amounts 
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of ultrafine particles. Ultra-fine particles are particularly harmful, because they can reach all the way out of the 

outer branches of the lungs, where they are removed slower than the coarser particle types by, for example, 

wear of the tires, road surface, and brake blocks. There is still lack of knowledge about air pollution impacts, 

but recent scientific studies estimate that air pollution annually causes: approximately 3.400 premature deaths, 

2.200 hospitalizations due to cardiovascular diseases, 1.500 hospitalizations due to respiratory diseases, 3.300 

cases of chronic bronchitis, 11.600 cases of acute bronchitis in children under 15 years and 160.000 asthma 

attacks (National Institute for Public Health, 2007). 

Not only have electric cars no exhaust pipe and they do not pollute at street level but also decrease emissions 

of tire and especially of brake dust. The amount of brake dust decreases dramatically with electric cars, as 

modern electric cars use so-called "regenerative engine braking," which virtually no wear on the car brake pads 

during braking, and which also recharges the car battery.  

External factors justifying rationality of electro mobility implementation 

There are several factors suggesting that there is a need for the Danish transport sector to adapt to renewable 

energy sources. Firstly, rising pollution emission and significant climate change has resulted in a need to reduce 

and eventually eliminate polluting emissions from oil-based transport altogether. Moreover, oil production is 

approaching its peak and oil companies are increasingly seeking for άƘŀǊŘ to ǊŜŀŎƘέ sources of oil, which is both 

costly and difficult to extract. Furthermore, there is an increasing demand for more energy, especially oil, 

which is expected to rise significantly in the future. This phenomenon can be especially observed in countries 

with high growth of economy and population for example countries like China and India, where living standards 

are rising and millions of people buying their first car, first refrigerator as well as increase their travel 

activity. All this requires more energy coupled with the emission of more CO2. 

Renewable energy creates sustainable transport and vice versa. The economy 

that is possibly using the renewable energy creates a great opportunity in the 

transport sector. A significant proportion of renewable energy in Denmark is 

generated by wind energy. Unfortunately, wind energy is difficult to exploit 

optimally: when there is no wind needs of Danish households are hard to be 

met, while when it blows, there is contrariwise not always sufficient demand 

.Continuously, Denmark sells it below the cost of production, gives it away or 

even completely stops the wind turbines in periods of times. Better Place has 

developed a sophisticated software system that takes into account electric 

car ŘǊƛǾŜǊǎΩ driving needs, possible local overloading of the power grid and a 

number of other factors.  The better utilization makes it possible to increase 

the production of wind energy in Denmark. Further, the increased power 

consumption due to amplified use of electric cars would theoretically increase the price of EU CO2 allowances 

and would make investments in energy efficiency and renewable energy more profitable.   

Over the past 35 years the global demand for oil has raised in an average of 1% per year, and the global oil 

trade crossed the full $ 3 trillion in 2008 and global demand for oil and gas continues to grow. In fact, many 
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estimate that the world in 2050 will demand twice as much energy as today. Dwindling oil reserves and a 

consequent rise in global oil prices have almost unimaginable consequences, not just for climate, but also for 

our transportation systems. Fortunately, the future holds equally great potential for a corresponding global 

transportation market based on renewable energy. A shift to a transport system based on renewable energy 

will inevitably lead to a substantial reduction in demand for oil, and can potentially create one of the 

21 century's greatest economic opportunities. The expansion of renewable energy is just one way of creating 

value. Investment in electric vehicle components, infrastructure and systems, batteries, charging stations, 

battery switch stations and network technologies will result in new jobs in numerous industries. The shift to 

electric cars will also allow for savings in the transport sector.   

 

Why Denmark was chosen as a Battery Swap Stations demonstration site 

A modern society like Denmark emits a great amount of CO2 into the atmosphere on a daily basis. The 

imminent threat to the climate is the reason why Denmark is by 2020 obliged by EU's goal of reducing 

greenhouse gases by 20% compared to 1990 levels by 2020. In Denmark, transport accounts for more than 20% 

of total CO2 emissions. A figure like that is difficult to reduce despite of the fact that tighter environmental 

standards for cars have been gradually introduced. Just since 1990 there have been almost half a million more 

cars on Danish roads. So even though cars are more energy efficient and run longer on a litre, there has not 

been shown a decrease in total CO2 emissions. Electric cars can play a crucial role in reducing CO2 emissions, as 

a petrol car with an average driving pattern emits about 3.3 tonnes of CO2 per year, while an electric car is to 

bring the figure down to about one ton of CO2, mainly due to electricity production. 

An electric car will also be even more eco-friendly over time. Denmark's stated goal of increasing the share of 

renewable energy such as wind energy in the grid, means that the electric car's indirect CO2 emissions from 

electricity generation at the power plant is reduced, as the power generation becomes more climate 

friendly.  This is even more probable, as charging infrastructure operated by Better Place (home charging 

stations, public charging points and the battery swap stations) are already connected to smart grid. The electric 

car is not just a here-and-now alternative, but an investment in a sustainable future. Danish Energy producers 

expect to halve CO2 content in the Danish electricity production already in 2025. This goal is to be greatly 

supported by charging infrastructure for electric vehicles integration with the smart grid. 
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Methodology  
 

Aim 

Battery Swap Station is a new solution, which has not previously been described in scientific reports or 

journals. This report aims at communicating this solution to a broader audience, especially focusing on public 

authorities of NSR countries.  

 

Geographical scope 

 

Denmark was chosen as a geographical area for this report, as this is the first country in Europe where ŀ .{{ǎΩ 

network has been established. 

 

Goals 

The rŜǇƻǊǘΩǎ ƻǳǘŎƻƳŜǎ are intended to assist a sound development of e-mobility policies in the NSR countries: 

firstly, it will provide information which will help to influence public authorities to support e-mobility spread 

with legislative and financial tools, secondly, it will provide them with descriptions and comparisons of the 

existing charging infrastructure solutions (BSS, CP, FCP), thirdly it will inform them about the needs concerning  

these tools development, thus optimizing the procedures of setting up smart grid solutions in connection with 

Battery Swap Stations and Charging Points. Last but not least the goal of this project is also to inform them 

about the possible gaps, which may hamper this infrastructure launch. 

Objectives and outcomes 

There are established two main objectives of this report. First one is to describe a new charging solution ς 

battery swapping and second to create a roadmap for a successful establishment of Battery Swap StatiƻƴǎΩ 

network in the North Sea Region countries accompanied with the recommendations concerning changes in the 

law required to smoothen the process of charging infrastructure implementation. 

The goals were attained by presenting the process for swapping batteries as well as the setting up of the 

stations including connections with smart grid solutions. This activity has a special focus on the physical setting 

ǳǇ ƻŦ ǘƘŜ .{{ΩǎΦ {ŜŎƻƴŘ Ǝƻŀƭ ǿŀǎ ŀŎŎƻƳǇƭƛǎƘŜŘ ōȅ ŜƭŀōƻǊŀǘƛƴƎ ƻƴ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ .{{ ŜǎǘŀōƭƛǎƘƳŜƴǘΣ 

concentrating especially on the legal side of this activity: beginning with location criteria, going through 

permissions needed and finishing with financial and legal support provided by public authorities. The first main 

outcome of the report is a description of the BSS establishment process in Denmark, with a special focus on 

legal aspect. The second main outcome of this report is a roadmap for BSS implementation consisting of a 

description of BSS establishment process in Denmark accompanied with the recommendations concerning 

changes in the Danish law required to smoothen the process of charging infrastructure implementation. 
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Detailed outcomesΩ ŘŜǎŎǊƛǇǘƛƻƴ 

Through the demonstration of the procedure connected with charging infrastructure set up in Denmark the 

report aims to firstly attain information on location criteria considered as most feasible by BSSs and CPs 

establishers and how they sometimes ƘŀǾŜ ǘƻ ōŜ ŎƘŀƴƎŜŘ ŘǳŜ ǘƻ ǇǳōƭƛŎ ŀǳǘƘƻǊƛǘƛŜǎΩ ǇǊeferences. Secondly, the 

report wants to collect information on legislative processes related with BSSs and CPs set up, permissions 

necessary and the timing needed for their acquirement is described. Thirdly, the report endeavours to examine 

process of the physical BSS and CP establishment. Last but not least, the report  gives an insight into smart 

grid solution with charging points present in Denmark and by this into Danish experiences with using 

renewable resources for EVs charging.  

