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PREFACE 
 
This report is the result of a collaborative work of Göteborg Energi, Volvo Cars and Ericsson 
under the name ELVIIS (Electric Vehicle Intelligent InfraStructure), financed by Swedish ICT, 
Region Västra Götaland and Göteborg Energi forskningsstiftelse. This report is the main 
delivery to the latter funder and consists of the background, the concept and the main results 
written by Associate Professor Stefan Pettersson who is Research Manager in 
Electromobility at Viktoria Swedish ICT. Stefan´s role in the project has, among other things, 
been to coordinate the research efforts and to ensure that the scientific contribution from 
ELVIIS is of high quality. The report includes sub-reports, attached as appendices in the end 
of this report, written by researchers at Viktoria Swedish ICT: 
 

1. A research report on Application Development and Open Innovation written by Ph.D. 
Lisen Selander 

2. A research report on Business Models written by Ph.D. Mats Williander 
3. Two research reports on User studies (study 1 and study 2) where the first part is 

written by Ph.D. Maria Nilsson and Ph.D Åsa Rönnbäck, and the second part is 
written by Ph.D. Maria Nilsson and Ph.D. Azra Habibovic. 

 
Valuable proofreading has been done by the CEO of Viktoria Swedish ICT Per-Åke Olsson, 
the originator of ELVIIS, the ELVIIS Project Manager Jonas Didoff, and Associate Professor 
Mikael Lind who is Research Manager in Sustainable Transport at Viktoria Swedish ICT. At 
Viktoria Swedish ICT ELVIIS has be run as a common project within Electromobility and 
Sustainable Transports since the content covers both these areas. 
 
The Viktoria Swedish ICT representatives of the ELVIIS steering group have been Per-Åke 
Olsson, Mikael Lind, Stefan Pettersson and Jonas Didoff.  
 
Besides the people listed above, the Viktoria Swedish ICT ELVIIS research crew also 
consisted of Henrik Engdahl and Tommy Fransson. 
 
The funding from Swedish ICT, Region Västra Götaland and Göteborg Energi forsknings-
stiftelse are very much appreciated and have made ELVIIS a reality. Thanks also to 
Göteborg Energi, Volvo Cars and Ericsson for a nice collaboration. Hopefully, our efforts 
together make a big difference.  
  

The content and conclusions in this report is the 
opinion of the author and may not be shared by 
Ericsson, Volvo Cars and Göteborg Energi. 
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SUMMARY 
 
This report mainly describes research activities 
as part of the ELVIIS program during Oct. 
2011 to June 2013. The overall vision of the 
ELVIIS-program is to contribute to a mass-
adoption of electric vehicles by means of an 
open architecture platform that enables the 
development of future new electric vehicle 
services. The ELVIIS program is cross industry 
cooperation with the target to facilitate the 
ownership and promote a broader acceptance 
of electric vehicles with the use of Information 
and Communication Technology. The ELVIIS-
partners consist of Göteborg Energi, Volvo Car 
Corporation, Ericsson and Viktoria Swedish 
ICT AB. 
 
The ELVIIS program has resulted in a building 
of a technical architecture demonstrator 
platform with implemented services currently 
consisting of charging and billing. The program 
has been financed by Swedish ICT, Region 
Västra Götaland and Göteborg Energi 
forskningsstiftelse. The latter funding has given 
the possibility to study open innovation 
possibilities, business models and user 
experiences. The main part of this report is 
devoted to these areas and a brief summary 
follows. 
 
Regarding the open innovation possibilities, it 
is suggested that a federative ecosystem for 
electric vehicles could be expected to: 
 

- Increase the ability of users, developers 
and data providers to generate new, 
valuable uses that are easy to distribute. 

- Improve the ability to distribute innovations 
across firm specific segments. 

- Change the traditional value chains and 
business models in order to secure a 
distributed revenue flow over actors in the 
federative ecosystem  

- Act Subsidiary in helping smaller or more 
local actors to accomplish their respective 
ends without self arrogating those tasks. 

Furthermore, within the project it has been 
identified that the ELVIIS concept has 
significant merits compared to charging poles 
as a charging infrastructure for electric 
vehicles, not least economically. However, the 

current state of ELVIIS is such that it is not a 
selectable choice for actors who need or 
desire to develop an electric vehicle 
infrastructure because ELVIIS is not 
sufficiently diffused among the actors who 
must adopt it before it becomes usable in 
practice. For a diffusion process to take place, 
certain limitations and incentive issues must be 
solved, and someone must solve them. A 
potential solutions and a potential change 
agent that can make them happen are 
suggested; these are based on interviews and 
discussions with ELVIIS project members 
analyzed through theory on diffusion of 
innovations and adopter discrepancies. 
 
Despite the technical problems occurring 
during the trial period, user experiences have 
been captured and it can be determined that 
the ELVIIS concept present a charging solution 
that would enhance and ease the driving of 
electrical vehicles.  Furthermore, it can be 
concluded that ELVIIS is useful and 
convenient in the day-to-day driving of electric 
vehicles – it provides the ability to easily 
access, check, and control the charging 
process. Most of the users would recommend 
it to a friend or use itself in an electric vehicle. 
In particular, the accessibility and availability 
the smart-phone application provides, presents 
the best ELVIIS features. The web application 
provides the feature least appreciated of the 
ELVIIS concept. In addition, the ELVIIS 
concept provides features that have the 
potential to minimise range anxiety and help 
electric vehicle drivers in utilising the full 
potential of the vehicle range by providing the 
ability to control/check/set/access the 
charging. 
 
The ELVIIS concept has the potential to be a 
much cheaper charging infrastructure solution 
compared to the building of expensive 
intelligent charging poles, advocated by 
charging pole suppliers and utilities. If all motor 
heaters and ordinary outlets can be counted as 
charging points, the number of charging places 
currently suggested by EU is already achieved. 
It is our strong belief that ELVIIS, if 
implemented in large scale, will contribute to a 
quicker mass-adoption of electric vehicles.

http://www.goteborgenergi.se/�
http://www.volvocars.com/�
http://www.volvocars.com/�
http://www.ericsson.com/�
https://www.viktoria.se/�
https://www.viktoria.se/�


 

4 
 

SAMMANFATTNING 
 
Denna rapport beskriver huvudsakligen 
forskningsaktiviteter som en del av ELVIIS-
programmet som pågått från oktober 2011 till 
juni 2013. Den övergripande visionen för 
ELVIIS - programmet är att bidra till en 
massintroduktion av elfordon genom en öppen 
arkitekturplattform som möjliggör utveckling av 
framtida elbilstjänster som förenklar ägande 
och användning. ELVIIS-programmet är ett 
gränsöverskridande industrisamarbete med 
målet att underlätta delaktighet och främja en 
bredare acceptans av elfordon med användning 
av informations- och kommunikationsteknik. 
ELVIIS- parterna består av Göteborg Energi, 
Volvo Car Corporation, Ericsson and Viktoria 
Swedish ICT AB. 
 
ELVIIS-programmet har resulterat i byggandet 
av en teknisk demonstrerbar arkitekturplattform 
inklusive tjänster som för närvarande består av 
laddning och betalning. Programmet har 
finansierats av Swedish ICT AB, Västra 
Götalandsregionen och Göteborg Energi 
Forskningsstiftelse. Den sistnämnda 
finansiären har gett möjlighet att studera öppna 
innovationsmöjligheter, affärsmodeller och 
användarupplevelser. Den största delen av 
denna rapport ägnas åt dessa områden och en 
kort sammanfattning följer . 
 
När det gäller möjligheterna för öppna 
innovationsprocesser föreslås det att ett 
federativt ekosystem för elfordon kan förväntas: 
- Öka möjligheten för användare, utvecklare 

och tillhandahållare av data att generera 
nya, värdefulla lättdistribuerade 
användningsområden. 

- Förbättra förmågan att distribuera 
innovationer över företagsgränserna. 

- Ändra traditionella värdekedjor och 
affärsmodeller i syfte att säkra ett 
distribuerat intäktsflöde till aktörerna i det 
federativa ekosystemet 

- Hjälpa mindre eller mer lokala aktörer för att 
uppnå sina respektive syften utan att 
tillskansa dessa uppgifter . 
 

Dessutom har inom projektet identifierats att 
ELVIIS konceptet har betydande förtjänster 

jämfört med en infrastruktur i form av 
avancerade intelligenta laddstolpar för elfordon, 
inte minst ekonomiskt . Dock är det nuvarande 
läget i ELVIIS så att det inte är ett möjligt val för 
aktörer som behöver eller vill utveckla en 
elbilsinfrastruktur, eftersom ELVIIS inte är 
tillräckligt spritt.   För att en spridningsprocess 
skall äga rum måste vissa begränsningar och 
incitamentsfrågor lösas och någon måste lösa 
dem. En potentiell lösning och en potentiell 
förändringsagent som kan få detta att inträffa är 
föreslagen; dessa är baserade på intervjuer och 
diskussioner med projektmedlemmar i ELVIIS 
som analyserats med hjälp av teorin om 
spridning av innovationer och 
användaravvikelser . 
 
Trots de tekniska problem som uppstod under 
försöksperioden har användarupplevelser 
studerats och det kan fastställas att ELVIIS-
konceptet uppvisar en laddningslösning som 
skulle förbättra och underlätta framförande av 
elfordon . Vidare kan man dra slutsatsen att 
ELVIIS är användbart och smidigt i den dagliga 
användningen av elfordon - det ger möjlighet att 
enkelt komma åt, kontrollera och styra 
laddningen . De flesta av användarna skulle 
rekommendera det till en vän eller själv 
använda tjänsten i en elbil . Smartphone-
applikationer ger den bästa tillgängligheten 
enligt användarna. Webapplikationen är den 
minst uppskattade ELVIIS- funktionen. 
Dessutom ger ELVIIS konceptet funktioner som 
har potential att minska räckviddsångest och 
hjälpa elfordonsförare att utnyttja den fulla 
potentialen av fordonets räckvidd genom 
möjligheten att styra och kontrollera 
laddningen. 
 
ELVIIS-konceptet har potential att bli en mycket 
billigare laddinfrastrukturlösning jämfört med att 
bygga dyra intelligenta laddstolpar, vilket 
förespråkas av laddstolpeleverantörer och 
elförsörjningsföretag. Om alla motorvärmare 
och vanliga butiker kan räknas som laddpunkter 
så har antalet laddningsställen som för 
närvarande föreslagits av EU redan uppnåtts. 
Det är vår starka övertygelse att ELVIIS, om de 
genomförs i stor skala, kommer att bidra till en 
snabbare mass-adoption av elfordon. 

http://www.goteborgenergi.se/�
http://www.volvocars.com/�
http://www.ericsson.com/�
https://www.viktoria.se/�
https://www.viktoria.se/�
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ABOUT THE ELVIIS PROGRAM 
 

Motivation for the ELVIIS program 
One of the world´s key climate targets is to reduce emissions of greenhouse gases in the 
atmosphere. The Swedish parliament has agreed on a climate policy and has set the goal 
that the greenhouse gas emissions in 2020 will be 40 percent lower than in 1990. The 
government intends to gradually increase the energy efficiency in the transport system, 
breaking dependence on fossil fuels, thereby reducing climate impact. In 2030, Sweden 
should have a vehicle fleet that is independent of fossil fuels to reach the target of a net zero 
of greenhouse gas emissions in 2050. 
 
Transport accounts for about a quarter of Sweden’s total final energy consumption [2] and 
the roads (mainly private vehicles, public transport and freight transport by trucks) account 
for the majority (94% in 2012), domestic transport. Although the proportion of renewable 
fuels increase, fossil fuels still account for the majority of use (about 92%). 
 
Vehicles that are charged with electricity (e.g. electric vehicles and plug-in hybrids; electrified 
vehicles in the following refers to these types of vehicle) is a reasonable solution to increase 
the efficiency of road transport and help to reduce global warming (at least if the electricity is 
renewable), reduce the dependence on oil, reducing emissions such as soot and 
particulates, noise reduction, etc. Electric- and hybrid vehicles are pointed out to be an 
important part of tomorrows transport system by the Swedish parliament [1], even though no 
numbers are given. 
 
Despite the positive benefits of electric vehicles, there are very few of them on the market 
today [3]. Fossil fuel vehicles with combustion engines have been developed during more 
than hundred years to a refined product that fits today´s society and people´s expectations in 
form of driving range, refilling time etc. to a reasonable price. Electrified vehicles have not 
been around for a long time, at least not in bigger numbers, which means that the 
development costs still are quite high, mainly dependent on high battery costs but also that 
vehicle compliant electric machines and power electronics are not yet made in big series. 
Electric vehicles have slightly different properties compared to fossil fuel vehicles with 
combustion engines. The positive ones e.g. high performance, more quiet and less 
maintenance are usually subordinate to low driving range, high filling (charging) time and all 
uncertainty that comes with new technology. Furthermore, electric vehicles set other 
demands on the infrastructure than the current vehicle solutions because its energy carrier is 
electricity and not traditional fossil fuels. There are several potential barriers also around the 
charging infrastructure, e.g. lack of charging places and to find and reach the nearest 
charging station, mismatched payment solutions, lack of having an overview (including cost) 
of all vehicle charging, the possibility to separate vehicle charging from household energy 
consumption, charging infrastructure overload, enhancement of peak-charging etc. 
 
IT support in vehicle transports is an enabler for more efficient road transports [4]; this has its 
own name and is usually called Intelligent Transportation Systems (ITS) [5]. Information and 
communication technology is a central concept that is used to emphasize the importance of 
telecommunications in ITS solutions [6]. The motivation for the ELVIIS-program, in which this 
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project is one piece of the puzzle, has been to lower the potential barriers around electric 
vehicles and the charging infrastructure by the use and development of ICT-solutions1
 

. 

ELVIIS Program vision 
ELVIIS is an acronym for “Electric Vehicle Intelligent InfraStructure”. In this program, the term 
"infrastructure" refers to the system platform that is necessary to enable e.g. electric vehicle 
charging and related services around this, and "intelligent" refers to the introduction of digital 
information (i.e. ITS / ICT solutions) in these systems.  
 
The overall vision of the ELVIIS-program is to contribute to a mass-adoption of electric 
vehicles by making it simpler to use and own an electric vehicle, and is realized by 
developing and demonstrating an open ICT platform (including e.g. telematic devices, 
computing devices, displays, etc.) that enables the development of future new services, with 
a special focus on services for electric vehicles. A schematic illustration of the information 
system can be seen in Figure 1. 
 

 
 
Figure 1: Schematic picture of an open information platform for an intelligent electric vehicle 
infrastructure. 