Process (Data collection protocol) 

The report was written on the basis of a literature review, Danish planning and building regulations review and 

interviews with core stakeholders. Extensive assistance was provided by Better Place, but also by the other 

interviewees: Dong Energy and Danish municipalities: Randers Kommune and Frederikshavn Kommune.  

wŜǇƻǊǘΩǎ ǎǘǊǳŎǘǳǊŜ 

Chapter 1: this chapter provides the reader with location criteria considered by Better Place while choosing a 

spot for a BSS establishment. This information was needed in order to comprehensively describe the process of 

BSSs setup in Denmark. The chapter was written mainly on the basis of an interview with Better Place.  

Additionally websites of Better Place and CLEVER were used. Better Place assisted extensively within writing 

the whole project, but especially concerning this chapter, as information provided was not accessible publicly. 

Core inputs were received at a meeting with Better Place in May 2012. 

Chapter 2: background knowledge for this chapter was gathered on the basis of the Building Act in Denmark 

and the Danish Planning Act documents. Interviews with Danish municipalities provided the most important 

information for this chapter. Information gathered from Frederikshavn Kommune and Randers Kommune 

enabled the author to map the process of BSS physical establishment in Denmark ς from finding the right spot 

to the BSS opening. Furthermore, knowledge gathered during conducted interviews helped to point out weak 

points within the Danish Law system concerning electric vehicles, charging infrastructure as well as e-mobility 

spread in general. 

Chapter 3: technical operation and physical set up process ς The main goal of this report is to provide a 

roadmap for charging infrastructure implementation and not to perform a research on the technical side of the 

issue. However, it was important to include technical issues in this report, since recommendations cannot be 

elaborated without a basic knowledge of the general technical features of charging infrastructure. It was 

especially important regarding Battery Swap Stations as it is a new, not broadly described solution. The chapter 

was written on the basis of an interview conducted with Better Place, but also on the basis of secondary data 

sources: websites, reports (especially from the EDISON consortium). 
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Chapter 4: As mentioned previously, the main goal of this report is to provide a roadmap for charging 

infrastructure implementation and not to perform a research on the technical side of the issue. However, it 

was important to elaborate on smart grid integration with BSSs as this limits feasible location of BSS, its 

profitability, and have an impact on permissions needed to be obtained to establish BSS. The chapter was 

produced mainly on the basis of interview with Dong Energy and Better Place. Nevertheless, literature review 

on smart grid and electricity supply system in Denmark provided an important background to build the proper 

questions for the interviewees. 

Chapter 5: this chapter describes existing charging infrastructure for EVs network in Denmark and endeavors to 

compare its elements: Battery Swap Stations and Quick Charging Points. This comparison, together with 

recommendations from chapter 10 could hopefully help public authorities to decide which solution is most 

feasible for specific locations. Although, it must be noted that this chapter does not try to give a final 

recommendation on which solution is more feasible, but is meant to serve as an additional, advisory tool. 

Chapter 6-10 aim at summarizing and reflecting upon findings described within chapters 1-5, so the 

information gathered during interviews and from secondary data sources.  

Chapter 6: This chapter presents strengths, weaknesses, opportunities and challenges (threats) of the Battery 

Swap Station network in Denmark.  It does not analyze the impact of BSS, but rather try to assess chances for a 

successful BSS spread. 

Chapter 7: this chapter provides the reader with the main established outcome for this report ς process of BSS 

establishment in Denmark with a special focus on the legal side of the process. Chapter summarizes 

information presented in chapter 3 of this project, which were gathered from the interviews with municipal 

authorities (Randers and Frederikshavn municipalities) and Better Place. 

Chapter 8: focuses on the future potentials of Battery Swap Stations use for freight vehicles.  Firstly it 

ŜƭŀōƻǊŀǘŜǎ ƻƴ ǘƘŜ ǇƻǎǎƛōƛƭƛǘƛŜǎ ŦƻǊ .{{ǎΩǎ ǊŜǘǊƻŦƛǘǎ ŦƻǊ ŦǊŜƛƎƘǘ ǾŜƘƛŎƭŜǎΦ {ŜŎƻƴŘƭȅΣ ǘƘŜ ŎƘŀǇǘŜǊ ǇǊƻǾƛŘŜǎ ǊŜŦƭŜŎǘƛƻƴ 

on the opportunities for BSS deployment at logistics centers for serving electric freight vehicles used for city 

distribution purposes. Findings presented in this chapter are based on the information gathered during the 

interview with Better Place as well as on the basis of work package 7 activity 3 report (co-developed by FDT). 

Chapter 9:  present recommendations regarding BSSs, charging infrastructure and e-mobility development in 

general. This chapter is an attempt to put the issue of BSS into a broader context and reflect not only on how to 

successfully implement battery swap stations, but also on, in which situations and in which locations, it is 

needed and in which situations and in which locations it can occur to be undesired.  

Chapter 10: sums up findings and presents conclusions from the whole report 
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Chapter 1 Charging infrastructure location  criteria  in Denmark with a special 

focus on Battery Swap Stations   
 

1 .1 General location criteria  for Battery Swap Stations  

 Battery Swap Stations are established to ensure that also long drives (more than 120 km) are possible with an 

electric vehicle. Hence, BSSs are placed outside the cities, along the highways and main roads. The main goal is 

to enable drivers to travel between the biggest Danish cities: along the whole άƘƛƎƘǿŀȅ IέΣ consisting of E20, 

E47 and E45. The BSSs network consists of 17 stations and enables travels from Skagen to Copenhagen. The 

distance between BSS is fixed this way, that the biggest distance is 100 km and the shortest is 70 km. BSSs are 

ƴƻǘ ŜȄǇŜŎǘŜŘ ǘƻ ōŜ ƻŦǘŜƴ ǳǎŜŘΤ ŀǎ Ŏŀƴ ōŜ ŦƻǳƴŘ ƻƴ .ŜǘǘŜǊ tƭŀŎŜ ǿŜōǎƛǘŜΣ άΦΦΦonly about 5% of the Danish daily 

trips exceed the battery range, which is 160 km. Therefore, it will be necessary only in exceptional cases to 

change the battery on the way. Normally, charging at a charging stand cover most of residents' daily driving 

needs (Better Place, 2012J).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2άIƛƎƘǿŀȅ IέΣ ǎƻǳǊŎŜΥ (Wikimedia, 2012) 
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Figure 3 .ŜǘǘŜǊ tƭŀŎŜΩǎ .ŀǘǘŜǊȅ {ǿŀǇ {ǘŀǘƛƻƴǎ ƭƻŎŀǘŜŘ ƻǳǘǎƛŘŜ ǘƘŜ ŎƛǘƛŜǎΣ ŀƭƻƴƎ ƳŀƧƻǊ ŎƻǊǊƛŘƻǊǎΦ 

 

The BSS cost is 10-15 million DKK and it is the same as 750 charging spots. This is the reason why BSSs are 

mainly located only along highways, to meet the demand of people travelling long distance ς when the battery 

switch is really necessary. 

Additionally, there are plans to locate several BSSs within ǘƘŜ ŎƛǘƛŜǎΩ ōƻǳƴŘŀǊƛŜǎΣ ǿƘŜƴ ŀ bigger number of 

electric cars will appear on roads. It is because BSSs could be more feasible than FCP for EV drivers living in high 

rise buildings, who do not have a space to install their own home charging station. The reason to establish BSS 

within the cities could be also queuing to FCPs, as the time of charging is still long (20-30 minutes CLEVER FCP; 

Better Place has so far not established FCP, only CP).  

Currently, there was made an effort to locate one BSS in Copenhagen, in Ørestaden. One reason is to advertise 

BSS concept and the second is that a majority of expected first EVs users are living/working there.  

 

1 .2 Specific location criteria  for Battery Swap Stations  

During the interview conducted with Better Place, detailed location criteria considered by this company were 

described, as well as general ones, described previously. They are: accessibility, location/zoning, visibility, 
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security, property price, property size and shape, neighbourhood. Below, a table presenting location criteria 

according to this prioritized under: 

Specific BSS location criteria importance in the Better Place consideration 

Accessibility           1 (50%) 1 (30%) 

Location/Zoning 2 2 (20%) 

Property size and shape 3 3 (10%) 

Visibility from road 3 2 (20%) 

Price 3 3 (10%) 

Security 4 4 (5%) 

Neighbourhood 4 4 (5%) 

Figure 4  Better Place location criteria for BSS in Denmark, (Interview with Thomas Greisen, May 2012) 

                                 

Accessibility is measured as the most important one; its share accounts for around 50% during the decision 

making process. The explanation is simple: poor access to the BSS will cause decreased use of it, despite of  

good visibility. The issue of accessibility was connected mainly with the location close to the road, the 

possibility to enter the BSS enter from both sides of the highway/main road, risk minimisation when turning 

left while leaving/approaching .{{Ωǎ and location outside of traffic-jammed areas.  Therefore, BSS have 

been ,where possible, located close to the highway/main road exits which were accessible from both 

directions. Otherwise, BSS have to be built it in a double number. At one location, in Kildebjerg, Better Place 

did not succeed to achieve it, hence there are 2 BSSΩΣ ƻƴŜ on each side of the highway. 

Zoning and location 

Furthermore location criteria depend on the existing planning system. It is an advantage if a chosen spot is 

already covered by a local plan and if a new does one not have to be established due to changes in land use.  

In Denmark the utility companies has ς by law ς an obligation to supply the requested amount of Amps that 

any customer demand. They are also in their right to charge a price for such demand, at present time a one 

time off fee of DKK 495,- per amp is charged. Therefore quick chargers can be installed anywhere and the utility 

ŎƻƳǇŀƴȅ Ƙŀǎ ǘƻ ǎǳǇǇƭȅ ǘƘŜ ǊŜǉǳŜǎǘŜŘ ŀƳǇǎ ŦǊƻƳ ŀ ƎǊƛŘ ΨŎƻƴƴŜŎǘƛƻƴ ǎǳǇǇƭȅ ōƻȄΩ ƴƻ ŦǳǊǘƘŜǊ ǘƘŀƴ ол ƳŜǘŜǊǎ 



 

18 
 

away from the cadastral, where you plan to put up the charger. Civil works, cabling and connection from the 

ŎƻƴƴŜŎǘƛƻƴ ǎǳǇǇƭȅ ōƻȄ ǘƻ ǘƘŜ ŎƘŀǊƎŜǊ ǿƛƭƭ ōŜ ƻƴ ǘƘŜ ŎƘŀǊƎƛƴƎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƻǇŜǊŀǘƻǊΩǎ ƻǿƴ ŜȄǇŜƴǎŜΦ CƻƭƭƻǿƛƴƎ 

this reasoning BSSs should be located next to the electricity transmission/distribution network and specifically 

next to transformer stations. However, a transformer station is located at each BSS site, it does not need to be 

located close to the general transformer station, but only close to the transmission /distribution network. 

Secondly it would be necessary as, the energy looses while transporting it on distribution network (no more 

than 50 kV, low voltage network) is much higher than on transmission network (no less than 110 kV, high 

voltage network). Access to water and sewage system is also important, when locating the BSS. 

 

 

 

 

 

 

PǊƻǇŜǊǘȅΩǎ ǎƛȊŜ and shape: 

²ƘŜƴ ƛǘ ŎƻƳŜǎ ǘƻ ǘƘŜ ǇǊƻǇŜǊǘȅΩǎ ǎƛȊŜ ŀƴŘ ǎƘŀǇŜ, it should be at least 800 m2, as there should be space for BSS 

building (currently one swapping lane, in the future it is planned to extend with a second lane), 3 parking places 

and the transformer station. The main entrance to the BSS is on the left, when entering the battery swap lane, 

which also determines the required shape of lot. The important thing is to also ensure that none of the cables 

are under the building fundaments. 

 

Figure 6 Kildebjerg: 2 BSSs next to each highway exit, (Google Maps) Figure 5 Kolding: BSS located next to highway exits 
for both directions, (Google Maps) 
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Visibility from the road: 

 

 

 

 

 

 

 

There are planned to be established road signs ƻƴ ǘƘŜ ƘƛƎƘǿŀȅΣ ƴŀƳŜƭȅΥ άBatteriskiftesǘŀǘƛƻƴέ (Battery Swap 

Station). Currently, there is only one in place, in Kolding. Better Place has already applied to EU for the design 

of a common sign for BSSs, but their request has not been yet processed. 

As written above, visibility is also about proximity to places where people stop on their way: fast food chain, 

gasoline stations, rest areas, etc. The main ǊŜŀǎƻƴ ǘƻ ƭƻŎŀǘŜ .{{ǎΩ ƴŜȄǘ ǘƻ ǊŜǎǘ ŀǊŜŀǎ ƛǎ ǘƘŜ Ǿƛǎƛōility issue. Other 

issues like common technical services, maintaining services or bathrooms were not the determining factors.  

Price 

Renting the property is preferred. However, the renting time is desired to be at least 10 years long. In the 

majority of cases, the contract time in Denmark was established for 20 years. If the property had to be bought, 

Figure 8 BSS visibility (Better Place Danmark, 2012) 

Figure 7 BSS's size and shape (Plugincars, 2012) 

Figure 9 BSS location next to rest areas: Nyborg 
 (Google Maps) 
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then it was previously possessed by the municipality in the majority of cases. The price of the property 

includes: property value plus expenses connected with preparation of the property for the building placement. 

Security 

In order to ensure sufficient security at the BSSs, the ŦƻƭƭƻǿƛƴƎ ǎƻƭǳǘƛƻƴǎ ǿŜǊŜ ƛƳǇƭŜƳŜƴǘŜŘΥ ŦƛǊǎǘƭȅΣ ƎƻƻŘ ŀǊŜŀΩǎ 

lighting. Secondly, visibility ŀƭǎƻ ŜƴǎǳǊŜǎ .{{Ωǎ ǎŜŎǳǊƛǘȅ ŀǎ ƛǘ ǊŜǉǳƛǊŜǎ ƭƻŎŀǘƛƻƴǎ ƴŜȄǘ ǘƻ ǘƘŜ ǊŜǎǘ ŀǊŜŀǎΥ ƎŀǎƻƭƛƴŜ 

stations, fast food chains.  

Neighbourhood 

According to Better Place, there are no inconvenient neighbourhoods for BSS location; for instance in Nyborg it 

is located right next to a landfill. The preferred location is next to rest areas: restaurants and gasoline stations, 

where BSS can be visible from or where the sign directing to it can be put. Gasoline stations and fast food 

chains occupy the best accessibiliǘȅ ƭƻŎŀǘƛƻƴǎ ŀƴŘ ǘƘŜǊŜŦƻǊŜ .{{Ωǎ ŀǊŜ ǇǊŜŦŜǊǊŜŘ ǘƻ ōŜ ƭƻŎŀǘŜŘ ƴŜȄǘ ǘƻ ǘƘŜƳΦ  

1 .3 Location criteria for charging points and fast charging p oints  

Better Place has already established charging spots in the 30 biggest cities in Denmark.  Charging Points are 

located only in the cities, as the charging time can take several hours. In order to charge the battery up to 80% 

with a fast charging facility (125 Amps) it takes 20-30 minutes and to charge it with a regular charging (16 

Amps) it takes 6-8 hours, but then the battery is charge close to 100%. Therefore, for some it is more feasible 

to swap the battery at a BSS during long trips than to charge it. Charging points are located within the cities 

where there is people agglomeration: next to the top attractions, like Amusement Parks, ZOOs and shopping 

centres or next to hotels. The location criterion for this was that people stay in these places more than 2-3 