In a first stage, the openness refers to a common exchange of digital information between 
various industry domains (more precisely, in ELVIIS between the vehicle manufacturer and 
the energy company, via the telecom company), in order to realize new future (electric 
vehicle) services. In the long run, openness means the possibility for third-party developers, 
operators, road authorities, etc. (i.e. players other than vehicle manufacturers and energy 
companies) to access the digital information and enable self-service development for the 
benefit of both individual vehicle users and society at large, in terms of congestion reduction, 
reduced search times for charging stations, parking lots, etc., unfortunate stops caused by 

                                                
1 ICT in Swedish is IKT meaning Information och Kommunikations-Teknik. 

User 

User information 

Traffic system 
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API 
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empty batteries in electric vehicles, reducing accidents, etc. In Figure 1, the involved actors 
(electric vehicles, charging infrastructure, electricity, home appliance, communication, traffic, 
etc.) collect and leave the necessary information required to perform various kinds of 
activities and services. The total amount of information is often schematically illustrated by a 
cloud and consists in reality of servers/databases [7][8]. In the open system, third parties are 
allowed to have access to all or part of this information and may develop services for these 
actors and other users based on this information. Access to information is controlled by an 
API (Application Programming Interface) [9] and SDK (Software Development Kit) [10]. 
 
The schematic picture in Figure 1 is part of a smart grid solution [11], where e.g. households 
and wind-power plants etc. are connected through the electric cables and the information 
cloud. As the number of wind-power plants increases, excessive numbers of intermittent 
power energy sources are introduced in the electric grid system which has to be consumed 
by someone. Furthermore, an increasing number of electric vehicles charged from the grid 
introduce a flexible load capacity in the power system. If the consumption of household and 
charging of electrified vehicles are made a little smart, i.e. using e.g. information technology, 
then hardware electricity infrastructure needs not be designed for worst case and 
consequently the costs can be kept down. 
 
It is worth pointing out that much of the platform work done within the program's framework is 
generic and not only applicable for electrified vehicles, but all types of vehicles. There are 
some services that are specific to electric vehicles, but the work platform enables 
development of future services of a more general nature (e.g. finding the nearest vacant 
parking lot), not even related to vehicles as pointed out above. 
 

ELVIIS Partners 
The ELVIIS-partners consist of Göteborg Energi, the local utility company in Göteborg; Volvo 
Car Corporation (shorter referred to as Volvo), the Göteborg-based car manufacturer; 
Ericsson, the world-leading provider of telecommunications equipment and services to 
mobile and fixed network operators; and Viktoria Swedish ICT AB (shorter referred to as 
Viktoria), a non-profit research organization which was the initiator that took contact with the 
other partners in the autumn of 2008. 
 

ELVIIS program financing 
To realize the vision of the ELVIIS-program, a development chain is required where a first 
prototype platform is developed with some basic services, evaluated, refined, evaluated, etc., 
until a product is obtained which is full-fledged for decision on any commercialization. 
Furthermore, several research questions arise around business models, type of services, 
comparison with alternative solutions etc. There have been several different funders for 
different time periods and different parts of the ELVIIS-program. Each part is its own project 
with its problem formulation, purpose and goals; see Figure 2 for an illustration. 

http://www.goteborgenergi.se/�
http://www.volvocars.com/�
http://www.volvocars.com/�
http://www.ericsson.com/�
https://www.viktoria.se/�
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Figure 2: The ELVIIS-program consists of different projects, illustrated by different pieces that together 
form the ELVIIS-program puzzle. Each project has its own problem formulation, purpose and goal. 

 
 
Historically, this project was preceded by one of the Viktoria Swedish ICT (former Viktoria 
Institute) led collaboration initiative on intelligent infrastructure for electric cars involving the 
same partners as in this project (Göteborg Energy, Volvo Cars, Ericsson). In two company-
funded pre-studies in Q2 2009 - Q2 2010, 1.85 million Swedish SEK was spent by the 
partners to create a common understanding of what a digital infrastructure means for electric 
vehicles in form of opportunities and requirements regarding user functions, business and 
technical realization for the automotive industry, energy companies and service providers in 
the telecom sector. The pre-studies are illustrated by the “Pre-study” piece of the puzzle in 
Figure 2. 
 
After the two preliminary studies, an initial application to the InMotion program, financed by 
Region Västra Götaland, with funding requests for 2010, 2011 and 2012 for two of the 
iterations in the development of a prototype platform, and funding by 1.33 million SEK was 
granted for 2010, 1.3 million SEK for 2011 and 1.3 million SEK for 2012. The Region Västra 
Götaland funding only covers Viktoria’s costs, since no targeted industrial subsidies are 
allowed. The financing contributes to the knowledge, standardization, system, development 
of a (part of) the test environment; evaluation of the platform and selected services, and work 
with complementary applications. The Region Västra Götaland - InMotion ELVIIS-project is 
illustrated by the “Region Västra Götaland - InMotion” piece of the puzzle in Figure 2. 

Pre-studies Region Västra 
Götaland  -
InMotion 

Göteborg 
Energi 

forsknings
stiftelse 

Future 
funders 

http://www.vgregion.se/sv/Vastra-Gotalandsregionen/startsida/Regionutveckling/FoU/Program-FoU/InMotion1/�
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In autumn 2010, a project proposal was prepared to the Göteborg Energi forskningsstiftelse, 
and funding was granted with 1.63 million for 2011-2012 to expand the ELVIIS-program and 
give Viktoria the possibility to look deeper into business models, open innovation possibilities 
and user experiences. Swedish ICT (Viktoria’s parent company) matched the financing of 
2011 and funded further 0.815 million SEK to expand the research. The Göteborg Energi 
forskningsstiftelse ELVIIS-project is illustrated by the “Göteborg Energi forskningsstiftelse” 
piece of the puzzle in Figure 2, and this document is the final report for this part of the 
ELVIIS-program financing. 
 
The original plan was to end the Region Västra Götaland - InMotion and Göteborg Energi 
forskningsstiftelse financing by the end of 2012. However, due to technical platform 
problems, both projects were postponed half a year. As a consequence, more financing have 
been added by the partners. 
 
In Figure 2, there is still room for further pieces of the ELVIIS-program puzzle. There is not 
yet any mass-market of electric vehicles and the charging infrastructure is lacking. Much 
knowledge is still needed as the number of electric vehicles on the street and charging points 
increases. Further project possibilities are discussed later on. 
 

THE ELVIIS CONCEPT 
 
A fundamental part of the ELVIIS concept is connected vehicles through the mobile phone 
network, cf. Figure 3. In this way, connected vehicles with internet access is achieved [12] 
which enables a lot of possible services, as discussed earlier and illustrated by Figure 1.  
 
There are several driving forces to have connected vehicles. Safety is one of them. As an 
example can be mentioned e-Call, which is an initiative with the purpose to bring rapid 
assistance to motorists involved in a collision anywhere in the European Union [13]. In case 
of a crash, an e-Call equipped vehicle automatically calls the nearest emergency centre. The 
e-Call system should seamlessly function throughout Europe by 2015. 
 
Other driving forces for having connected vehicles are people’s desire to stream music and 
movies in their vehicles. Furthermore, the rise of Smartphones and application development 
has lead to a desire to have similar possibilities in the vehicle, which requires connected 
vehicles. 
 
Electric vehicles and connectivity has a strong match. In this way, users can check the 
battery status, if the vehicle is charged or not, if the charging plug is connected, and so on. 
Furthermore, with connected vehicles, users can have potential services that tell where 
reachable available (non-used) charging places are located etc. 
 
A large amount of services have been identified in the ELVIIS consortium. However, most of 
these are not publicly available since they are closely related to future business possibilities 
and potentially increased market-shares. It is highly likely that the car manufacturers in the 
future compete with each other more on soft products and application features more than 
engine and powertrain performance, at least for electric vehicles which have more similar 
engine characteristics where the battery mainly sets the driving range performance. 

http://www.goteborgenergi.se/Privat/Projekt_och_etableringar/Forskning_och_utveckling/Forskningsstiftelsen�
https://www.swedishict.se/�
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Figure 3: Connected vehicles through the mobile phone network, which is realized in the ELVIIS-program. 
Two services have been implemented: Charging and Billing. Further services can be added to the 
platform when desired.  

 
Two services that have been developed and implemented on the ELVIIS-platform are the 
most fundamental ones for electric vehicles: Charging and Billing. 
 

Charging 
Electric vehicles need to be charged. Typically, the user connects the cable from the charger 
pole or socket to the car and the car starts to charge immediately (possibly after the user 
have pushed a button) at a charging power set by the limits of the charging pole and the 
vehicle. The charging continues to charge with this power until the battery is fully charged. As 
long as the charging infrastructure locally can deliver the power and the vehicle can receive it 
without overheating, and the number of electric vehicles are few in numbers, then there are 
no problems at all. However, as the number of electric vehicles increases, the situation will 
be different and the amount of power needed to charge them will be substantial, see e.g. 
[14]. If most people charge their electrified vehicles essentially during the same time period, 
typically coming home from work or to the working place, there might be problems to 
distribute the power and there might be electricity power productions problems. As the 
number of electric vehicles increase, the problem might be solved by strengthening the 
distribution grid and building new power plants. However, this is quite an expensive solution. 
 
Another solution is to support the electric vehicle users to be more flexible when charging 
their cars. Having access to a service where the user can start charging the vehicle to some 
defined minimum level and the possibility to tell the system when the vehicle should be fully 
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charged, gives a flexibility for the utilities to charge the vehicle at times that is desirable for 
them. The utilities can then smoothen out the charging and avoid people to charge at peak 
times when much electricity is used. This “peak-shaving” possibility will potentially mean that 
costly investments can be avoided, or at least kept down. A thoroughly description of the 
Charging service in the ELVIIS-program is described in [15].  
 

Billing 
The electricity charged to the electric vehicles is not free but is of course paid by someone2

 

. 
Since the electricity consumed at every charging occasion (the time span when charged the 
vehicle until plugged in the next time) is quite low and there are quite few electric vehicles 
today, the vehicle electricity charging is usually free of charge, unless charged at home 
locations where the payment indirectly ends up on the electricity bill for the household 
energy. This is of course an enjoyable situation and a nice incentive promoting electric 
vehicles. However, as the number of electric vehicles increases, possibly having larger and 
larger batteries, it is reasonable that the vehicle users pay for the consumed electricity. 

Charging at home means that the electricity consumption for the vehicle ends up on the 
electricity bill for the household energy. Today, it is mandatory in Sweden to have a valid 
energy declaration for new buildings and for buildings that will be sold or rented out [16]. In 
this case, it is desirable to credit the household electricity meter for the electricity consumed 
by charging electric vehicles since the consumption can be significant. 
 
A reasonable scenario for tomorrows charging infrastructure is a huge number of different 
actors who wants to get paid for the vehicle charging using different power and energy rates. 
It might most likely be inconvenient to pay individually to all these actors using different 
paying methods (payment cards), at every charging occasion. It is reasonable to assume that 
the vehicle user would like to pay using the same method (card). Furthermore, even though 
the electricity consumed at every charging occasion is low, the added contributions can be 
significant. Since electric vehicles means a new type of technology and it in general will be 
different for people to learn to fill the vehicle with power and kilowatts consuming energy and 
watts, instead of gasoline and diesel in liters, there will be uncertainties in the beginning and 
hard to get an overview of the costs for filling the vehicle unless clearly stated. It seems 
reasonable that the vehicle user would like to have the electricity consumption and costs on 
the same invoice, to have control of their costs. 
 
There are complications involved when the vehicle user should pay for the charging 
electricity. It is simple if the payment is cleared already at the charging occasion (similar as 
when you fill up ordinary fossil fuel as gasoline, diesel etc.). However, if charging at an 

                                                
2 Electricity user is the term used for the consumer or trader who signs a network 
agreement with the owners of the tap point in the network where the consumer's 
consumption facility is connected. An invoice and payment will be directed to the 
electricity user based on the consumed energy, measured by the energy meters at the 
tap point, and a pricing of the energy. We will correspondingly use the term (electric 
implicit and usually neglected) vehicle user for consumers or companies etc. that pays 
for the electricity used when charging the electric vehicle. 
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ordinary outlet where you only plug in the cable and get electricity, then you need to know 
how much energy you have consumed and who you are going to pay to. Doing this at home, 
you might not bother since it ends up on your household electricity bill (but it might not be 
desirable, as mentioned above). Charging at a friend’s house might be another situation. The 
first time, the second time and possibly the third time, your friend might give the electricity for 
free. However, eventually, your friend would like to get paid. One solution is of course to give 
him a Euro or two for the charging, but most probably you would like to more exactly know 
how much energy is consumed and how much it costs for the electricity user. You cannot 
figure this out from the house meter, since the charging energy for the electric vehicle only is 
one of several consumers in the household. To know the exact amount of energy, you need 
to measure at the source, the vehicle. The situation is even more important to solve if you 
charge at an outlet having an unknown electricity user. Then you need to know exactly who 
much energy is consumed and who is the electricity user. 
 
In ELVIIS, the payment is currently solved by measuring the charging energy consumption in 
the vehicle by the voltage and current sensors that needs to be in the vehicle for a proper 
control of the battery, powertrain and vehicle. The amount of energy corresponds to an 
amount of money, given a specified price per kilowatt hours, which is debited the vehicle 
user. Having the electricity user identified means that it is possible to make a compensation 
for the used energy, which is credited the electricity user. In reality, it might be possible to 
have different price settings for the electricity user and the vehicle user. The electricity users 
have their deals with the electricity supplier and the vehicle users might have other deals with 
the same or other electricity suppliers. This opens up a new energy market for electric 
vehicles, which if properly defined, may be beneficial for electric vehicle users. 
 
Identifying the electricity user may be solved in a more or less complicated manner. In the 
end, it is beneficial to have a proper identification that is as cheap as possible. In ELVIIS, the 
identification is based on GPS-positioning. All meters owned by Göteborg Energi has GPS 
(Global Positioning Systems) positions. In the same way, the Volvo-cars used in the project 
have built-in GPS. By matching these positions, the electricity user can mostly be uniquely 
identified. Despite high accuracy of the position measurements, there are cases when a 
proper identification is not possible. If the meters are having the same electricity user with the 
same electricity contracts, the problem is not severe since the electricity user will be credited 
anyway. However, if two or more electricity users are located close to each other, they must 
be separated. The solution discussed today is that the user manually has to enter the 
identification in this case. There are two patents pending around identification of meters and 
GPS-positions, as results of the ELVIIS collaboration. 
 