ƘƻǳǊǎΦ ¢ƘŜǊŜŦƻǊŜΣ ŦƻǊ ƛƴǎǘŀƴŎŜΣ ƛǘ ŘƻŜǎƴΩǘ ƳŀƪŜ ǎŜƴǎŜ ǘƻ ƘŀǾŜ ŀ ŎƘŀǊƎƛƴƎ ǎǇƻǘ ƴŜȄǘ ǘƻ ǘƘŜ ōŀƴƪΦ Clever is the 

second biggest company installing charging infrastructure for EVs in Denmark; besides of CP they have also 

implemented quick charging points (QCP). Location criteria of Q/t ŀǊŜ ǘƘŜ ǎŀƳŜ ŀǎ ŦƻǊ /tΥ ǿƛǘƘƛƴ ǘƘŜ ŎƛǘƛŜǎΩ 

borders and next to restaurants and grocery shops.  As can be found on the CLEVER website: άBoth the Quick 

Charge and normal charge can be an option, depending on the type of location. It is since both will be needed 

for charging in residential areas where electric cars typically stand all night ƻǊ ǿƘŜǊŜ ǎƘƻǊǘ ǎǘƻǇǎ ŀǊŜ ƳŀŘŜέ 

(CLEVER, 2012F). Even though there are QCPs located next to highways (in Nyborg and Køge), they are the only 

two while the rest of these facilities are located within the 

cities. This shows what the intended function of QCPs is: 

charging EVs used for short trips ς within cities; for now 

Clever has mainly located their shops on Føtex (supermarket) 

properties. The reason for such location criteria is that QCPs 

are most feasible for short trips, while BSSs are for long trips. 

Neither Better Place nor Clever has located their CPs/QCPs 

within  residential areas. 

Figure 10  Nyborg, location next to the landfill, (Google Maps) 
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Besides of the location criteria for BSSs and CPs considered by Better Place and described in this chapter, the 

Ŧƛƴŀƭ ǎǇƻǘǎ ƭƻŎŀǘƛƻƴ ǿŀǎ ƛƴŦƭǳŜƴŎŜŘ ōȅ ǘƘŜ ǇǳōƭƛŎ ŀǳǘƘƻǊƛǘƛŜǎΩ ŘŜŎƛǎƛƻƴǎ and supported as well. This issue will be 

further investigated in chapter 3 of this report. 

 

 

 

 

 

  

Figure 11 /[9±9wΩǎ ŎƘŀǊƎƛƴƎ Ǉƻƛƴǘǎ ŀƴŘ Ŧŀǎǘ ŎƘŀǊƎƛƴƎ Ǉƻƛƴǘǎ ŀƴŘ .ŜǘǘŜǊ tƭŀŎŜ ŎƘŀǊƎƛƴƎ Ǉƻƛƴǘǎ ƭƻŎŀǘƛƻƴ ƛƴ 5ŜƴƳŀǊƪΣ ǎƻǳǊŎŜΥ (Clever , 
2012C), (Better Place, 2012B) 
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1 .4 Summary and conclusion  

 

¶ Thanks to the location along the H highway, BSSs network makes it possible to drive from the very 

north of Denmark down to Copenhagen (516 km) and to the German border (403 km) without waiting 

for the battery to be charged at a charging station. 

¶ The shortest distance between BSS is 70 km while the longest 100 km. The minimum range of an EV 

(specifically Renault Fluence Z.E.) with switchable battery is 80 km and therefore location of BSS is well 

suited for EVs range. 

¶ The important measures considered by Better Place while acquiring property for BSS establishment 

are: accessibility, location/zoning, property size and shape, visibility from road, price, security, and 

neighbourhood.  

¶ Location is only slightly determined by the existing electricity network location, since each BSS spot 

contains a transformer station, which lowers/increases the voltage as requested.  

¶ BSSs are much more expensive than CPs and therefore they are and will be located mainly where CPs 

use is not feasible: outside of cities, along the highways, where charging time must be short. 

¶ However, there are planned to be built several BSSs within cities limits in the future to enable multi 

storage buildings inhabitants to drive EVs. There were already taken steps to build a BSS in 

Copenhagen (Ørestad), mainly for marketing purposes. 

¶ BSSs are not expected to be used daily by EV drivers. Taking into account that the max range of Renault 

Fluence is 160 km, only 5% of Danes would expectedly use it every day. However if average and 

minimum of a Renault Fluence Z.E. was considered (100 and 80 km), then the share would increase to 

8% and 11% respectively, who would potentially use the BSS on a daily basis due to their commuting 

range. 
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Chapter 2 Legal issues: Grants and Permissions  
 

2 .1 Common p ermissions for all construction sites  in Denmark  

Denmark is in general an investor friendly country if international rankings are taken into account. When it for 

instance ŎƻƳŜǎ ǘƻ ǘƘŜ Ǌŀƴƪ ά5ŜŀƭƛƴƎ ǿƛǘƘ ŎƻƴǎǘǊǳŎǘƛƻƴ ǇŜǊƳƛǘǎέ ŦƻǊ ǿŀǊŜƘƻǳǎŜ ōǳƛƭŘƛƴƎǎ ǇǳōƭƛǎƘŜŘ ōȅ ²ƻǊƭŘ 

Bank in 2012 (World Bank, 2012), Denmark has a 10th position (out of 183 countries).  Taken into account are 

time needed to build (33.3%), costs as % of income per capita (33.3%) and number of procedures (33.3%). 

There is 67 days needed to go through all 5 procedures written into the building permit obtaining process. Cost 

of obtaining all the permissions is 188,875 DKK what accounts for 59.1 % of income per capita in Denmark. 

Comparison of all North Sea Region countries involved into E-mobility NSR program is presented below. 

North Sea Region 

country 

Place in Rank Time (days) Number of 

procedures 

Cost as a % of 

income per capita 

Belgium 51 169 12 53.6 

Denmark 10 67 5 59.1 

Germany 15 97 9 49.7 

Netherlands 99 176 15 107.8 

Norway 60 250 11 33.1 

Sweden  23 116 7 81.6 

United Kingdom 22 99 9 63.8 

Figure 12 Process of construction permits acquiring in North Sea Region countries. Comparison. Source: (World Bank, 2012) 

Considering data shown above it can be reasoned, that the time of BSS set up in other North Sea Region 

countries will take longer time than in Denmark and will be more expensive. Worth mentioning is also that in 

the Danish planning system, permissions once applied for, do not expire. 

The general permissions necessary to be obtained for every construction site in Denmark are: building permit, 

and either local plan or a rural zone permit. Denmark is divided into 3 types of areas: urban areas, rural areas 

and summer house areas. Local plans can concern any of these 3 areas while rural zoning permit applies only to 

rural areas. Rural zoning permit must be accompanied with a local plan when it comes to new constructions 

establishment. A building permit is necessary in all 3 areas and is awarded after all the permissions are 

obtained, including rural zone permit/compliance with local plan.  

In order to obtain all the permissions needed, there must be delivered a documentation concerning technical 

ōǳƛƭŘƛƴƎΩǎ ŘŜǘŀƛƭǎΦ Lǘ ƛǎ ǊŜǾƛǎŜŘ ōȅ ǘƘŜ ƳǳƴƛŎƛǇŀƭ ŀǳǘƘƻǊƛǘƛŜǎ ŀƴŘ ǿƘŜƴ ŀƭƭ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀǊŜ ƳŜǘΣ ŎƻƴǎǘǊǳŎǘƛƻƴ 

of the building can start. Technical documentation must contain:   



 

24 
 

A.  ñDrawings showing level access 

B. ǘŜŎƘƴƛŎŀƭ ŘŜǘŀƛƭŜŘ .{{Ωǎ ōǳƛƭŘƛƴƎ ŘǊŀǿƛƴƎ ƛƴŎƭǳŘƛƴƎ ǎǇŜŎƛŦƛŎ ŘǊŀǿƛƴƎǎ ŎƻƴŎŜǊƴƛƴƎ ǎŜǿŀƎŜ ǎȅǎǘŜƳ ŀƴŘ ŦƛǊŜ 

protection system. 

C. technical property plan, 

D. drawings showing any sound insulation against neighboring properties, 

E. drawings showing the tightness of the building where it is in contact with the soil, 

F. stability calculations, documentation showing load-bearing structure of the building and these showing 

that structures were erected in line with the best building practice 

G. documentation showing that structures and materials are free of any moisture content which would risk 

ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƳƻǳƭŘ ƛƴ ǘƘŜ ōǳƛƭŘƛƴƎ ƻƴŎŜ ƻŎŎǳǇƛŜŘ όŜƴƎƛƴŜŜǊΩǎ ǊŜǇƻǊǘύ 

H. documentation showing that fire safety requirements have been met (in accordance with 

ά9ƪǎŜƳǇŜƭǎŀƳƭƛƴƎ ŦƻǊ ōǊŀƴŘǎƛƪǊƛƴƎ ŀŦ ōȅƎƎŜǊƛ нлмлέ  ŜƭŀōƻǊŀǘƛƴƎ ƻƴ ŦƛǊŜ ǎŀŦŜǘȅ ƳŜŀǎǳǊŜǎ ƛƴ ōǳƛƭŘƛƴƎǎΣ 

I. energy performance framework calculations 

J. heat loss calculations (for conversions) 

K. documentation relating to sewers/drainage 

L. documentation relating to ventilation (The Danish Ministry of Economic and Business Affairs, 2010)έ 

 

In some municipalities it was possible for Better Place to start building before all permits were obtained. 

However, if it occurred that some requirements were not met and the building permit could not be issued, 

then Better Place had to stop the ŎƻƴǎǘǊǳŎǘƛƻƴ ǿƛǘƘƻǳǘ ōƻǊƴŜ ŎƻǎǘǎΩ ŎƻƳǇŜƴǎŀǘƛƻƴΣ ŀǎ ǿŀs learned from 

municipalities (however, such a situation did not take place). 

According to Better Place, the most important permissions to be obtained (needed in order to get building 

permit/rural zoning permit) while setting up a BSS are: transfer of the property from rural to urban zone (the 

making of a new local plan is necessary in this case), rural zoning permit and permissions from the fire 

department and concerning waste water management. The overall time needed to gather all the permissions 

took in the majority of cases few months, but in some locations it consumed up to 2 years. The longest time 

was needed in these municipalities, where a new local plan had to be prepared. 

Building permit 

The physical BSS establishment can start the moment the building permit is awarded, thus it is the final and 

most important permit required to set up a building. However, in order to obtain this permission all other 

requirements must be met: compliment with a local plan or obtainment of a rural zone permit, and obtainment 

of other permissions (described below in ǘƘŜ ǎǳōǎŜŎǘƛƻƴ άƻǘƘŜǊ ǇŜǊƳƛǎǎƛƻƴǎέ). CPs are generally exempted 

ŦǊƻƳ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘ ƻŦ ƻōǘŀƛƴƛƴƎ ōǳƛƭŘƛƴƎ ǇŜǊƳƛǘΣ ŀǎ ǘƘŜȅ ŀǊŜ ǘǊŜŀǘŜŘ ŀǎ ŀ ǎƳŀƭƭ ŎƻƴǎǘǊǳŎǘƛƻƴ ǎƛŘŜ όάƳƛƴŘǊŜ 

ōȅƎƴƛƴƎŜǊέύ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ Danish Building Regulations document (The Danish Ministry of Economic and 

Business affairs, 2007). 
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Figure 13 Distance from residential area 
required for respective environmental 
classes(Kommune Plan , 2005) 

 

Local plan   

A local plan which covering the chosen spot, where the BSS is built is in 

general a required prerequisite to obtain a building permit. Though, it 

can be omitted if the municipality deems that a building does not have a 

significant impact on an area. If the chosen area is already covered by a 

local plan, then a new BSS must meet the terms of this document. If not, 

then a new local plan must be prepared for this specific location. 

Inhabitants play an important role in lƻŎŀƭ ǇƭŀƴǎΩ ŜǎǘŀōƭƛǎƘƳŜƴǘΦ ¢ƘŜƛǊ 

objections against new construction must be considered by the 

municipality. However, inhabitants do not possess a veto; public 

authorities can make decision against the public will, if necessary.  

The procedure of writing down the area to the local plan took 

municipalities from 6 months up to 2 years (the time of waiting is the 

longest in Copenhagen, as the planning rules there are the most 

restrictive ones in whole Denmark). Even though time needed to change 

ǘƘŜ ǇǊƻǇŜǊǘȅΩǎ ǳǎŜ ƛƴ ǘƘŜ ƭƻŎŀƭ Ǉƭŀƴ ǿŀǎ ƭƻƴƎΣ ƛǘ did not slow down 

starting the physical BSSΩǎ ǎŜǘ ǳǇ ǇǊƻŎŜǎǎΦ Lǘ ǿŀǎ ŀ ǎǇŜŎƛŦƛŎ ŀƎǊŜŜƳŜƴǘ 

between municipalities and Better Place: they could start building a BSS 

after all the technical documentation of the building was provided and 

preliminary decision of compliance with the local plan was given. Although, if it occurs that some requirements 

are not met and the building permit cannot be issued, then Better Place has to stop construction without borne 

ŎƻǎǘǎΩ ŎƻƳǇŜƴǎŀǘƛƻƴΦ  aƻǊŜƻǾŜǊΣ ǘƘŜ Ŏƻǎǘ ƻŦ ǿǊƛǘƛƴƎ ƭƻŎŀƭ Ǉƭŀƴǎ ǿŀǎ Ŏƻvered by municipalities.  

As BSSs are generally located outside the cities, along the highways, they are generally covered with a rural 

zone permit and not with a local plan. The situation is converse when it comes to charging points: their 

common location is within core urban areas: next to shopping malls and business centres. However, CP do not 

even require a building permit, they are only obligated to comply with local plans; according to Better Place, 

charging spots can be located more or less everywherŜ ǿƛǘƘƛƴ ŎƛǘȅΩǎ ōƻǊŘŜǊǎ of Copenhagen. Furthermore, in 

some municipalities, Better Place does not have to pay for a spot rented for CP establishment. 

While being written into the local plan, BSS location is, among others, considered regarding environmental 

issues. There are seven environmental classes in the Danish planning system, where first class covers offices 

and small shops and the seventh refers to heavy industry areas such as power plants. In general, the higher 

ŎƭŀǎǎΩǎ ƴǳƳōŜǊ ǘƘŜ ƘŀǊŘŜǊ ǘƻ ƻōǘŀƛƴ ŀ ȊƻƴƛƴƎ ǇŜǊƳƛǘ ŦƻǊ ŀ ǎǇŜŎƛŦƛŎ ǇƭŀŎŜΦ If the business activity is within the first 

class, then it can be located within residential areas, while if classified to the seventh environmental class, the 

distance should be at least 500 meters. Another important issue, included in the local plan requirements is a 

maximum plot ratio established for each property, so to say the percentage of an area which can be built up. 
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Normally, it accounts for 40% for buildings other than houses and semi-detached houses. As BSSs are in most 

cases located in the rural areas (those not covered with a local plan), they are not covered with this limit. 

Therefore a maximum plot ratio can differ from property to property, depeƴŘƛƴƎ ƻƴ ǳǊōŀƴ ǇƭŀƴƴŜǊǎΩ ŘŜŎƛǎƛƻƴΦ 

Rural zone permit 

Rural zone permits are especially important for BSSs as they are generally located at ǘƘŜ ŎƛǘƛŜǎΩ ƻǳǘǎƪƛǊǘǎ ƻǊ ƛƴ 

rural areas ς always next to the highways/main roads. In Denmark it is hard to obtain a building permit at the 

countryside for commercial buildings with functionality different than agriculture, fishing or forestry. The other 

experienced problem connected with obtaining permissions for BSS built in the rural areas is that parcels1 

within these regions are of a large size and according to the Danish law, an additional permit is required to 

divide the parcel and sell only a piece of it ( Randers municipality, 2012); obtaining this permit is especially hard 

in the rural areas. Therefore, when the parcel is too big, Better Place tend to rent it instead of buying.  