Implementation and testing 
Within the ELVIIS-program, the platform concept sketched in Figure 3 has been developed 
and implemented in five Volvo C30 electric vehicles leased by Göteborg Energi, together 
with a Charging and Payment service. Feedback has been given by employed people at 
Göteborg Energi, who served as test pilots and who gave useful improvement inputs. To 
have a proper reference case, the first pilot tests were performed during September to 
November in 2011 with standard Volvo C30 electric vehicles without the ELVIIS-platform. 
The second pilot test was performed during March to May of 2013 including the same 
vehicles, but this time with the ELVIIS platform in place. 
 

http://sv.wikipedia.org/wiki/Global_Positioning_System�
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THE ELVIIS INNOVATION CHALLANGES 
 

Innovation orchestration 
To develop an ELVIIS-platform with relevant services involves much work and is complicated 
by the fact that several branches and industries are involved. Traditionally, the utility industry 
makes investments in powerplant and distribution infrastructure on a time horizon of fifty to 
hundred years. Their end-customers essentially are satisfied as long as the electricity is 
distributed properly and expects no further services from the utilities. Historically, thinking in 
terms of customer services so far has not been one of the utilities strong skills, but the 
introduction of more information in the electrical grid opens up for smart grid solutions and 
customer adapted solutions, not least in household products. The ELVIIS-platform and the 
developed charging service can be seen as one solution in this direction. 
 
Car manufacturers traditionally make investments in platforms that generate incomes in form 
of sold cars in a time horizon of ten years. The main products are still selling physical cars, 
even though software products and customer services increases more and more. Today, 
many features of the vehicles lie in software code, which can be updated during the lifetime 
of the vehicle, traditionally at time occasions when the car is at service. The introduction of 
Smartphones and application development in vehicles will speed up the development pace, 
and change how car manufacturer organizes and work around with these questions. Car 
manufacturers have a fairly good picture of the customer’s preferences, at least when it 
comes to making traditional vehicles that differs in hardware. 
 
The telecom industry makes both hardware and software for communication solutions. Large 
investments in hardware infrastructure (cell towers, bases etc.) give lifecycles of around ten 
years. However, this industry also faces products with much shorter cycles, like Smart 
phones etc. Customer services are common in this branch, and the software development, 
like making apps, has short cycles. 
 
The platform and services developed in ELVIIS cannot be developed branch-wise but needs 
to be innovated in cooperation. Information is needed to be sent from vehicles to utilities and 
vice versa, through a communication channel (mobile communication network), to develop a 
proper platform and useful customer services. A successful innovation can only be achieved 
if the involved industries spend a lot of time together and understand each other needs and 
driving forces. It is advantageously if a neutral part can serve as a facilitator, holding the 
conductor pin and make the partners from diverse industries with different conditions, service 
offers, and product cycles, to play together. The conductor is important enabling innovation 
orchestration. 
 
 

Research 
On some level, the successes in delivering platforms like ELVIIS with suitable services, 
requires knowledge in domains like technology, users and business, to make a proper 
system solution that is useful for the society. This requires research knowledge from different 
research disciplines. A technical platform is developed with implemented services requiring 
different engineering and information system skills, user-studies are performed to get user 
inputs and feedback, business model skills are needed to figure out proper offers that all 



 

15 
 

involved actors earn money on. From a research point of view, ELVIIS has served as a nice 
research platform, enabling to answer important questions around the topic. 
 

ELVIIS DISSEMINATION 
 
The official presentation of the ELVIIS work was conducted at 12.30 on February 23rd 2012 
by simultaneous press releases at each company’s websites, see: 
 
Viktoria Swedish ICT 
https://www.viktoria.se/media/news/elviis-svensk-industri-i-samarbete-skapar-framtidens-
plattform-for-laddning-och-tjanster 
 
Ericsson 
http://www.ericsson.com/news/1588202?idx=710 
 
Göteborg Energi 
http://www.goteborgenergi.se/Om_oss/Pressrum/Pressreleaser/Arkiv/Innovation_ 
 
Volvo Cars 
https://www.media.volvocars.com/global/enhanced/en-
gb/Media/Preview.aspx?mediaid=42537 
 
 
The press releases were followed by a project launch at Elysseum in Göteborg on February 
24th 2012. After the release, the interest of ELVIIS has been huge, not to say enormous. As 
an example, 20 hours after the press releases there were more than 110 references to them 
on the web and more than 38 million unique web visitors according to statistics 
from Meltwater. Ericsson confirmed that there was more interest in the ELVIIS press release 
than it usually is for their annual business reports. 
 
A large number of dissemination seminars & presentations have been performed after (and 
before but without mention partners and details) the official presentation of ELVIIS in 
February of 2012. This is an example of such dissemination events in chronological order: 
 

• International Conference "Towards Transnational E-mobility". Göteborg, October 
2011. 

• Viktoria Forum - "ICT for Urban Mobility". Göteborg, December 2011 
• Elysseum - ELVIIS announcement. Göteborg, February 2012. 
• Mobile World Congress (Key-Note Speach by Hans Westerberg CEO Ericsson). 

Barcelona, February 2012. 
• Ericssons Annual Board Meeting. Stockholm, May 2012 
• New City Foundation on future megacities. Paris, May 2012.  

https://www.viktoria.se/media/news/elviis-svensk-industri-i-samarbete-skapar-framtidens-plattform-for-laddning-och-tjanster�
https://www.viktoria.se/media/news/elviis-svensk-industri-i-samarbete-skapar-framtidens-plattform-for-laddning-och-tjanster�
http://www.ericsson.com/news/1588202?idx=710�
http://www.goteborgenergi.se/Om_oss/Pressrum/Pressreleaser/Arkiv/Innovation_�
https://www.media.volvocars.com/global/enhanced/en-gb/Media/Preview.aspx?mediaid=42537�
https://www.media.volvocars.com/global/enhanced/en-gb/Media/Preview.aspx?mediaid=42537�
http://www.meltwater.com/se/products/pr-program/�
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• LoCaRe projektet (Low Carbon Regions) with VGR. Göteborg, May 2012 
• Opening of fast-charging stations. Göteborg, October 2012 
• Kunskapsbaren. HiQ event. Göteborg, October 2012. 
• ITS World Congress. Wien, October 2012 
• e-Mobility Coordination Group CEN-CLC. Bryssel, May 2013 
• DG Energy (EU) meeting with Manuel Sanchez (Team Lead Smart Grids). Bryssel, 

June 2013 
• Swedish Electric Vehicle Academy, Göteborg, May 2013 
• Publication in China - Beijing EV Future Information Technology. Beijing, June 2013 

 
I Media articles have appeared in: 

• engadget.com 
http://www.engadget.com/2012/02/28/elviis-volvo-c30-ev-charges-from-any-
standard-outlet-bills-the/ 

• Ericsson Press-release 
http://www.ericsson.com/thecompany/press/releases/2012/02/1588202 

• Yahoo Finance 
• Reuters 
• More than 1000 articles on the web and in the press (Google ELVIIS and find the 

enormous number of hits) 
• Over 50 million unique clicks after the Barcelona event in February of 2012, 

according to statistics from Meltwater. 
 
So far, one conference paper has been published as a result of the ELVIIS financing [17]. 
More scientific papers are submitted and are planned to be written. 
 
There is no doubt that ELVIIS also has been a media success, and in every presentation 
Göteborg Energi forskningsstiftelse as a financer was highlighted. 
 

ELVIIS PROGRAM RESULTS AND CONCLUSIONS 
 

ELVIIS has resulted in: 

1. A scalable system architecture for an intelligent infrastructure for electric vehicles, 
that is a part of Ericsson’s architecture and strategy of 100 Billion connected devices 
(where cars are one of these internet of things). The electric intelligent infrastructure 
communication is advantageously done by using the existing mobile phone network, 
which is the solution implemented and verified in the project, which keeps the 
communication infrastructure costs down. All vehicles will eventually be connected in 
the future. The eCall service [18] is an initiative with the purpose to bring rapid 
assistance to motorists involved in a collision anywhere in the European Union. The 
objective is to have this system seamlessly functioning throughout Europe by 2015. 
The eCall system communicates through the mobile phone network. Furthermore, by 

http://www.engadget.com/2012/02/28/elviis-volvo-c30-ev-charges-from-any-standard-outlet-bills-the/�
http://www.engadget.com/2012/02/28/elviis-volvo-c30-ev-charges-from-any-standard-outlet-bills-the/�
http://www.ericsson.com/thecompany/press/releases/2012/02/1588202�
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using the existing mobile network, the transfer of all type of data at a high speed 
(which constantly is progressed) is allowed. Hence, it is possible to stream music, 
pictures, movies etc. to and from the car, which is beneficial from a user perspective 
and desired by the customers. 

2. Conclusions are that the power measurements preferably are performed in the 
vehicle. Electrified vehicles are moving electric consumers and it is beneficial to make 
the measurements at the consumption source. Inductive charging [19] is a technology 
that has started to enter the market through companies like Plugless Power, WiTricity 
and Qualcomm to name a few. A reasonable development is to charge stationary at 
first, and later on when the inductive charging technology is mature enough, charging 
also at red-lights and other type of situations where the vehicle stands still or has low 
speed. In the end, continuously transfer of energy while driving is realistic and 
discussions on this topic is ongoing in Sweden [20][21], in Europe [22] and the rest of 
the world. An ongoing debate is whether the continuous transfer of energy should be 
with wires above the vehicle or conductively or inductively under the vehicle. 
Regardless of specific charging technique, it is reasonable to measure the energy 
consumption in the vehicle to simplify payment of the consumed energy. 

The solution to measure the energy consumption in the vehicle differs from others 
suggested, where either the measurement is done in the charging point or the 
charging cable. Making the charging measurements at the charging point is the 
solution that most utilities and suppliers of charging equipment advocate. Having the 
charging measurements in the cable is suggested e.g. by Ubitricity [23]. Having 
intelligent charging posts or cables means a more expensive solution than the one 
suggested in ELVIIS and is not beneficial from a society point of view since more 
expensive solutions will hinder a rapid development towards electrified vehicles. Still, 
these solutions are proposed by utilities and charging post manufacturers since they 
then have control of the charging, the money flow and their own business model. 

There are several advantages of measuring the charging in the vehicle: 

• All existing ordinary power outlets can be used to charge the vehicle, still 
making it possible to bill the power/energy consumption. 

• The costs for the electric charging infrastructure are kept to a minimum since 
all existing power outlets can be used (and there are many of them out there, 
including approximately 800.000 motor heaters in Sweden [24]). Expensive, 
intelligent charging poles are kept to a minimum. 

• There will most likely be more charging points than electric vehicles in the 
society. Only for this reason, the measurement should be in the vehicles to 
keep the total costs for the electric infrastructure to a minimum. 

http://www.pluglesspower.com/�
http://www.witricity.com/�
http://www.qualcomm.com/�
http://www.ubitricity.com/�
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If a certified meter, i.e. one that is allowed to be a valid measurement of energy, is 
allowed to be installed in the electric vehicle, then the accuracy of the measurement 
can be decided and specified. Otherwise, there is a risk that every car manufacturer 
places their sensors in different locations and calculates the charged energy 
differently. Introducing a certified meter in electric vehicles means that the electricity 
and electric vehicle users feel more confident that the debit-credit transactions are 
accurate which probably will be positive for an electric vehicle mass adoption. From 
a government perspective, a statutory on certified meters in vehicles makes it 
possible to introduce and base future electricity fuel taxation on consumed energy. 
Today’s fuels are taxed by over 50% [25] and bring in billions of SEK to the Swedish 
state [26]. Most likely, the Swedish state will not let this income be lost as the 
number of electric vehicles increase. Furthermore, since it is cheap to drive electric 
vehicles due to low “fuel” costs compared to fossil fuel vehicles, the driving distance 
for these vehicles may increase which is bad from congestion point of views. Even 
more, unnecessary driving is not good for the environment regardless of whether the 
transportation is with electric vehicles or not. By base the taxes on consumed 
energy, the development might be in a direction towards smaller and more fuel 
efficient electric vehicles hindering unnecessary driving. The taxation introduction 
needs of course to be introduced slowly and carefully not to unnecessarily hinder a 
mass-adoption of electric vehicles. 

3. The platform architecture allows new services to quickly be developed. Eventually, 
(selected) information will be available to third-party developers speeding up the 
process and providing the users and society with nice and intelligent applications. 
The platform can be used not only for electric cars, but also for “ordinary” vehicles 
where intelligent services can be developed (like finding the nearest free parking 
spot). Volvo Cars and Ericsson are currently working together on a common platform 
recently announced in media: 

• https://www.media.volvocars.com/global/enhanced/en-
gb/Media/Preview.aspx?mediaid=4168  

• http://www.ericsson.com/news/1665573?idx=10&fromDate=2012-12-
01&toDate=2012-12-31  

This collaborative work is partly a result of the ELVIIS-project. 

4. The billing service has been developed within the project in the sense that all 
information from the charging poles owned by Göteborg Energi has been collected 
and based on that information an invoice can be directed to the car owner. As 
mentioned earlier, roaming is not yet solved, i.e. the exchange of information 
between utilities is not yet discussed or solved. 

https://www.media.volvocars.com/global/enhanced/en-gb/Media/Preview.aspx?mediaid=4168�
https://www.media.volvocars.com/global/enhanced/en-gb/Media/Preview.aspx?mediaid=4168�
http://www.ericsson.com/news/1665573?idx=10&fromDate=2012-12-01&toDate=2012-12-31�
http://www.ericsson.com/news/1665573?idx=10&fromDate=2012-12-01&toDate=2012-12-31�
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5. An intelligent loading service has been developed within the project that allows the 
energy companies to have better control of the charging (if the vehicle user allows it). 
This is advantageously from a grid perspective. 

The effect goals (what this project contributes to in the long run) of ELVIIS are: 

• Contribute to the reduction of green house gases (e.g. carbon dioxide), reduced 
emissions, reduced oil-dependence, and less noise, partly since the project is an 
enabler for the broad mass introduction of electric vehicles and partly through the 
enabling of service development that leads to more efficient road transport and 
sustainable mobility. 

• Increase the Swedish competitiveness by positioning the Swedish-localized industry 
in an important area for the future. 

• Integrate vehicle charged with electricity as an important part of smart grid, for the 
purpose of energy planning more efficient and keep costs to avoid designing 
networks for the highest power peaks. This becomes important in the expansion of 
wind power in Sweden. 

• Enabling the creation of business models where new players can develop value-
added services. 

• Develop excellence in Sweden as a breeding ground for new research initiatives, 
innovation and enterprise. 

 

RESEARCH FINANCED BY GÖTEBORG ENERGI 
FORSKNINGSSTIFTELSE 
 
As mentioned earlier, the research financed by Göteborg Energi 
forskningsstiftelse mainly covers the topics business models, 
open innovation possibilities and user experiences in relation to 
the ELVIIS work. 
 
The performed research fits well with the overall formulation 
according to the application. In practice, the open innovation 
possibilities was performed by Ph.D. Lisen Selander who is 
specialized on open innovation, the business model work was 
done by Ph.D. Mats Williander who is specialized on business 
models, and the user experience study was conducted by Ph.D. 
Maria Nilsson, Ph.D. Azra Habibovic and Ph.D. Åsa Rönnbäck, 
the first two specialized on user behaviour and the last one specialized on quality 
management.  
 

Göteborg 
Energi 

forsknings
stiftelse 
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Project fulfilment and deviations 
The original plan was to end the Göteborg Energi forskningsstiftelse financing by the end of 
2012. However, due to technical platform problems, the project was postponed half a year. 
 