Other permissions 

Besides of the local plan/rural zone permit, several others need to be gathered concerning each building in 

5ŜƴƳŀǊƪΥ άŜȄŀƳƛƴƛƴƎ ǘƘe area plan, checking plans and drawings, checking the lot plan, securing fire 

department permission, issuing a temporary building permit, issuing the structural engineer certificate, 

checking the rain water drainage and checking building compliance with tƘŜ wŜŀƭ 9ǎǘŀǘŜ wŜƎƛǎǘǊȅΩǎ ǊŜƎǳƭŀǘƛƻƴǎ 

ŀƴŘ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ǊŜƎƛǎǘǊŀǘƛƻƴ ŀƴŘ ǎǇŜŎƛŦƛŎ ǇǊƻƧŜŎǘǎέ (The World Bank, 2012).  

2 .2 Specific permissions required to set up and run a B attery Swap Station  

Citizens play an important role in the Danish planning system. Their objections against new constructions must 

be considered by the municipality. However, inhabitants do not possess a veto; public authorities can make 

decision against the public will, if necessary. In some municipalities all the permissions besides of local plans 

and rural zoning permit (fire, waste water, traffic, noise and safety) are issued by one department: traffic 

planning section, as BSSs and CPs are elements of transport infrastructure. In some other municipalities 

permissions concerning specific fields are issued by departments specialized in these fields. Nevertheless, 

municipalities try to gather representatives of all these sections around one table together with Better Place at 

the early stage, in order to quicken the process.  

Municipal location criteria (environmental class) 

BSS cannot be located right next to residential areas, as BSSs are generally treated as a similar construction to 

gasoline stations and therefore placed within either 3rd or 4th environmental class. The minimum distance is 50 

m, when it comes to 3rd class and 100 m concerning 4th class. This can be conceived as an incentive from 

municipalities, as according to the Danish Environmental Class system, BSS should be located within 4th class, if 

car washing is present (as this is a requirement for gasoline stations with car wash). Each BSS possess washing 

                                                           
1 Whole Denmark territory is divided into specific cadastrals, which cannot be easily further divided into parts and sold, especially in the rural areas. 
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equipment, as each time four locking points on the battery should be cleaned and (of precaution reasons), 

before the battery can be removed. However, not only can the BSS be treated as a gasoline station, but also as 

a small service industry, and therefore it is not important whether BSS possess washing facilities or not. 

Safety, noise and traffic generated 

Municipalities agreed that BSSs and CPs are not dangerous for the environment so that there is no need for the 

municipality to release a big number of permissions. As Thomas Greisen, BetteǊ tƭŀŎŜΩǎ {ŜƴƛƻǊ bŜƎƻǘƛŀǘƻǊ 

mentioned, during the interview, the only environmental issues to be considered are the fire danger and the 

dealing with waste water.  Regarding the first, municipal fire departments were concerned about high lithium 

flammability. In regards to the latter, water should be stored in containers and then directed to the sewerage 

ǎȅǎǘŜƳΦ bƻ ǇŜǊƳƛǎǎƛƻƴ ŎƻƴŎŜǊƴƛƴƎ ǳǎŜŘ ōŀǘǘŜǊƛŜǎΩ ǳǘƛƭƛȊŀǘƛƻƴ ǿŀǎ ǊŜǉǳƛǊŜŘΦ Iƻǿever, as was learned during 

interviews, the reason for this is not lack of necessity for such a regulation, but rather the early stage of BSS 

implementation; in this moment location criteria and building permit where these of municipal interest. 

On the subject of environmental issues, there was also required expertise connected with generated traffic as 

ǿŜƭƭ ŀǎ ǿƛǘƘ ǘƘŜ ƴƻƛǎŜ ƛƴŘǳŎŜŘΦ IƻǿŜǾŜǊΣ ŀŦǘŜǊ ƛƴǾŜǎǘƛƎŀǘƛƻƴΣ ƛǘ ǿŀǎ ŦƻǳƴŘ ǘƘŀǘ .{{ǎ ŘƻƴΩǘ ƎŜƴŜǊŀǘŜ ŀ ǎƛƎƴƛŦƛŎŀƴǘ 

noise level, as electric cars do not produce it so. Traffic produced would not be currently of the same scale as 

when it comes to this generated by a new gasoline station. Although, question of future level of traffic 

generated holds true. 

2.3 Grants/ incentives provided by the Danish government a nd Danish municipalities  

Municipalities in Denmark support directly charging infrastructure establishment, by e.g. speeding up this 

process. Municipalities also support indirectly BSSs and CPs by supporting electric vehicles spread in their own 

administration, encouraging citizens to use them, facilitating their driving, charging and parking. It is very hard 

to disconnect these issues: policies regarding electric vehicles and charging infrastructure. Hence, both of 

them: directly and indirectly supporting charging infrastructure spread will be described. 

Direct support: 

Danish municipalities possess planning competences and therefore stimulate charging infrastructure spread by 

allowing purchases of public properties for this purpose and by speeding up this process. Though, they do not 

hold rights regarding private properties: shopping centres, gasoline stations and workplaces; municipalities can 

rather say what should not be built there and rarely what should be built there.  

¶ Municipalities enter into contact with Better Place/CLEVER when a private person or a company request a 

new charging facility. Their role is to give Better Place/CLEVER an overview of the situation and direct 

ŎƻƳǇŀƴƛŜǎΩ ƛƴǘŜǊŜǎǘ ƛƴǘƻ ǘƘŜ ǎǇŜŎƛŦƛŎ ŀǊŜŀΦ aǳƴƛŎƛǇŀƭƛǘƛŜǎ ŀƭǎƻ ōǊƛƴƎ ƛƴǘƻ ŎƻƴǘŀŎǘ .ŜǘǘŜǊ tƭŀŎŜκ/[9±9w ǿƛǘƘ 

an interested party.  

¶ Before whole the procedure of issuing permissions starts, municipalities check preliminary if the charging 

infrastructure location is possible on properties which Better Place/CLEVER pointed out as being of 

interest. 
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¶  Also Better Place/CLEVER is provided with detailed maps of the specific properties and of the local plans, 

which cover the location of the possible charging infrastructure. Hence, they can also asses by themselves 

if there is a point in starting the application process for a specific property. 

¶ Before the procedure of issuing permissions starts, municipalities try to arrange a meeting with all the 

authorities issuing respective permits, such as fire brigade, police, traffic planning department, local 

citizensΩ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜȅ ŘƻƴΩǘ ƘŀǾŜ ǘƻ Ǝo from one office to another, asking which 

documents are required since everything is established at the same time. Afterwards, Better Place has to 

send all the required documents and they have already here an overview if they get all the permissions or 

not, as after the meeting they know what exactly can be an obstacle. 

¶ There is only one permit issued by municipalities which companies need to apply for while setting up a 

construction in Denmark: it is building permit. The process of issuing the rest of the permits needed starts 

automatically when application for a building permit is made.  

¶ The BSS can be physically set up before all the permissions are issued. It is possible, but only after all the 

technical documentation of the building is provided and preliminary decision of compliance with local plan 

is given. However, if it occurs that some requirements are not met and the building permit cannot be 

issued, then Better Place has to stop constǊǳŎǘƛƻƴ ǿƛǘƘƻǳǘ ōƻǊƴŜ ŎƻǎǘǎΩ ŎƻƳǇŜƴǎŀǘƛƻƴΦ   

¶ Not only the physical set up of the BSS can start before building permit is obtained, but municipality also 

endeavours to ensure that the threat of building permit refusal is low. Municipality looks for possible 

dispensation, if there appear obstacles concerning local plan compliance. 

¶ In some places, there are already standing signs directinƎ ǘƻ .{{ǎΣ ƴŀƳŜƭȅ άBatteriskiftestationέΦ wƻŀŘ 

authorities agreed to put these signs on the roads, despite of the fact, that the common sign ά.ŀǘǘŜǊȅ 

{ǿŀǇ {ǘŀǘƛƻƴέ is not approved yet for the whole European Union2.  

¶ In some municipalities Better Place does not pay for renting/using the land if the CP is located on public 

property. 