The platform that has been developed within ELVIIS supports a large scale introduction of 
electric vehicles in the society. According to the original project plan, the following research 
questions were listed: 
 

1. How are services used in an intelligent infrastructure? 
2. How can an intelligent infrastructure help controlling the charging behavior? 
3. How can services change the driver behavior or vehicle usage? 
4. How can user support and services objectively be evaluated? 
5. How are services and mobile units integrated in the intelligent infrastructure and how 

are they used compared to the functions provided in the vehicle? 
6. How can electric vehicle usage be integrated as a part of co-modal transport 

solutions? 
 
In the light of new knowledge, and the slow pace of electric vehicles in Sweden, only 603 
registered electric vehicles in 2012 [3], and in the rest of the world, not all these questions 
have been studied and answered. Point 1 and 2 (and partly 3 and 4) are to high extent 
addressed by Maria and Azra by performing systematic analysis of self-reported experiences 
of electric vehicle drivers having used the developed concept. The implementation of the 
charging and billing service will probably change the charging behavior but it can in the end 
only be verified by having a large number of electric vehicles on the road, which not yet is the 
case and therefore point 3 cannot be completely answered within the scope of this project. 
To address point 4, the project has utilized a qualitative approach in which interviews with 
end users have been performed. There are several different approaches so a general 
answer to this question is not possible within the scope of this project. Point 5 is solved in the 
existing implementation. Point 6 is only partly a topic for this project since our solution 
hopefully helps the introduction of electric vehicles, but are also a much bigger question that 
are discussed in other projects and forums. Mats work partly helps answering this question 
with his work on business models. 
 
The pace of developing open platforms in vehicles is slower than expected, which have had 
consequences also for this project. IQon (Google SAAB IQon for more references) was the 
first Android-based in-car infotainment system open platform developed by SAAB and 
Viktoria Swedish ICT (Viktoria Institute) where applications easily could be developed by 
third-parties [27]. In this project, it is reasonable to develop the platform within the project, 
and in a later step open up (parts of the) information to third-party developers. So far, the 
participating industry companies have agreed on information exchange between each other 
to be able to implement the charging and billing services. The information is valuable and the 
business model around this need to be developed carefully. In this project, some effort has 
been done to convince the partners the success of open up the information – The work by 
Lisen Selander is one step in this direction. It can finally be said that Viktoria Swedish ICT 
was involved in a EU-project application with partners like Volkswagen, aiming at develop the 
business model around open platforms, making an appstore etc. Volkswagens intention was 
to let the owner of the car also own the car information having the right to sell it to anyone 
who needs it. Unfortunately, the project was not granted due to a late partner drop out and 
consequently quick changes days before the deadline of the application. Nevertheless, the 
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trends towards open platform are clear and will eventually come. The driving forces are 
obviously all peoples desire to decide and control program applications also in their cars. 
 
Roaming will be an important feature for electric vehicles. In mobile telephony, the term is 
usually used when, often automatically, switched from a telecom operator's network to 
another's. In electric vehicle settings, roaming means loosely speaking that you have the 
possibility to charge the vehicle not only at outlets owned by a certain charging company 
(grid, supermarket etc.), but have the possibility to charge the vehicle at other outlets as well. 
To be able to do this, the charging handle hardware must of course fit the socket in the car 
and possible signal communication must be understood. However, even if the handle fits the 
socket and the signal communication works, the electricity transfer might not start until the 
payment is cleared out. It is pointed out in the project description that roaming will be deeper 
studied. The reason for this is two-fold. First, the focus has been on developing the platform 
and billing and charging service and roaming is a next step that needs to be considered 
when the electric vehicle market increase in number of vehicles. Second, solving the roaming 
issues is a project in itself that takes time and resources. Roaming is partly a matter of 
standardization and agreements between utilities, locally in Sweden and globally in Europe 
and the rest of the world. The partner constellation, perhaps excluding Volvo if the question 
concerns payment transfer between utilities, in this project is a part of the ones needed 
solving the roaming issue. Ericsson has much experience of this from the telecom industry 
and has secured that the developed platform may handle roaming issues properly. 
 
To summarize, the project has been kept well within the scope of the original application, 
even thought the project has been delayed half a year. The research on open platform has 
not been implemented yet but merely studied from a research perspective. There is nothing 
in the developed platform that hinders roaming, but how this should be done in detail has 
been decided to be out of the project´s scope.  
 

Budget 
Viktoria Swedish ICT has been granted a total of 1.630.000 SEK from Göteborg Energi 
forskningsstiftelse. Swedish ICT (Viktoria’s parent company) matched the financing of 2011 
and funded further 0.815 million SEK to expand the research. The delay has had the effect 
that Viktoria Swedish ICT had to spend additionally some hundred thousand to extend the 
project. The main activities can be found in Table 1. 
 
 

Activity Hours used Funds used 
(KSEK) 

% 

Research & Reporting 2.108 1.791 73 

Project management 147 125 5 

Research management 251 214 9 

Writing scientific articles 370 315 13 

TOTAL 2.876 2.445 100 
 

Table 1: Main activities in the project financed by Göteborg Energi forskningsstiftelse and Swedish ICT. 

 

https://www.swedishict.se/�
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Deliverables 
The project financed by Göteborg Energi forskningsstiftelse has led to the following research 
report deliverables: 

1. A research report on Application Development and Open Innovation written by Ph.D. 
Lisen Selander 

2. A research report on Business Models written by Ph.D. Mats Williander 
3. Two research reports on User studies (study 1 and study 2) where the first part is 

written by Ph.D. Maria Nilsson and Ph.D Åsa Rönnbäck, and the second part is 
written by Ph.D. Maria Nilsson and Ph.D. Azra Habibovic. 
 

These reports are attached as appendices in the end of this report. Summaries are given in 
the next section. 
 
Furthermore, several scientific publications have been submitted and some are under writing 
and will be submitted during the autumn, for example: 
 
 

• Interacting with Electric Vehicles: emergent properties of information 
sources  (Accepted to Automotive UI 2013) 

• Do users need an intelligent infrastructure for electric vehicles? Experiences from the 
ELVIIS project (Accepted to National conference in transport research) 

• Identifying EV drivers’ needs for information technology to support the EV charging 
process (Accepted to Automotive UI 2013) 

• Charging Electrical Vehicles: the use of ELVIIS to lower barriers of electrical vehicles 
adaptation (Journal article in progress) 

 
 
During the project, research and media news have been followed, as described earlier, and 
presented to the project partners in form of powerpoint slides and discussions in project 
meetings. 
 

RESEARCH REPORT SUMMARIES 
Executive summary of Application Development and Open Innovation 
This report sketches the features of a federative Ecosystem for Electric Vehicles, as to 
increase openness and API (Application Programming Interface) development between third-
party developers, users, and information providers. Put shortly, ELVIIS aims to make leeway 
for enabling an infrastructure for electric vehicle charging. The very idea is that such an 
infrastructure would be of an “open” character, with boundary spanning services.  A sub 
target within the ELVIIS project is to provide an “owner free” information environment in 
which such API’s may be developed and offered. This is seen as a possible way to allow for 
users and external third party developers to develop new services to the electric vehicle 
charging ecosystem. Thus, a core incentive would be to provide free and open information as 
to enable for service and business development. Once established, the simple idea is to 
work collaborative over firm boundaries and to share information to the federation. In this 
report we elaborate upon the forms and possible challenges in creating such an “owner free” 
information platform.  
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Initially this report describes the principles behind open innovation, the core aspects of 
forming a federative community, and potential policy recommendations as to create 
information based collaborations. This document is mainly built upon a literature review and 
a benchmark of current/existing developer federations. Thus, the results of this report should 
be considered as recommendations and guidelines to start off an API federation initiative, 
and as an initial ground for the continuous discussions on creating an ecosystem of services 
surrounding electric vehicles. 
 
In short, we suggest that a federative ecosystem for electric vehicles could be expected to: 

- Increase the ability of users, developer and data providers to generate new, valuable 
uses that are easy to distribute and are in turn sources of further innovation –   
become a driver of open innovation. 

- Improve the ability to distribute innovations across firm specific segments – become a 
driver in creating new alliances. 

- Change the traditional value chains and business models as to secure a distributed 
revenue flow over actors in the federative ecosystem – become an important 
cornerstone in building future business models.  

- Act Subsidiary in helping smaller or more local actors to accomplish their respective 
ends without, however, arrogating those tasks to itself – become a protector of 
smaller actors by asserting the rights of the parts over the whole. 

The full report is attached in Appendix 1. 

 

Executive summary of Business Models 
The goal of the business model activities within the ELVIIS project has been to identify the 
most crucial issues that needs to be addressed so that ELVIIS can become diffused, i.e. 
become a selectable choice in a potential creation of a charging infrastructure for electric 
vehicles. 

 
The purpose is to identify these crucial issues based on well-proven theory applied on data 
gathered from ELVIIS project members, and from that suggest potential solutions so that 
ELVIIS starts its diffusion through adoption by for example grid owners and outlet owners, 
and then later on by owners and drivers of electric vehicles and potentially also by power 
service producers. 
 
The main activities have been literature review, interviews with project members (8), data 
analysis, creation of solution candidates, discussion meetings (4), and solutions selection. 
 
The results are the identification of three “road-blocking” issues for a diffusion of ELVIIS, and 
a discussion on possible change agents. The road-blockers are (the lack of): 

• An energy-roaming standard 
• Incentives for making outlets available for charging 
• A database with GPS information (and more) on these outlets 

 
An identified issue that may be possible to attend to at a later stage in the diffusion process 
is the outlet owner’s risk for theft of energy and power overload.  
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The potential economic value in the ELVIIS concept compared with a network of charging 
poles currently seems to be a concern primarily for the public sector which makes the 
conclusion that a suitable representative for the public sector is the most likely candidate for 
the change agent role, not for ELVIIS as such but for the three listed road-blockers. 
 
The study concludes that the ELVIIS concept has significant merits compared to charging 
poles as a charging infrastructure for electric vehicles, not least economically. But the current 
state of ELVIIS is such that it is not a selectable choice for actors who need or want to 
develop an EV infrastructure because ELVIIS is not sufficiently diffused among the actors 
who must adopt it before it becomes usable in practice. For a diffusion process to take place 
the identified issues must be solved and someone must solve them. This report has 
suggested potential solutions and a potential change agent that can make them happen. 
 
The full report is attached in Appendix 2. 
 
 

Executive summary of User studies and Exploring the Value of the 
ELVIIS Concept 
The goal of the user activities performed within the ELVIIS project has been to (1) explore 
and identify the value of electric vehicle in general, and (2) identify the values of the 
proposed concept in particular.  
 
The purpose has been to inform the on-going development of the ELVIIS concept so that 
recommendations on improvements can be provided for the project members.  
 
The main activities have been to perform semi-structured interviews with drivers using the 
ELVIIS vehicle for 1 month each. A qualitative assessment has been performed in which the 
value driver has been identified, amongst other.    
 
The result consists of the qualitative assessment of the self-reported experiences of the 
participating drivers. In particular, value drivers (positive and negative) has been identified 
and categorised according to 3 dimensions (Product, Service, relationship). In addition, a 
particular focus on range anxiety has relieved attributes and factors important for handling 
range anxiety.   
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Summary study 1: Experience Electrical Vehicles  
For full report see “User study 1” 
 
The first interview study aimed at (1) identifying and describing the perceived value drivers 
(benefits and sacrifices) of EV, and (2) exploring the experience of the information 
technology used in the EVs. The goal with the study is to identify recommendations that can 
be used to improve the EV in general and the ELVIIS service concept in particular. 
 
16 interviews have been preformed with users using EV for 1 month. The participants could 
use the EV both at work and at home. The follow up interviews included open-ended 
question and a word sorting activity to capture their opinions and experiences.  
 
The scope of the work is restricted to the experience of the respondents of the study.  
 
Main findings  
The results revealed 363 value drivers, which describe the perceptions of the interviewed 
users; 163 benefits and 200 sacrifices. These benefits and sacrifices are related to the 
product, the service and the relationship aspects of value. It is noteworthy that the product 
dimension (product customization) and the relationship dimension (image) seem to be 
frequent scopes of value drivers that create value, while the product dimension (alternative 
solutions) and the service dimension (flexibility) seem to be frequent scopes that destroy 
value. 
 
When using adjectives to describe the interface of the EV, the respondents focused on the 
layout-9 words: the ability to find what you look for, the feedback provided, and the handling 
of the display; the appearance- 4 words: the visual appeal and the attributes the vehicle 
provide; and the information access- 18 words: the amount of (duplicated) information 
provided and its presentation. Interestingly, information access had the highest amount of 
positive words (16 words) while the layout had the highest amount of negative words (5 
words).   
 
It was also noted that the information sources are used individually as constant or dynamic 
value to change its functionality, or in combination with other sources to further add value 
(e.g., increase its reliability using more than one source).  
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All respondents identified estimated range as one of the most important information sources. 
Only 3 respondents also identified battery status as important.  
 
Recommendations 
Analysing the frequency of value drivers and their impact, this report highlights a need for a 
reduction in sacrifices, in particular concerning: range, charging and information aspects. 
 
Analysing the usage of the different information sources, this report highlights a need for 
triangulation of information and to make estimated range visually present for the user.  
 
Summary study 2: Experience the ELVIIS concept 
For full report see “User study 2” 
 
The second study investigates the value of the ELVIIS concept developed. The goal of the 
study is to determine the potential of the concept and to provide recommendations for future 
improvements of the concept.  
 
The study consisted of 11 drivers using EV for 30 days in their daily life as a family car. All 
had previous experience of EV from participation in the prior trail performed during 2011.  
 
The follow up interviews included open-ended question and a word sorting activity to capture 
their opinions and experiences. Hence, the scope of the work is restricted to the experience 
of the respondents of the study. The interviews were qualitatively assessed and analysed 
from the perspective of perceived value drivers (benefits and sacrifices). 
 
It can be concluded that the ELVIIS concept is useful in day-to-day driving of EV (control 
charging, easy to access, simple). Indeed, most of the users would recommend it to a friend 
or use it self in an EV. Interestingly the smartphone application is the best ELVIIS feature as 
it provides the user with remote access to the vehicle (in particular battery and range 
information). The evaluation also identified the web application as the worst ELVIIS feature. 
 
The results revealed 326 value drivers, which describe the perceptions of the interviewed 
drivers; 114 benefits and 212 sacrifices. The identified benefits and sacrifices are related to 
the product, service and relationship aspects of the value. These are identified for all three 
applications (in-vehicle, smartphone, web). 
 
In particular, the most common mentioned benefits are the following:  

• Check current range 
• Remote access  
• Fun 
• Easy to use 
• Providing notifications 
• Check progress 
• Cost information overview 
• Charge now button 

 
 
The most common sacrifices are the following:  

• Out of function; 
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• Unsynchronized; 
• Inaccurate; 
• Amperage change only in EV; 
• Lack of charging spot guidance; 
• Different layouts; and  
• Personalization of charging cost. 

 
The comparative analysis of the negative and positive words related to the experience of the 
ELVIIS concept, identified three focus areas:  the suitability of the ELVIIS concept (20 
words), i.e., the fitness of the concept to the daily life of the participants, the attractiveness of 
the service (12 words), i.e., the presentation of the concept to the participants; and the 
usability of the service (19 words), i.e., the interactivity and ease of use of the concept. A 
great majority of these words (45 of 51) are positive, which together with the relatively high 
number of benefits, shows that the drivers of EVs have in general a positive impression of 
the ELVIIS concept.  However, the high number of sacrifices indicates that some further 
improvements are needed. These include adding some new functions to the concept as well 
as a better synchronization of the different applications within the concept, more feedback to 
the users and ability to personalize some functions. A selection of improvements is 
presented below.  
 

• Need a function for changing amperage (Smartphone, web) 
• Need a function for automatic amperage selection when (in-vehicle) 
• Need notifications when EV is charged to a required level, pop-up like an SMS 

(smartphone) 
• Need notifications about the EV state ((Smartphone, web) 
• Need a function for route planning (Smartphone, in-vehicle) 
• Need a function for finding charging spots (Smartphone, web, in-vehicle) 
• A function to associate a given charging spot to a given electricity agreement 

(Smartphone, web) 
• Need a notification when the SOC is getting low while the EV is not used 

(Smartphone) 
• It should be possible to connect several smartphones to one user account 

(Smartphone) 
• Need a function for creating own overview page (Smartphone, web) 
• It should be possible to select own optimization preferences (Smartphone, web) 
• There should be an ”Early Departure” function (Smartphone, web) 
• Text and text fields need to be more user-friendly and possible to change 

(Smartphone, in-vehicle) 
• Dynamic feedback on energy consumption (in-vehicle) 
• It should be possible to plug-in a smart-phone (in-vehicle) 

 
To conclude, it can be determined that ELVIIS provides convenience to the users and most 
of the users would recommend it to a friend or use it self in an EV. More specifically, ELVIIS 
provides a concretisation of the charging experience. The drivers like to set the frames of the 
charging (how, when, where). However, some functionality was difficult to understand such 
as the concept of ”Min range”. In addition, there were a lack of feedback which made the 
systems unnecessary difficult to use. Interestingly, the attributes of the media used (smart-
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phone, web, in-vehicle system) for the interaction with the users influence the experience of 
the concept. That is ”Remote access” is the most common positive value driver. 
 
The full reports, corresponding to study 1 and 2, are attached to Appendix 3a and 3b 
respectively. 
 

POSSIBLE FUTURE PROJECTS 
ELVIIS can be seen as a starting initiative for a number of future possible projects. The most 
obvious ones are projects focused on: 
 

• Roaming. Roaming is most likely important for a mass-adoption of electric vehicles. 
How to achieve roaming is an important question that needs to be addressed and 
discussed. From an initiated source in the utility-sector, the effort to achieve a 
roaming standard should not be underestimated. The driving actors interested in 
solving the roaming issue are probably not the utilities but the Swedish state, cities 
and communities, since they are interested in solving the problem with carbon dioxide 
and other emissions from the transport sector. Since roaming involves also 
communication and data traffic, roaming may be of interest to the telecom sector. We 
cannot expect the vehicle manufacturers to take lead in this development, since their 
main drivers are to sell vehicles, and there is not much money in the business of 
electric vehicles yet. 

• Platform architecture generation II. The current platform architecture (the hardware in 
the vehicle) is not vehicle compliant, which was known from the beginning, but a 
prototype platform. The next generation of the platform should be developed based 
on upcoming communication/infotainment platforms in the vehicle. 

• Open platforms. In due time, the platform should be opened up by providing the 
vehicle information to third-party developers that can make applications on the 
platform. Much work can be around this business possibility and how to set up a 
suitable market place for this. Our hope was to do this in an EU-project, but as 
mentioned earlier, this application was not granted. However, the area is very 
interesting and the right way to go. 

• Electric vehicle services. The most obvious electric vehicle services have already 
been developed and implemented as charging and payment (at least to some parts). 
There are others, for example finding and booking of charging poles, cf. for instance 
[28][29]. In the end, the user decides whether a service is useful or not. A possible 
project would be to discuss upon useful services from a user perspective, an 
economical perspective, a business model perspective and a technical perspective. 
The booking service seems to be a nice feature, but who will pay for loss of income 
for the electricity user if the booked charging pole/place is not utilized or the vehicle 
user is late due to e.g. congestions. If the vehicle user has to pay, the booking service 
may not be of interest. Instead of spending money on booking services and 
expensive charging poles, it might be better to spend the money on many simple 
outlets so that electric vehicle owners know beforehand that the vehicle can be 
charged (you do not book the gas pump beforehand). It seems reasonable to have a 
service locating the different charging possibilities, unless so many of them are 
installed that they are everywhere. Today, it is popular to set up contests to find best 
applications, see e.g. [30]. A similar contest could be set up around electric vehicle 
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services (this was also one of Viktoria’s contribution in the non granted EU-project 
mentioned earlier). 

• Electric charging infrastructure development. This project proposal is on how the 
charging infrastructure should be rolled out in society. So far, some expensive 
charging poles have been installed at sparse locations, some support fast charging 
but most support slow charging. According to www.uppladdning.nu, there are some 
hundred publicly available charging spots currently in Sweden. There are suppliers of 
charging poles that make them intelligent in the sense that they are connected to a 
back-end where the poles are supervised to see if they are working properly. In 
combination with a nice design, the cost of these charging poles are expensive, 
several thousand SEK to ten thousand and even hundred thousand SEK, which the 
electricity user have to pay for. Having a limited amount of money (e.g. for a city) 
means a restricted number of expensive charging poles. Another way would be to 
use existing motor heaters, garage outlets and all other available outlets that exist in 
Sweden. If these can be counted as charging places, the European Union new clean 
fuel strategy [31], where it is pointed out that Sweden has no existing charging points 
but have to have 14000 by 2020, is already fulfilled. Furthermore, should money be 
spent on charging infrastructure, it is wise to spend it on simple outlets since the 
limited amount of money will give a larger amount of charging poles than buying 
expensive ones. This is beneficial from a vehicle user point of view, and leads most 
likely to a faster mass-adoption of electric vehicles. Spending the money on cheap 
charging outlets also reduces the risk of investments in an old technique; it might be 
so that inductive charging is the solution that is desired. This potential project, 
possibly partly combined by the previous suggestion, will be handed in as an 
application this autumn.  

• Smooth charging avoiding energy peaks. So far, the charging application developed 
in ELVIIS only prepares for the utilities to charge when appropriate. However, no time 
has been spent on how to actually smoothing out the energy peaks and this can be 
considered in this potential project. It might be desirable to introduce a price signal 
and a negotiation procedure, which needs to be designed properly to have the 
desired effects and not enhances the peaks. 

 

CONCLUSIONS 
 
The ELVIIS program has several sources of financing and Göteborg Energi 
forskningsstiftelse is one. The findings from ELVIIS are many. For individual utilities it is hard 
to see a quick and obvious business case based on ELVIIS. Unless having a clear agenda 
where one would like to contribute to a sustainable future and transport system, which 
ultimately is a political decision since many utilities are (at least partly) owned and hosted by 
the city or municipality, it might be better to spend the money on investments with quicker 
payback. The drivers for ELVIIS lie more on a community, city or state level. Therefore, it is 
important to spread the results of ELVIIS whenever possible. In the end, it is our strong belief 
that ELVIIS is the right way to go to have a mass-adoption of electric vehicles in a not too far 
future. The financing from Göteborg Energi forskningsstiftelse is very much appreciated, and 
will hopefully have a large impact on tomorrow’s sustainable electrified transports. 

http://www.uppladdning.nu/�
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1 Executive Summary 
This document sketches the features of a federative Ecosystem for Electric Vehicles, 

as to increase openness and API development between third-party developers, users, 

and information providers. Put shortly, ELVIIS aims to make leeway for enabling an 

infrastructure for electric vehicle charging. The very idea is that such an infrastructure 

would be of an “open” character, with boundary spanning services.  A sub target 

within the ELVIIS project is to provide an “owner free” information environment in 

which such API’s may be developed and offered. This is seen as a possible way to 

allow for users and external third party developers to develop new services to the 

electric vehicle charging ecosystem. Thus, a core incentive would be to provide free 

and open information as to enable for service and business development. Once 

established, the simple idea is to work collaborative over firm boundaries and to share 

information to the federation. In this report we elaborate upon the forms and possible 

challenges in creating such an “owner free” information platform.  

 

Initially, this document describes the principles behind open innovation, the core 

aspects of forming a federative community, and potential policy recommendations as 

to create information based collaborations. This document is mainly built upon a 

literature review and a benchmark of current/existing developer federations. Thus, the 

results of this report should be considered as recommendations and guidelines to start 

off an API federation initiative, and as an initial ground for the continuous discussions 

on creating an ecosystem of services surrounding electric vehicles. 

 

In short, we suggest that a federative ecosystem for electric vehicles could be 

expected to: 

- Increase the ability of users, developer and data providers to generate new, 

valuable uses that are easy to distribute and are in turn sources of further 

innovation –   become a driver of open innovation. 
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- Improve the ability to distribute innovations across firm specific segments – 

become a driver in creating new alliances. 

- Change the traditional value chains and business models as to secure a 

distributed revenue flow over actors in the federative ecosystem – become an 

important cornerstone in building future business models.  

- Act Subsidiary in helping smaller or more local actors to accomplish their 

respective ends without, however, arrogating those tasks to itself – become a 

protector of smaller actors by asserting the rights of the parts over the whole.  
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2 Background 
Earlier this fall, Gartner Inc, suggested that 75% of the Fortune 1000 will offer a 

public API by 2014. While many of them still have a long way to go before their APIs 

become a competitive factor, they notice that offering easy-to-use API’s to external 

developers is an upcoming trend. This is, however, not an easy task. Offering API’s 

themselves is not a guarantee to generate good revenue or drive innovation. Rather, 

companies (such as technology and data providers) need to increasingly cooperate as 

to stay abreast of the latest developments.  

 

With innovation taking place both inside and outside the firm boundaries, 

organizations need to come together and agree upon the direction, control, and 

coordination of wholly or partially autonomous individuals or organizations. Since 

such an innovation environment does not rely on employment contracts, it cannot be 

governed by formal authority, as is the case in a hierarchy (Von Hippel and Von 

Krogh 2003). Rather, the proposed model is centered on a federation of actors 

manifested as a trading zone (Galison 1997; Kellogg et al. 2006) whereby shared 

resources, software, and information are provided. At the bottom line, this is about 

giving away data and knowledge for free, believing that these investments will pay off 

better in the hands of the federation. This trading zone coordinates people and 

organizations from different domains, normally innovating at different rates and 

following their own innovation trajectories (Galison 1997). As will be further 

elaborated upon, a central idea of a federation is to facilitate cross-fertilization across 

barriers of competence, technology, and industry.  

 

Anecdotal evidence suggests that participation in innovation ecosystems is no longer 

an option but increasingly a necessity for the individual firm (Selander et al. 2010). 

As digital technology is transforming the business landscape (Evans et al. 2006; 

Tiwana et al. 2010; Zammuto et al. 2007) firms increasingly abandon singular, firm-

centric models of innovation for distributed ones (Boudreau and Lakhani 2009; 
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Brusoni 2005; Sawhney and Prandelli 2000). This shift towards distributed models of 

innovation typically involves participation in alliances, focusing on service and 

application development, content production, or, for instance, device development. 

Once established, such alliances offer a way to tap into knowledge flows across 

organizational boundaries (Basole 2009; Chesbrough et al. 2006; Cohen and 

Levinthal 1990; El Sawy et al. 2010; Simard and West 2006), oftentimes even outside 

the traditional industry boundary (Andersson et al. 2008; Yoo 2010). As Moore noted 

already some 18 years ago, it makes sense to  

 

“…suggest that a company be viewed not as a member of a single industry but as part 

of a business ecosystem that crosses a variety of industries” (1993, p. 76).  

 

Such a view implies ecology-wide innovation, requiring strategies that direct attention 

to resources and capabilities in the external innovation environment (Dougherty and 

Dunne, 2011). The ELVIIS project could be seen as a typical initiative that reflects 

this movement in two ways: by (1) the expansion of alliance partners outside the 

typical industry boundary (i.e. the automotive industry) and (2) by the effort of 

sharing information on a coequal level between large scale actors, and smaller actors.  
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3 Emerging Forms of Cooperation 
Innovation is traditionally studied from an internal firm perspective. The corporate 

R&D department has been the role model for industrial-age organizations for some 

decades. However, the increasingly lower communication and transaction costs are 

setting the stage for increased collaboration across firm boundaries. It is simply less 

expensive to coordinate expertise beyond the local R&D context, providing access to 

a larger pool of competencies than ever would be gathered within the firm. In 

combination with the digitization of physical products, digital technology is pushing a 

new perspective on external contributions in innovation. As a result, we witness how 

innovation is increasingly translated into a distributed open activity, taking place in 

networks or ecosystems rather than within the firm.  

3.1 Open innovat ion 

It has been suggested that an “open strategy” is essential for the firm that whishes to 

lead through innovation. This desire assumes that firms can, and should, use external 

and internal ideas as to reach new paths to new markets. Thus, while recognizing that 

external factors play a role in innovation, the traditional firm-centric model is rather 

defensive in its interpretation of these external sources. While current innovation 

processes within the automotive industry still reflect the legacy of a manufacturing 

paradigm, competitors in consumer electronics and telecom are launching new 

devices, applications, and services at a pace that is out-of-sync with a closed 

innovation paradigm. The financial turmoil has made clear that the automotive 

industry needs to break with its current innovation path and that digital technology 

will play a major role in redefining an industry in crisis (cf. Thrun and Levandowski 

2009). In this path, a new perspective on open innovation is slowly emerging within 

the automotive industry. 

 

The need for cheaper, cleaner, safer, and more convenient cars is pressing, while 
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established ways of working are questioned both inside and outside the industry. In 

view of the competition over automobile information services and concurring with the 

idea of user innovation (von Hippel 2005), openness is considered as a way of 

pushing service innovation closer to those who experience the needs. It is also a way 

to develop new innovation networks with the potential to break with the past 

(Chesbrough et al. 2006, Van de Ven 2005).  