 

Indirect support: 

¶ [ŜƎƛǎƭŀǘƛƻƴ ǎǳǇǇƻǊǘƛƴƎ 9±ǎΥ 9±ǎ ŀǊŜ ŜȄŜƳǇǘŜŘ ŦǊƻƳ ǘƘŜ ǊŜƎƛǎǘǊŀǘƛƻƴ ǘŀȄ όмул҈ ƻŦ ŎŀǊΩǎ ōŀǎƛŎ ǾŀƭǳŜύ ŀƴŘ 

ŀƴƴǳŀƭ ǘŀȄ ǳƴǘƛƭ ǘƘŜ ŜƴŘ ƻŦ нлмрΦ IƻǿŜǾŜǊΣ ǿƘŜƴ ƛǘ ŎƻƳŜǎ ǘƻ 9±ǎΩ ǇǳǊŎƘŀǎŜǎ ƳŀŘŜ ōȅ ƳǳƴƛŎƛǇŀƭƛǘƛŜs, it 

can occur to be a less convincible incentive, as municipalities already purchase cars (diesel, gasoline 

fuelled) without paying VAT όнр҈ ƻŦ ŎŀǊΩǎ ōŀǎƛŎ ǾŀƭǳŜύ. Therefore, it can occur to be that EV is more 

expensive for municipality than this fuelled with traditional fuel resources. Hence, new subsidies for 

EVs should be provided if municipalities are to bring the e-mobility concept into life. Continuously, it is 

an important problem as public authorities are these who should spread innovative solutions, and 

when they do not show a successful example, people will not start using EVs (Dehgan, 2012) 

                                                           
2 As Denmark is a member of EU, all the signs on roads should be standardized.  
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¶ Despite of the fact mentioned above, several Danish municipalities purchase electric vehicles and this 

way show that they are reliable, secure and cost effective.  

¶ In several cities there is free parking for EVs provided. For instance in Frederiksberg (København) where 

several free 2-hour parking zone are located for all car users. Must you park in the parking zone for 

more than 2 hours, you have to purchase a parking license. These P licenses are free for electric cars 

users. As one of the interviewees said, abolishment of parking fees for EVs will attract more users not 

ƻƴƭȅ ōŜŎŀǳǎŜ ƻŦ ŘŜŎǊŜŀǎŜŘ 9±Ωǎ ǳǘƛƭƛȊŀǘƛƻƴ Ŏƻǎǘǎ ōǳǘ ŀƭǎƻ ōŜŎŀǳǎŜ ƻŦ ŦŀŎƛƭƛǘŀǘƛƴƎ ǇŀǊƪƛƴƎ ŀŎǘƛǾƛǘȅ όƴƻ 

more necessary to spend time on buying tickets, choosing number of parking hours, and thinking each 

time about time needed). 

¶ In several cities there are implemented Low Emission Zones. These are restricted areas where it is 

required that diesel trucks and buses over 3 ½ tons are equipped with particle filters that live up to the 

EURO 4 norms or higher. Approved particle filters intercepts approx. 80% of the particles from a diesel 

engine (Miljo Zoner, 2012). In relation to electric vehicles, it means that can be beneficial for 

companies to acquire electric vehicles to their fleet of vehicles as the electric vehicles automatically 

meets the requirements for driving in the zones.  

¶ Municipalities support charging infrastructure spread through parking spaces management; places can 

be reserved for charging reasons so that only electric vehicles can park there.  

¶ Advertising renewable energy sources deployment for electricity supply is another way Danish 

ƳǳƴƛŎƛǇŀƭƛǘƛŜǎΩ ǎǳǇǇƻǊǘ Ŝ-mobility spread. This encouragement coming from the local level is supported 

by the Danish national energy objectives: goal of being 100% fossil fuels independent till 2050 and 50% 

energy production share from wind energy till 2020 (Danish Government, 2011). 

 

2. 4  Summary and conclusion  

 

1. Spread of CPs and BSSs is indirectly but strongly supported by the incentives for EV users provided by 

the national government, such as registration and annual tax exemption as well as provided by the 

municipalities, such as free parking places for EV users, low emission zones, EVs use advertising (EVs 

use by municipalities). 

2. Moreover, if EVs are to be an environment friendly vehicle, use of renewable energy for fuelling them 

must be secured by the national and local authorities. Thus, supporting smart grid and use of wind, 

solar and other renewable energy resources should be treated as a way of supporting BSSs and CPs and 

therefore should become even more intense in Denmark. 

3. Permissions: the lŜƎŀƭ ǇǊƻŎŜǎǎ ƻŦ .{{Ωǎ ǎŜǘ ǳǇ ŎƻǳƭŘ ōŜ ǎƭƻǿŜŘ down (the most common reason in 

Denmark, as mentioned by the interviewee from Randers municipality) by the property sellers, who 

have special requirements concerning the future usage of their property.  Basically, they do not want 

to have a competitor on the sold land (especially company involved in the same business as the owner 

of the sold land is; especially important when it comes to companies competing in the geographical 
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proximity). However, when it comes to BSSs, they are not problematic; they do not create a 

competition to their neighbours.  

4. Permissions: Even though municipalities in general are strongly supporting BSSs establishment, some 

delays also occurred.  

5. There are no financial subsidies for charging infrastructure in place, though the one of EVs purchases is 

provided. The Danish government ensures that until 2015 neither annual taxation nor purchase-tax is 

paid for an EV acquirement. 
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Chapter 3 Charging infrastructure: technical operation and physical setting 

up process 
 

3 .1 A Battery Swap Station: technical operation ôs description 

 
Battery shift process:  

 

For shifting the battery the driver enters a lane, the car proceeds along the conveyor while the automated 

switch platform below the vehicle lower the battery from the ǾŜƘƛŎƭŜΦ ¢ƘŜƴ ǘƘŜ ǇŀǊǘ ƻŦ ǘƘŜ ŎŀǊΩǎ ōƻǘǘƻƳ ǿƘŜǊŜ 

the battery was taken from is cleaned and the 

charged battery is mounted into the car. The 

process takes around 3-4 minutes. The system is 

very simple: inside the station, there are just 

batteries lying on the shelves, a shuttle taking a 

battery out from the shelf and putting it onto the 

robot containing the toolbox, which dismounts 

the battery and ensures the ŎƘŀǊƎŜŘ ōŀǘǘŜǊȅΩǎ 

proper location at the bottom of the car.  

If there is new car model/vehicle type (trucks, 

vans and buses) with other type (shape, size) of 

removable battery launched to the Danish market, 

then they can be served by BSS as well, as Michael 

Salomon from Better Place states. The current 

robot can serve other types of toolboxes necessary 

ŦƻǊ ōŀǘǘŜǊȅΩǎ ǎǿƛǘŎƘ ŀƴŘ ǿƘŜn it comes to the other private car models, the only retrofit needed will be an 

additional function of replacing the currently mounted toolbox with the other one and a different shelf system 

(depending on the battery size and locking mechanism). In case of bigger vehicles, there will be just a need to 

build a second, higher switching tunnel next to the existing one and add larger shelves for bigger batteries. The 

BSS system operation is fully automatic: no worker is needed to operate the BSSs. During the first months there 

are workers there, but their role is just to make the switches more comfortable for first users ς so to familiarize 

them with the system. 

Technical problems connected with battery swapping concern mainly a toolbox which remove the used battery 

and put a new one into the car. When this or other problems occur, customer does not have to call the 

technical service. The station is monitored by the workers at the operating centre, and when a malfunction 

comes/ switching takes too long time, then they see which exact part of the switching process takes longer 

ǘƛƳŜ ǘƘŀƴ ƴƻǊƳŀƭƭȅΦ LŦ ǘƘŀǘ ƘŀǇǇŜƴǎΣ ǘƘŜȅ Ŏŀƭƭ ǘŜŎƘƴƛŎƛŀƴǎ ŀƴŘ ǘƘŜȅ ƭƻƎ ƛƴ ŀƴŘ ŎƻƴƴŜŎǘ ǘƻ ǘƘŜ .{{Ωǎ ƻǇŜǊŀǘƛƻƴ 

system. They try to fix the problem and if it does not work then they come to the station and fix it there. It will 

Figure  14 BSS: Switching tunnel interior, source: own materials 
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be also visible on Oscar tool, that there is a delay and that they experienced malfunction and have to call the 

customer advisor. There is always a car behind the BSS so if the driver does not want to wait 30 minutes he can 

continue the jouǊƴŜȅΦ  ¢ƘŜ ǇŜǊǎƻƴΩǎ ƻǿƴ Ŏŀr will be delivered afterwards ǘƻ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ƘƻƳŜΦ  

 

 

Figure 15 Battery switching process, source: (Better Place, 2012) 

Switching and charging time:  

Switched battery of Renault Fluence (22 kWh capacity) can be fully recharged within 30-60 minutes, as the 

power of the charger is 33 kWh (32 Amps; 172 V). Each switch last 3-4 minutes and the capacity of BSS is 12 

switches per hour. Currently, the biggest BSS in Denmark, Beta Station Gladsaxe has the capacity for 16 

batteries; several have the capacity for 8, which in any case should prove sufficient for the next few years. 