 

The open innovation model includes the assumption that the goals and purpose of a 

design are likely to remain a moving target (Garud and Tuertscher 2008). The very 

idea is to embrace an approach where outside parties take part in the development 

processes, as to create new and better design. Traditionally, in order to maintain 

strategic barriers to imitation, firms tend to prefer proprietary platform strategies. As 

today however, due to cost-effective reasons, we see a shift to platform independent 

“information based” cooperation. These communities are founded for strategic 

reasons rather than ideological, where community participants rely on the actions of 

each other rather than a central platform owner. Because of that, we expect that 

community policies and arrangements will have a first order effect on community 

participation and in motivating activity and innovation. With other words, in order to 

create an open ecosystem for electric vehicles we need to enable for open API’s and 

data sources that may be combined and aggregated in new and unexpected ways. 

Naturally this raises several questions in relation to jurisdiction, collaborative 

composition and distribution of power.  

 

Against this backdrop, the next sections further explore the possibilities in organizing 

the ELVIIS initiative according to a federative structure. We believe that the 

expansion of innovation outside the firm boundary and “owner free” information 

sharing, also need to be fostered by internal autonomy and control. The federative 

concept might help in creating such an environment.  
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3.2 The Federat ive Structure  

It has been suggested that federalism, as an organizational form or type of alliance, 

has the potential to be particularly effective when it comes to information 

management (Davenport et al. 1992). By striking a balance between actors in the 

federation and allowing for a widespread access and distribution of meaningful 

information, it is expected that all parts of the federation may benefit as a whole 

(ibid). The federation then becomes a principle for allocating functions, information 

and recourses, under agreed promises and policies. The distribution of power between 

actors and information owners is typically a major feature of all federal systems.  

 

According to theory, a federation is “a political order that is marked by the 

combination of shared rule and self-rule” (Watts 1998, p.120). This means that each 

federative unit or actor, while sharing government on a specified common purpose, 

still maintains some form of independent power, identity and sovereignty (Watts, 

1998). At the federal level, sovereignty is normally confined to group or international 

relations. Thus, it is suggested that federal arrangements may protect against central 

authorities by securing immunity and non-domination for minority groups (Føllesdal, 

2010).  

 

More so, federations can promote economic prosperity by removing internal barriers 

to trade through economies of scale, by establishing and maintaining inter-member 

unit trade agreements, or by becoming a sufficiently large global player to affect 

international trade regimes (Føllesdal, 2010).  

 

In relation to innovation and openness Sabel (1996) suggests several reasons why 

federations are a beneficial form of cooperation. It is suggested, in particular that: 

• The interplay of the parts and the wholes is expected to produce invaluable 

exploratory knowledge of strategic possibilities not otherwise available (Sabel 

1996). 

mailto:Lisen.selander@viktoria.se�


 
Author(s) Email Date Revision Page 
Lisen Selander Lisen.selander@viktoria.se 20120102 4.0 10 (16) 

 
 

 
10 

 

• Such approaches promise to reveal possibilities and detect dangers that would 

have escaped the attention of even the best central designers and most wide-

ranging local initiatives, producing in the end comprehensive change without 

the defects of omnibus reform or parochialism (Sabel 1996).  

 

As organizations are redefining their operating units and supplier relations, federative 

collaborations are becoming increasingly important in the production of innovative 

services. It has been suggested that federalism strikes a balance between 

(un)integrated smaller actors and larger players. So, in times of financial uncertainty, 

a federative arrangement has the potential to become an effective model for 

cooperation between small and large organizations operating in complex and rapidly 

changing environments.  

 

Birkinshaw and Lingblad (2005) suggested that federative arrangements could be 

divided in two different forms dependent on the types of relationships between the 

actors (or units). They separated between loose federations and tight federations. This 

reminds, to some degree, of the separation made by Føllesdal, (2010) discussing “the 

holding together” form of federalism and the “coming together” form of federalism.  

 

The two forms of federations, according to Birkinshaw and Lingblad (2005), are 

dependent on the level of charter overlap, i.e. the level of overlap between the 

different units/actors incentives in the federation as a whole. The greater the level of 

alignment and coexistence between the actors in the federation, the more tight 

federation. While Birkinshaw and Lingblad (2005) studied intra-firm competition, this 

is partly true for inter-firm federations as well. Thus, every federation needs to 

balance between on the one hand remaining a dynamic community and on the other 

work as a unit to generate collective action (Davenport et al. 1992).  The two different 

forms of federations illustrate yet another core challenge of federative order, that is, 

problems concerning stability and trust. It has been proven that federations tend to 
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drift either in two directions: toward disintegration (loose federation) in the form of 

secession or toward centralization (tight federation) in the direction of a unitary state 

(Føllesdal, 2010). As suggested by Davenport et al. (1995, p. 60-61)  

 

“Federalism requires managers to negotiate with each other in good faith while 

avoiding the temptation to use and withhold information destructively […] 

Federalism strikes a balance between unintegrated independence of the feudal 

baronies and the undifferentiated units under monarchy”. 

 

Given the threats of disintegration or secession, federations typically include a high 

degree of “constitutional politics” as to avoid discussions and tensions related to 

member unit autonomy, forms of cooperation, and how to prevent fragmentation 

(Føllesdal, 2010).  

3.3 Federal order and Thoughts on Consti tutional Polit ics  

There are several reasons of why to engage in a federative arrangement. Initially it is 

about becoming jointly powerful to dissuade external aggressors, and/or to prevent 

aggressive and preemptive competition among themselves. Secondly, it is about 

facilitating coordination, by giving smaller member units influence or even veto over 

policy making. More so, by transferring some powers to a common body, credible 

commitments, certain kinds of coordination, and control over externalities may be 

achieved (Føllesdal, 2010). Third, it is about allowing for information access. Such 

information should be utilized and distributed for the benefit of the whole federation. 

Fourth, it is an effective model for generating collective action and innovation - 

especially for organizations that operates in rapidly changing competitive 

environments. Last, and most importantly, a federative arrangement is built upon the 

idea that coming together enables for knowledge not otherwise available. 

Davenport et al (1992) suggested that the very concept of information ownership is 

antithetical to federalist ambitions. When it comes to information management in a 
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federative constellation, such as ELVIIS, it is important to consider that the: 

• responsibility to ensure data quality rests within the federation  

• responsibility to protect and aggregate raw data rests within the federation 

• responsibility to distribute power between member units are regulated within 

the federation 

• responsibility to maintain sufficient democratic control over central bodies, 

and chains of accountability are regulated within the federation 

3.4 Implications for ELVIIS  

If we were to seriously apply the thoughts and principles that rest within the 

federative concept on a collaborative initiative such as ELVIIS, we would have to 

consider a number of important aspects. Initially we would have to reflect on the very 

incentives behind the alliance/federation. ELVIIS aim to make leeway for enabling an 

infrastructure for electric vehicle charging. The very idea is that such an infrastructure 

would be of an “open” character, with boundary spanning services.  Thus, a core 

incentive would be to provide free and open information as to enable for service and 

business development. The very point is to work collaborative over firm boundaries 

and to share information to the federation.  

 

The firms and actors involved in ELVIIS typically involve a mixture of large data 

providers such as power distributers, car manufacturers, and the municipality as well 

as smaller actors such as application developers and even end users. Thus, we expect 

that a federative form of collaboration could be very fruitful in allowing for 

information sharing, power distribution and service development. In particular we see 

the following:  

 

• In order to allow for information (and power) sharing between actors in the 

ELVIIS federation, it is of most importance to illustrate powerful motives for 

constituent units to be united. And that the interplay of the parts and the 
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wholes is expected to produce invaluable exploratory knowledge of strategic 

possibilities not otherwise available. 

• One needs to recognize that, once established, federal systems are not static 

structures. ELVIIS will have to evolve as to become and remain an attractive 

information sharing platform.  

• Further, it will be central to create an environment in which larger actors and 

smaller actors share the benefits of open innovation while retaining internal 

autonomy and self government. That is, the federation needs to illustrate the 

balance between shared rule (in the federation) and self rule.   

• Fourth, one would have to determine the boundaries of the member units, 

which include not only deciding upon the distribution of power but also the 

form of influence by member units in decision making. That is, for the 

purpose of ELVIIS, the federation needs to agree upon the federative 

arrangements that surround the ELVIIS alliance.  

• Last, as to build solid foundations for stability and trust, the members of the 

federation should agree upon the different forms of cooperation that the 

federative engagement involves. In order to do this, and to remain/create a 

high level of trust and stability, the federation may state important 

“constitutional politics” as to ensure that neither member units nor central 

authorities overstep their jurisdiction.  
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4 Summary and Policy Recommendations 

The literature review of federalism and open innovation points to three broad 

conclusions. First, in the context of increased openness and information sharing 

between stakeholders of different magnitude, combining shared rule with self rule 

may provide a practical way of combining the benefits of engaging in ELVIIS and the 

responsibilities in sharing information. Second, in line with the open innovation 

literature ELVIIS would be able to provide a forum where data and knowledge is 

provided for free, believing that these investments will pay off better in the hands of 

the federation. Third, by striking a balance between actors in the federation and 

allowing for a widespread access and distribution of meaningful information, it is 

expected that all parts of the ELVIIS federation may benefit as a whole. The 

federation then becomes a principle for allocating functions, information and 

recourses, under agreed promises and policies. 

 

Against this reading, we expect the ELVIIS federation to strive towards the following 

policy recommendations: 

 

- Increase the ability of users, developer and data providers to generate new, 

valuable uses that are easy to distribute and are in turn sources of further 

innovation –   become a driver of open innovation. 

- Improve the ability to distribute innovations across firm specific segments – 

become a driver in creating new alliances. 

- Change the traditional value chains and business models as to secure a 

distributed revenue flow over actors in the federative ecosystem – become an 

important cornerstone in building future business models.  

- Act Subsidiary in helping smaller or more local actors to accomplish their 

respective ends without, however, arrogating those tasks to itself – become a 

protector of smaller actors by asserting the rights of the parts over the whole.  
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Summary business issues  
 
 

The goal of this report is to identify the most crucial issues that needs to be addressed so that 
ELVIIS can become diffused, i.e. become a selectable choice in a potential creation of a charging 
infrastructure for electric vehicles. 
 
The purpose with this report is to identify these crucial issues based on well-proven theory applied 
on data gathered from ELVIIS project members, and from that suggest potential solutions so that 
ELVIIS starts its diffusion through adoption by for example grid owners and outlet owners, and 
then later on by owners and drivers of electric vehicles and potentially also by power service 
producers. 
 
The main activities have been literature review, interviews with project members (8), data 
analysis, creation of solution candidates, discussion meetings (4), and solutions selection. 
 
The results are the identification of three “road-blocking” issues for a diffusion of ELVIIS, and a 
discussion on possible change agents. The road-blockers are (the lack of): 

• An energy-roaming standard 
• Incentives for making outlets available for charging 
• A database with GPS information (and more) on these outlets 

 
An identified issue that may be possible to attend to at a later stage in the diffusion process is the 
outlet owner’s risk for theft of energy and power overload.  
 
The potential economic value in the ELVIIS concept compared with a network of charging poles 
currently seems to be a concern primarily for the public sector which makes the conclusion that a 
suitable representative for the public sector is the most likely candidate for the change agent role, 
not for ELVIIS as such but for the three listed road-blockers. 
 
The report concludes that the ELVIIS concept has significant merits compared to charging poles 
as a charging infrastructure for electric vehicles, not least economically. But the current state of 
ELVIIS is such that it is not a selectable choice for actors who need or want to develop an EV 
infrastructure because ELVIIS is not sufficiently diffused among the actors who must adopt it 
before it becomes usable in practice. For a diffusion process to take place the identified issues 
must be solved and someone must solve them. This report, attached in appendix 1, has suggested 
potential solutions and a potential change agent that can make them happen. 

 
 
 
 
 



 

 

1. Introduction 
This work package (III) looks into business issues for an open platform for services in an intelligent 
charging infrastructure for electric vehicles (ELVIIS).  
 
This report’s objective differs somewhat from the work package objective stated in the application for 
funding, which was on possible business models for platform owners and third-party developers in the 
double-sided market that ELVIIS can constitute.  
There are three primary reasons for this: 1) There is already a significant body of research done and 
going on around platforms and multi-sided markets, not least because of the success of Apple with 
iPod/iTunes and iPhone/iPad and AppStore (Armstrong, 2006; Cusumano, 2010; Economides & 
Katsamakas, 2006; Eisenmann, Parker, & Alstyne, 2006; Ghazawneh & Henfridsson, 2013; Rochet & 
Tirole, 2003; Tiwana, Konsynski, & Bush, 2010). There are limited reasons to believe that theory 
can’t apply to ELVIIS; 2) The issue that ELVIIS differs from other multi-sided market because the 
platform may end up being collectively owned rather than owned by one company can be addressed 
by theory on rules and regulations for common resources (Ostrom, 2011) or through a federative 
concept (Selander, 2012) rather than theory development of multi-sided markets. The risk for a 
collectively owned platform diminished however during the course of the project; 3) There are signs 
that the speed with which electric vehicles will penetrate the market has been over-optimistic and may 
take considerably longer 1 . The EU Commission believes it may depend on a lack of charging 
infrastructure and wants to see a rapid development to take place2

 

. This increases the pressure on 
infrastructure development and decrease expectations on the market value and growth for EVs and EV 
services.  

It hence became more important to focus on how to rapidly get the ELVIIS concept diffused, i.e. how 
to ensure that the ELVIIS concept can establish itself as an selectable alternative to dedicated charging 
posts rather than focusing on EV services if ELVIIS would become exploited. By having this new 
objective for work package III, we may contribute to a development of EV charging infrastructure 
significantly faster, with much less effort and at a considerably lower total cost for society. 
 
The aim of this report is to look into how the ELVIIS concept can become diffused. By gathering 
information from the project through interviews and meeting with project members, and apply the 
perspective from theories on diffusion of innovations on those findings, a suggestion how to move 
forward with ELVIIS is presented. 
 
The theoretical frame description in the next section is hence used for building a suggestion for action 
rather than constituting a platform for theory development. 
 
2. Theoretical frame 
This section describes the key concepts used: diffusion of innovations and the chasm between early 
adopters and early majority which we consider being the most important theoretical frame for this 
report. 
 
                                                
1 http://www.theaustralian.com.au/news/breaking-news/electric-cars-slow-to-take-off-in-germany/story-fn3dxix6-
1226653161009 read 2013-06-18 
http://www.theengineer.co.uk/blog/uk-electric-car-take-up-is-slow-while-carmakers-charge-ahead/1016123.article 
read 2013-06-18 
http://www.gizmodo.com.au/2012/01/electric-cars-off-to-a-slow-start/ read 2013-06-18 
http://blogs.detroitnews.com/overdrive/2013/04/12/slow-selling-european-electric-cars-ending-up-in-rental-
fleets/ read 2013-06-18 
2 http://europa.eu/rapid/press-release_IP-13-40_en.htm#PR_metaPressRelease_bottom read 2013-06-04 
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Diffusion of innovation is the issue of how members of a social system adopt a new innovation 
(Moore, 2002; Rogers, 2003). The general research on diffusion of innovations has both a non-
commercial and a commercial perspective, for example how to get people in certain regions to adopt 
to certain habits to reduce the spread of diseases or how to get farmers to adopt to gene-modified 
crops. In this report, we focus on the commercial aspects only. 
 
With a commercial perspective, the notion social system may be replaced with a market or a market 
segment, adoption is about buying, and the innovation is often a new product or service. We will 
examine diffusion of innovation more in Section 2.1. 
 
The chasm between early adopters and the early majority of adopters refers to an established 
classification of adopters and an identified significant difference in logic between why early adopters 
and why early majority adopts an innovation (Moore, 2002). If the change agent doesn’t address that 
difference correctly, the diffusion process may be delayed or even halt completely. The theory behind 
the chasm is examined more in Section 2.2.  
 
 
2.1 Diffusion of Innovations 
There are two main actor roles and one innovation to consider in the diffusion of innovations (Rogers, 
2003): The change agent, which often is a company in commercial situations but potentially also 
society if the innovation provide solutions to societal problems; the potential adopters, i.e. potential 
paying customers to the innovation; and finally the innovation with the attributes it has relative to the 
current practice it address. 
 
Diffusion of an innovation is an uncertainty reduction process. As individuals pass through the 
innovation-decision process, they seek information in order to decrease uncertainty about the relative 
advantage of an innovation. Potential adopters want to know the degree to which a new idea is better 
than an existing practice (Rogers, 2003). 
 
The relative speed with which potential customers adopt an innovation depends on the characteristics 
of the innovation and on the characteristics of the potential customer (Rogers, 2003).  
 
2.1.1 Change agent 
The change agent is normally in commercial situations the company who wants the innovation to 
become used and gain in market share. In non-commercial situations, the change agent can be 
authorities, companies, non-governmental organizations, religious organizations and so forth. 
 
In large technological systems (Hughes, 1987), a catch-22 situation can easily develop, for instance 
when plug-in vehicles requires a charging infrastructure but the charging infrastructure requires plug-
in vehicles. No one wants to invest in one before seeing sufficient investments in the other. One can 
view this as a diffusion situation without a sufficiently motivated change agent. In such situations, 
governments may have to play a change agent role, at least initially and especially if the common 
good or urgency is high while the private good may be questioned. From that viewpoint, the 
previously mentioned EU Commission directive can be seen as a deliberate governmental change 
agent act. 
 
2.1.2 Potential customers 
There are five main potential customers (adopters): Innovators, early adopters, early majority, late 
majority and laggards. Within a social system, let’s say a market segment, its members divide into the 



 

 

five adopter categories in roughly the following percentages (Moore, 2002, p. 12; Rogers, 2003, p. 
281): 
 

Innovators, 2.5% 
Early Adopters, 13.5% 
Early Majority, 34% 
Late Majority, 34% 
Laggards, 16% 

 
Innovators and early adopters are often individuals engaged in the issue the innovation is a solution to. 
Because of this engagement, they “want it to happen” and “want to be part of it” but they also want to 
be associated with “the new” and “the future”. They may accept offer deficiencies and may even 
contribute to make the innovation better through dialogue with the change agent. The early majority 
however expects the innovation to be full-fledged. They buy an innovation because they expect it to 
enrich and improve their lives. If it fails, they rather tell their friends than the change agent (c.f Moore, 
2002). Nobel prize winning theory suggests that there is an asymmetry in peoples’ perceptions of 
gains and losses (Kahneman & Tversky, 1979). The perceived punishment of losing is greater than the 
perceived joy of winning an equal amount of value. Outcomes are perceived as gains and losses 
relative to a reference point rather than state of wealth. This means that even a small disincentive 
relative to a current state may be magnified to become an obstacle in a diffusion process. 
 
2.1.3 Characteristics of an innovation 
Most of the variance in relative speed with which an innovation is adopted is explained by five 
attributes: Relative advantage; Compatibility; Complexity; Trialability; and Observability (Rogers, 
2003). 
In addition to these five perceived attributes, four additional attributes affect the adoption rate but to a 
lesser extent (ibid): 
 

6. The type of innovation decision: The more persons involved in making an innovation-
decision, the slower the rate of adoption. 

7. The nature of communication channels: The more interpersonal channels (rather than 
mass media channels) the slower rate of adoption. 

8. The nature of the social system: Norms and degree of network interconnectedness. 
9. The extent of change agents’ promotion efforts in diffusing the innovation: is not linear or 

direct. The greatest response to change agent effort occurs when opinion leaders adopt 
which usually occurs at 3-16 % adoption (critical mass). 

 
I will not examine the four latter attributes and not all five of the more important attributes but focus 
on the most important ones for this project. The ones not addressed are stated here with an argument 
for each why it can be left unaddressed: 
 
Compatibility: is the degree to which an innovation is perceived as consistent with the existing values, 
past experiences and needs of potential adopters. It is about sociocultural values and beliefs, 
compatibility with previously introduced ideas, and to what extent the innovation meets a felt adopter 
need. Electricity and charging are nothing new for most citizens, for instance in the use of mobile 
phones and laptop computers. The need for EVs and a charging infrastructure may be less felt by car 
OEMs and the general public but is an issue of growing concerns for authorities. This need, or lack of 
it, is handled in the Relative advantage section. 
 



 

 

Complexity: is the degree to which an innovation is perceived as relatively difficult to understand and 
use. Although ELVIIS can be seen as quite complex, it can be described for different actors from 
different perspectives that make it easy to understand for each of them. 
 
Trialability: is the degree to which an innovation may be experimented with on a limited basis. This 
may be important for EV users but since ELVIIS needs to be diffused in beforehand of EVs, this can 
be addressed later. 
 
2.1.3.1 Relative Advantage 
The relative advantage is the degree to which an innovation is perceived as being better than the idea it 
supersedes. The nature of the relative advantage is often economical or social. The status aspect seems 
to be more important for innovators, early adopters and early majority than for the late majority and 
laggards (ibid). 
Relative advantage is one of the strongest predictors of an innovation’s rate of adoption. 
Sub dimensions of relative advantage include (ibid): 

• Economic profitability 
• Low initial cost           
• A decrease in discomfort       
• Social prestige  
• A saving of time and effort 
• Immediacy of reward 

 
 
2.1.3.2 Observability is the degree to which the results of an innovation are visible to others. 
Observability is positively related to the adoption rate. 
 
2.2 The Chasm 
The expectations on an innovation differ significantly among innovators and early adopters on one 
hand and early majority on the other (Moore, 2002). While the first are driven by the innovation’s 
possibilities more broadly, the latter focus more on what it can do for them personally. This creates a 
chasm (ibid) between the two adopter categories Early Adopters and Early Majority, and a risk that the 
diffusion of an innovation more or less can halt unless expectations of the early majority can be met.  
A general advice is to learn to utilize the characteristics of these adopter categories to receive help in 
perfecting the innovation. One can start try-outs quite early and in fact get important help and user 
feedback by delivering beta-prototypes to selected customers (innovators and early adopters). Their 
feedback helps develop and refine the innovation (and creates some revenue) so that the more 
selective early majority can be satisfied at a later stage in the adoption process (c.f S. Blank & Dorf, 
2012; c.f S. G. Blank, 2006; c.f Moore, 2002; c.f Ries, 2011). 
 
 
 
3. Method 
The aim, to contribute to how ELVIIS can become diffused, is achieved by suggesting a way forward. 
This suggestion is built on information about ELVIIS history and current state, and on issues, 
concerns, thoughts and ideas brought up by project members. That information is analyzed from two 
perspectives: how innovations are diffused into a social system, and on expected requirements from 
the early adopters and early majority adopter categories, described in the theoretical frame section. 
 



 

 

Information has been gathered through interviews, meetings and discussions with project members 
both along the way of the project and at the ending of the project. Diffusion bottlenecks have been 
identified based on the two theoretical frames. The results from this activity are presented in the 
Results section. 
 
Potential solutions have been discussed with project members from Viktoria Swedish ICT in order to 
sort out the final suggestion. This is presented in the Discussion section. 
 
4. Results 
4.1 The ELVIIS concept and actors 
Simplified, the ELVIIS concept, depicted in figure 1 is based on the idea that an EV can charge from 
any socket. The facility the socket belongs to will be credited the energy and its associated costs while 
the EV owner will be debited the energy and its associated costs. This is done through a roaming-kind 
of communication between grid owners. Another feature of ELVIIS is that grid peak shaving can be 
achieved through a charging schedule that is negotiated between the car and the grid owner, based on 
the charging requirements set by the EV driver. More details of how ELVIIS works can be found in 
Isaksson & Fagerholt, 2012. 
 
The actors involved for charging to take place are: 1) The EV-driver; 2) The outlet owner, i.e. the 
Consumption Location Owner (CLO) who owns the outlet where charging takes place (outlet-CLO); 
3) The EV owner, who also is assumed to be a CLO (EV-CLO); 4) The EVCS manager; 5) The grid 
owner (GO) to which the facility with the charging outlet is connected (GO-cred); 6) The power 
service operator (PSO) from which the outlet-CLO buys electric energy (PSO-cred); 7) The GO who 
owns the grid to which the facility the EV owner is connected (GO-deb); 8) The PSO from which the 
EV-CLO buys electric energy (PSO-deb). 
 
 

 
Figure 1: The ELVIIS concept. 



 

 

Source: Electric Vehicle Charging.ppt by Ericsson 
 

The ELVIIS concept can work as a platform for third-party service developers and EV users, see 
figure 2. Through an API and SDK, a lot of services that help EV users along their way may be 
developed. For this to come true, ELVIIS needs to be successfully diffused despite the current lack of 
electric vehicles. We will now look into some crucial issues that need to be addressed for that 
diffusion to take place. 

 
Figure 2: The ELVIIS concept as platform for EV services. Source: Viktoria’s application for funding 

 
4.2 Identified issues 
One strength with ELVIIS is that any outlet can be used for EV charging. The associated costs will be 
credited the outlet owner and charged the EV owner automatically. But with such a concept, there are 
some obvious risks and limitations to consider: 
 

1. Theft: If the outlet is made publicly available, there is a risk that energy can be stolen. A non-
ELVIIS EV may charge. Someone can plug in an engine warmer or an electric lawn mover or 
just anything that runs on electricity.  

2. Overload: The EV charging may result in peak power consumption within the facility that 
exceeds the main fuse rating. 

3. Economy: Debiting and crediting must work between all GOs and with the correct amount. 
This may need to work also across countries, for instance Sweden-Denmark.  

4. Convenience: Although any outlet can be used in principle, it requires approval from the 
outlet-CLO. The EV owner/user may want to know in beforehand where outlets can be found 
and where the outlet-CLO have accepted to make one available, i.e. the ELVIIS concept is 
explained and approved in beforehand. 

 
The above risks/limitations are disincentives to potential adopters and must be addressed before a 
successful diffusion can be expected.  
 
4.3 Motivations 
4.3.1 Creating outlet CLO motivation 



 

 

A current drawback for the ELVIIS concept is that it depends on readily available outlets but lack 
incentives for the outlet-CLO to make outlets available. Rather, there are currently disincentives, both 
in terms of risk for theft of electricity and risk for overload. 
 
Innovators and early adopters tend to accept beta-versions of innovation concepts. This may allow the 
diffusion process of ELVIIS to start with the theft- and overload limitations, and to fix them later - 
before the diffusion moves on to the early majority. The risk for theft and overload should correspond 
with the density of electric vehicles, if it shows to be a problem at all. The initial lack of electric 
vehicles should hence mean that these risks would be relatively low. It is however highly likely that 
these two issues will have to be solved at some point since uncertainty slows an adoption process and 
the early majority of outlet-CLOs adopts only when they can gain personally.  
 
One way to motivate the outlet-CLO could be to debit the EV-CLO and credit the outlet-CLO a fixed 
sum for making an outlet available each time an EV is charged. Another would be to debit the EV-
CLO a somewhat higher energy cost and credit the outlet-CLO the difference. According to the 
Swedish Energy Markets Inspectorate, neither is currently allowed. They also informed however that 
they are not actively investigating any rule-breaks, that either a CLO or a GO must report rule-breaks 
or ask questions to them, and that the laws can be changed, would they be of hindrance for the 
development of society. 
 
Another way to motivate the outlet-CLO could be to give a one-time incentive for those outlet-CLOs 
that register an outlet in a database. This database can then be used for guiding EV drivers to charging 
outlets. 
 
4.3.2 GO motivation 
Grid robustness can differ significantly, i.e. the value of peak shaving can be quite high for some GO 
while it is almost a non-issue for other GO. The possibility for GO to do business from roaming of EV 
charges is believed to be limited, at least in Sweden 3

 

. The roaming itself may carry some transaction 
cost and combined with a robust grid without peak shaving needs, ELVIIS may, worst case create a 
net cost for the GO. If peak shaving is crucial for the GO, ELVIIS can help delay investments and 
hence be of significant value. 

As long as there is a limited amount of EVs and a limited amount of fast chargers, it is not likely that 
any GO will drive or promote an ELVIIS diffusion process, especially not if their grid is considered 
robust. If ELVIIS diffusion anyhow takes place, the GO probably would like to see a national energy 
roaming standard developed and implemented at as low cost to them as possible. 
 
4.3.3 Creating PSO motivations 
Although the roaming of energy will go unnoticed by the PSOs, at least as long as hourly debiting is 
not used, the energy roaming part of ELVIIS may open up new areas for competition, which may 
attract opportunity-driven PSO. There may be legal limitations as long as certified power meters are 
not included4

 
, but in principle, ELVIIS opens up a CL for internal competition.  

An EV-CLO may decide to buy energy from one PSO but all EV energy from another PSO. An EV 
manufacturer can decide to also sell the energy to all EVs they sell. They may also purchase that 
energy from a certain PSO despite consumption being distributed among many different CLOs and 

                                                
3 Interview with ELVIIS grid owner representative 
4 Legal issues of this kind are outside the scope of this project. 



 

 

GOs. A car leasing company running operational lease may want to also include the energy cost 
and/or make a margin also on the energy. 
 
ELVIIS can be extended beyond EV charging and allow a CLO to make some outlets available for 
another CLO for any type of business/purpose. A company can for instance sign a contract with a 
coffee service provider to provide coffee to its employees but at no cost for the company, not even for 
the required electric power. Other businesses may become enabled to sell services rather than 
products. A heat pump manufacturer can sell indoor temperature to private households and get the 
complete motivation (in terms of all associated costs including heat pump electric energy cost) for 
providing the agreed temperature. Electrolux ran an early experiment where they sold pay-per-wash 
instead of washing machines to private households in Gotland 5

 

, but had to terminate it, to our 
knowledge because the GO withdrew the required grid-based modems used at that time. 

4.3.4 Creating EV driver motivation 
EV driving and charging must be perceived as hassle-free and convenient. This means charging outlets 
must be easy to find and plug in to. Even if any outlet can be used, it doesn’t mean the outlet-CLO 
allows it and/or knows about ELVIIS. A successful diffusion of ELVIIS hence requires some kind of 
database and map/driver guidance to outlets where ELVIIS charging is possible and allowed, i.e. 
power roaming works among involved GOs and PSOs and the CLO has approved charging. 
 