Most stations have 4 chargers and batteries, lesser used stations like Esbjerg have only 2 as there is currently 

no customer basis for more. As Michael Salomon from Better Place said, they will be lucky to have 1-2 switches 

per day this year. Continuously, there is no need for charging time improvements; in the future, when the 
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number of switches will increase, the time can be decreased. But this requires retrofits of the whole system to 

ǿƻǊƪ ŦŀǎǘŜǊΦ ¢ƘŜ ŎƘŀǊƎƛƴƎ ǘƛƳŜ Ŏŀƴ ǾŀǊȅ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ōŀǘǘŜǊȅΩǎ 

temperature: if it is very high, then there is time needed to cool it 

down, before the switch takes place.  

9Ǿ ŘǊƛǾŜǊǎΩ ǎŜǊǾƛŎŜǎ 

EV is permanently connected to the BSS with the use of the 

electronic equipment ς Oscar tool (tool developed by Better Place 

and Renault-Nissan). It provides the driver with the following 

services:  

 

 

¶ directions to the nearest battery switch station or charging stand, 

¶ possibility of routing,  

¶ information about the scope and planning of the next charging or battery replacement, 

¶ warning in case of almost empty battery, 

¶ charging and battery replacement - information about the charging process, such as priority handling and 

charging of battery replacement process (Better Place, 2012H).  

 

 

 

 

 

 

 

Figure 17 hǎŎŀǊ ǘƻƻƭ ǎƘƻǿƛƴƎ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ōŀǘǘŜǊȅΩǎ ƭŜǾŜƭΣ 
source: (Better Place, 2012I) 

  

Figure 16 The BSS interior: a charging rack,  
source: own source 
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3 .2 A Battery Swap Station: p hysical place description  

¶ Inside the building there is 1 line and 4 chargers, shelves filled with batteries and the robot taking the 

used battery out from the car and placing a charged one into the car.  

¶ The capacity of the BSS is for 16 batteries, however the number of batteries differs from BSS to BSS: 

from 2 to 16 (see above).   

¶ ¢ƘŜǊŜ ƛǎ ŀ Ƴƻǘƛƻƴ ŘŜǘŜŎǘƛƻƴ ǾƛŘŜƻ ǎǳǊǾŜƛƭƭŀƴŎŜΣ ǇǊƻȄƛƳƛǘȅ ǎŜƴǎƻǊǎ ŀƴŘ ƭŀǎŜǊ άǿŀƭƭǎέ ƛƴǎǘŀƭƭŜŘ ƛƴǎƛŘŜ ǘƘŜ 

building to make sure that vehicle is located in the correct position to perform a switch and also in 

order to ensure that no one enters with the car and at the exit as well. 
¶ 1 lane is leading to the BSS.  

¶ 3 parking places are secured outside of the building. 

¶ Next to the BSS there is located an electric substation (transformer station), which is both distribution 

substation and a collector substation. It means that energy can not only be transformed to the lower 

voltage (distribution substation) and used by BSS, but also to a higher voltage (collector substation) and 

sent back to the grid with low energy losses. 

  

 

 

 

 

 

 

 

 

Figure 18  Battery Swap Station building exterior, source: own pictures 

  

3 .3  A Battery Swap Stationôs set up process  

Legal issues connected with setting up BSSǎΩ in Denmark are described in chapter 2 of this report, while the 

whole process of collecting permissions is described in details in chapter 7. Focus of this chapter is therefore 

put on the missing part of the process: physical setting up of the BSS building, swapping system integration and 

testing, while the legal side of the course of action is only signalized.  
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Timing       
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Figure 19 Setting up process of BSS 

Obtaining permissions ς The process of BSS set up begins after technology was developed, malfunctions 

corrected and retrofits made (the whole took Better Place 3.5 years). Firstly, preliminary BSS locations are 

chosen and permissions for these spots are trying to be obtained. Timing of this stage varies from municipality 

to municipality:  from 6 weeks up to 7-8 months, as experienced in Copenhagen. When the spot is found and 

Better Place starts negotiation with the municipality, they deliver a comprehensive report on Battery Swap 

Stations and the person responsible for physical set up of previous BSSs explains potential problematic issues.  

Renting/buying property ς The average time for renting/buying varies a lot for the BSS:  from 2 weeks to 6 

month and depends mostly on the owner. Negotiation for a specific lot starts early, before the permissions are 

obtained. However, property is not acquired before all the permissions are gathered, so it is sure that BSS can 

be built at the specific spot. 

BSS ōǳƛƭŘƛƴƎΩǎ ǎŜǘ ǳǇ stage ς Time needed to set up BSS after all the permissions are obtained. The overall time 

needed to put up BSS is 16 weeks, including ground works, plugging in to water, sewage system, electricity and 

telephone interviewsΦ IƻǿŜǾŜǊΣ ƛǘ ǘŀƪŜǎ ƻƴƭȅ н ǿŜŜƪǎ ǘƻ ŎƻƴǎǘǊǳŎǘ ǘƘŜ ǾŜǊȅ .{{Ωǎ ōǳƛƭŘƛƴƎ. It is because all the 

machines are built earlier, so the task afterwards is only to erect a simple construction containing that 

equipment. 

Machines' integration stage ς ƳŀŎƘƛƴŜǎΩ ƛƴǘŜƎǊŀǘƛƻƴ ǘŀƪŜ н ƳƻǊŜ ǿeeks. The first goal is to program the 

ŘŜǾƛŎŜǎ ǘƻ ǿƻǊƪ ǇǊŜŎƛǎŜƭȅΥ ǇƭŀŎŜ ǘƘŜ ōŀǘǘŜǊƛŜǎ ŀǘ ǘƘŜ ŜȄŀŎǘ ǇŀǊǘ ƻŦ ǘƘŜ ŎŀǊΩǎ ōƻǘǘƻƳ ŜǘŎΦ The second important 

task within this step are retrofits. Which are needed as the very first machines for BSSs where very simple 

comparing to what is now. 

Station's integration stage ς stationΩǎ ƛƴǘŜƎǊŀǘƛƻƴ ǘŀƪŜǎ  м-2 weeks, to make sure that all the elements are on 

the right place ς that the software connects to the station and that all of this is up and running. This stage also 

includes sanity testing. 

Testing stage ς Malfunctions creation and toolbox integration with a car are the main tasks and most problems 

occur during this step. An internal requirement is to make 1000 switches with no more than 1 malfunction. 

Basically malfunctions are collected to ensure that when the problem occurs, there will be enough information 

gathered to fix the problem quickly. When that is done there are undertaken 1000 switches with each 

malfunction found, so it means that the process can be prolonged to several thousand switches. And if the 

malfunction or the machine fail is experienced again, it must of course be tried again; some toolbox errors can 

take even 9 or 10 tests, before working correctly. 

6 weeks-8 months 2 weeks - 6 months 

months 

16 weeks 2weeks 1 week 1 week 
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Figure 20 Physical BSS establishment process - main stages, source: own drawing. 

 3 .4  Charging Points and Fast Charging Points technical operation description  

The core focus of this report is put on the new solution BSS. Therefore the technical operation details of the 

charging points in Denmark will be only roughly described. 

FCP&CP technical operation description
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Figure 21 Charging from the home charging station and from the charging spot in public space, 
source: (Better Place, 2012G) 

 