4.3.5 Change agent 
The issues a change agent has to address and their corresponding actors are listed in the table below 
along with the potential solutions that has emerged during this project. A potentially suitable change 
agent would be someone able and interested in developing the potential solutions. 
 

outlet-CLO Energy theft, power overload negative Incentives, 
Security 

GO 

Economy: 
Peak shaving - needed or not 
needed.  
Any business opportunity or only 
transaction costs in a zero-sum 
game? 

negative OR 
positive 

Roaming 
standard 

PSO New options for competition. 
Potentially a zero-sum game 

neutral OR 
positive 

Roaming 
standard 

                                                
5 http://ecodesign.lboro.ac.uk/index.php?section=236 read 2013-06-18 
http://news.cision.com/se/electrolux/r/electrolux-erbjuder-7000-hushall-fri-tvattmaskin,c14426 read 2013-06-18 

Actor Current issue 
Current 

motivation for 
ELVIIS 

Potential 
solution 

EV-driver 

Convenience: Where can I charge? 
How do I know for sure that 
debet/credit works in this geographic 
region? Don't want to explain ELVIIS 
to CLO 

neutral Database 

http://ecodesign.lboro.ac.uk/index.php?section=236�
http://news.cision.com/se/electrolux/r/electrolux-erbjuder-7000-hushall-fri-tvattmaskin,c14426�


 

 

 

Table 1: Actors and issues that remains in ELVIIS 
 
Given where ELVIIS stands today, the four potential solutions have an intermutual priority order: 
Roaming standard; Incentives; Database; Security. The reason is that without a roaming standard, 
there can’t be an efficient debiting/crediting of electric energy, which is a basic functionality. With 
roaming in place, the next topic is outlets because without outlets there can’t be a database. Security is 
assumed to be an issue that can be dealt with later, which depends on how innovators and early 
adopters are reasoning and what level of incentives that can be provided to them. 
 
 
5. Discussion 
Here, potential solutions will be examined from a diffusion perspective and be formed into a 
suggestion on how to move on with ELVIIS. First, the potential solutions will be discussed after 
which an outlook beyond EV charging is made. Some adopter issues are then discussed. Finally, the 
suggestion will be formed. 
 
5.1 Potential issue-solutions 
Roaming: A first step could be to raise awareness within EU but simultaneously run a national 
standardization project to ensure national progress, which will positively affect a broader diffusion of 
ELVIIS. This may require engagement from the authorities or utility trade organizations like The 
Swedish Energy Agency or Elforsk through an energy-roaming standard project. 
 
Security: The issue of theft and the need for CL peak shaving may require hardware. Some kind of 
unit that can plug into an outlet and be fixated there, can handshake with the EV and confirm CLO 
identities and power transfer. The same unit may remotely measure total CL power and limit EV 
charging if required. If and when this solution is needed is difficult to know. Some innovators and 
early adopters may be motivated or may be made motivated with for example incentives to become 
early outlet providers without this hardware, especially as long as the risk is perceived as low, which 
should be the case as long as EV density is low. 
 
Incentives and database: The issue how to find outlets for ELVIIS charging has dependencies with the 
previous two issues. Roaming must be possible, or the outlet CLO will not be credited. The outlet 
CLO must have registered location of outlet and other required information in a database before the 
EV driver can get help to find charging options conveniently. One way to create the database can be to 
give a one-time incentive for any one who volunteers to register an outlet in a database. A national 
database with outlets that can be used for EV charging may potentially have a high economic value 
and therefore be of interest to the business world. There is however a considerable business risk 
because of the considerable upfront cost if the database has to be created through incentives per 
registered CLO, and the commercialization of EV then shows to take time. It may however be very 
cost effective for the government to pay the incentive and create the database if the alternative way to 
fulfill the EU Commission’s directive is for the public sector to install charging poles and pay for 
those. 
 
5.2 ELVIIS potential beyond EV charging 

EV-CLO Same as EV-driver positive Database 



 

 

As noted in the PSO motivation section, some parts of the ELVIIS concept may be of interest also for 
other businesses and devices. A relatively simple piece of hardware that can be plugged into an outlet 
can enable roaming of energy consumption from any appliance, either through handshaking with the 
appliance or by being set-up from e.g. a smartphone. This may prove to be an important enabler for a 
more service-oriented industry and society. It may also be an enabler for peak power shaving  
 
By delaying the development of such a hardware and initially focus on an energy-roaming standard 
and the creation of a database for EV-charging outlets, other businesses can be informed and the risk 
that the hardware would be developed for a too narrow application, i.e. only for EV charging, is 
decreased. 
 
5.3 The chasm and disincentives 
As described in the theory section, a chasm has been identified between early adopters and the early 
majority. Well, according to Moore (2002) there are chasms between all adopter groups, but the one 
between the early adopters and the early majority is significant and important because the adoption 
reason differs so much. The early majority has a focus on personal gains compared to the current state 
for them. If a diffusion process shall move beyond 16% of the potential market, even the smallest 
adopter disincentive deserves attention, and often to an extent beyond what the change agent may 
view as required. Support to this statement is given from prospect theory on consumer perception.  
The identified disincentives, risk for theft and overload, for the outlet-CLO might be possible to attend 
to later on, but only if there is a sufficient amount of innovators and early adopters who ignore these 
risks, which should be monitored continuously. 
 
5.4 A suggestion for continuation 
The ELVIIS concept has a significant potential to save money for the development of an EV charging 
infrastructure. To realize the potential requires that at least outlet-CLOs and GOs adopt the concept at 
this point in time. By analyzing actor motivations, potential solutions and their intermutual 
dependencies, a sequence of required actions has been identified. 
 
5.4.1 Change Agent suggestion 
The change agent issue is the most crucial one since it is the change agent’s motivation – mostly to 
make a profit or avoid costs – that is the foundation for action. 
The potential economic value in the ELVIIS concept compared with a network of charging poles 
currently seems to be a concern primarily for the public sector which makes the conclusion that a 
suitable representative for the public sector is the most likely candidate for the change agent role. One 
potential change agent may be the Swedish Energy Agency but there may be other more suitable ones 
we are not aware of. 
 
5.4.2 Suggested projects 
The suggestion for how to lay the foundation for a successful ELVIIS diffusion is hence: 
 

1. Fund an energy-roaming standard project involving Elforsk, PSOs and GOs who see business 
potentials in energy-roaming. 

 
2. Develop and fund an incentive program for CLOs who register outlets they approve for EV 

charging. 
 

3. Provide an API and SDK to the database for actors who develop ELVIIS-certified electric 
vehicles. 



 

 

 
The above three projects combined should be sufficient for Sweden to fulfill the proposed EU 
charging infrastructure requirements. 
 
 
6. Conclusions 
The ELVIIS concept has significant merits compared to charging poles as a charging infrastructure for 
electric vehicles, not least economically. But the current state of ELVIIS is such that it is not a 
selectable choice for actors who need or want to develop an EV infrastructure because ELVIIS is not 
sufficiently diffused among the actors who must adopt it before it becomes usable in practice. 
 
For a diffusion process to take place, certain limitations and incentive issues must be solved, and 
someone must solve them. This report has suggested potential solutions and a potential change agent 
that can make them happen. The suggestions are based on interviews and discussions with ELVIIS 
project members analyzed through theory on diffusion of innovations and adopter discrepancies. 
 
The suggested way forward is to fund and run the above three distinct projects that combined will 
deliver a good platform for the full realization of ELVIIS. 
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Executive Summary  
An interview study exploring electric vehicles  
 
The introduction of Electrical Vehicles (EVs) 
presents new challenges and opportunities for 
today’s drivers. In particular, new more 
advanced information technology becomes 
common. However, it is not always clear what 
effect it has on (1) the perception of the EVs, 
neither (2) the experience of driving the EVs.  
 
This report details research activities carried out 
by Viktoria Institute as part of the ELVIIS project 
during OCT-DEC 2011. This document reports 
on the first (out of two) user evaluation session, 
creating a base line for further empirical 
evaluations of the developed ELVIIS service 
concept.  
 
The first interview study aims at (1) identifying 
and describing the perceived value drivers 
(benefits and sacrifices) of EV, and (2) exploring 
the experience of the information technology 
used in the EVs. The goal with the study is to 
identify recommendations that can be used to 
improve the EV in general and the ELVIIS service 
concept in particular. 
 
16 interviews have been preformed with users 
using EV for 1 month. The participants could use 
the EV both at work and at home. The follow up 
interviews included open-ended question and a 
word sorting activity to capture their opinions 
and experiences.  
 
The scope of the work is restricted to the 
experience of the respondents of the study.  
 
Main findings  
The results revealed 363 value drivers, which 
describe the perceptions of the interviewed 
users; 163 benefits and 200 sacrifices. These 
benefits and sacrifices are related to the product, 
the service and the relationship aspects of value. 
It is noteworthy that the product dimension 
(product customization) and the relationship 
dimension (image) seem to be frequent scopes 
of value drivers that create value, while the 
product dimension (alternative solutions) and 
the service dimension (flexibility) seem to be 
frequent scopes that destroy value. 

 
When using adjectives to describe the interface 
of the EV, the respondents focused on the layout-
9 words: the ability to find what you look for, the 
feedback provided, and the handling of the 
display; the appearance- 4 words: the visual 
appeal and the attributes the vehicle provide; 
and the information access- 18 words: the 
amount of (duplicated) information provided 
and its presentation. Interestingly, information 
access had the highest amount of positive words 
(16 words) while the layout had the highest 
amount of negative words (5 words).   
 
It was also noted that the information sources 
are used individually as constant or dynamic 
value to change its functionality, or in 
combination with other sources to further add 
value (e.g., increase its reliability using more 
than one source).  
  
All respondents identified estimated range as 
one of the most important information sources. 
Only 3 respondents also identified battery status 
as important.  
 
Recommendations 
Analysing the frequency of value drivers and 
their impact, this report highlights a need for a 
reduction in sacrifices, in particular concerning: 
range, charging and information aspects. 
 
Analysing the usage of the different information 
sources, this report highlights a need for 
triangulation of information and to make 
estimated range visually present for the user.  
 
 
 
At a glance: ELVIIS user study 1.1  
Amount Statements 
336 Value drivers identified  
163 Identified benefits  
200 Identified sacrifices  
45 Critical incidents identified  
41 Word descriptors identified  
16 Interviews performed 
5 Information sources identified  
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1 Introduction  
Introducing the terminology, motivation, aim and objectives of the study. 
  
Electric Vehicle (EV) technology is already 
available on the market. There is however a 
barrier between EVs and widespread adoption: a 
coherent plan that would allow EV equal or 
better performance, usability and affordability 
when compared to traditional cars. Some believe 
that a mass transition will only occur if the 
switch to EV is seamless for the driver. 
Therefore, the EV must be similar to the 
traditional car in terms of size, driving 
experience, driving range, and price (Agassi, 
2009).  
 
There is still a number of limitations of the EV, 
such as higher price, limited driving range, 
shorter availability on a daily basis (due to re-
charge time), less loading capacity (because of 
the batteries), lower speed and acceleration. In 
addition, the usage of an EV is hampered by the 
lack of an infrastructure for refuelling 
(recharging). Hence, obtaining a good match 
between product characteristics and potential 
customers’ needs and wants is crucial for 
gaining market acceptance of the EV (Gärling 
and Thøgersen, 2001).  
 
There have been some user studies of EVs 
during the past years, e.g. measuring acceptance, 
Kurani et al. (2010), Bühler et al. (2011) and 
Franke et al. (2011).  Research has shown that a 
significant number of consumers would accept a 
90 mile range (approx. 144,84 km), especially 
considering the case of a second car in a two (or 
more) car household (Turrentine and Sperling, 

1991; Sperling, 1994). There is however well 
known that many obstacles can interfere 
between attitude and actual purchase. 
 
In recent years, the car producers have however 
tried to push back the limitations of EV with e.g., 
higher speed and acceleration, lower cost of 
purchase, and battery replacement. More 
interestingly, more advanced in-vehicle 
information services are being presented with 
the ambition to minimise some of the above 
limitations, in particular range anxiety  (see 
Nilsson, 2011 for an overview). However, it is 
not always clear what effect it has on (1) the 
perception of the EVs, neither (2) the experience 
of driving the EVs. 
 
This document reports on the first (out of two) 
user evaluation session, exploring this very 
issue. The aim is to create a base line for further 
empirical evaluations of the developed ELVIIS 
service concept.  
 
In particular, this report highlights what the 
potential consumers of EV value and what 
problems can emerge when using EV. More 
specifically, the objectives of the first study is to:   
 

 Investigate the value drivers (benefits and 
sacrifices) perceived by the users 

 Investigate the usability of the information 
technology used in the EV  

 Investigate the experience of range anxiety 
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The goal of the presented interview study is to 
function as a baseline for further empirical 
investigations. 
 
The overall purpose of this research is to 
support the development of the ELVIIS concepts 
with the aim to increase the confident of drivers 
of electric vehicles (EV) with the use of 
information technology.  
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2 Theoretical Frameworks  
Focus of study /analysis tool  
 
This user study of the ELVIIS-cars is based on 
two theoretical areas: value creation and 
information presentation (distributed cognition). 
It is believed that these aspects are important to 
consider when evaluating the effect of the ELVIIS 
service concept, as one of the aims with it is to 
increase the confident of drivers of EVs with the 
use of the developed information technologies. 
In this study, it is argued that to be a confident 
EV driver one has to have a level of trust and a 
belief that there is an added value with the 
technology presented.  
 
 
2.1  Value creation 
 
The question remains, what do the potential 
consumers of EV value?  
 
The literature contains a variety of definitions of 
value. Many scholars define value as a trade-off 
between the benefits and sacrifices perceived by 
the customers in the offering of a supplier 
(Zeithaml et al., 1990; Monroe, 1991; Woodruff 
and Gardial, 1996). The value concept has its 
tradition in business research, focuses on the 
value of a physical product, and often neglects 
the service and relational dimensions of value 
(Dwyer and Tanner, 2002). According to 
Lapierre (2000), value can be created not only 
through physical products but also through 
services or the relationship as such. Accordingly, 
potential buyers of EVs will make an assessment 
of the trade-off between benefits and sacrifices. 
This knowledge of value assessment related to 
EVs is very limited.  
 
There are a number of recurring characteristics 
when describing value:  
 
 value is a subjective and individual concept (Gardial 

et al., 1994) 
 value perceptions are relative to competition (Gale, 

1994; Gardial et al., 1994; Holbrook, 1999) 
 value varies over time and context (Lapierre, 2000; 

Witell et al., 2007) 
 value is embedded in the relationship (Lapierre, 

2000; Ulaga, 2003) 

 value is conceptualized as a trade-off between 
customers’ perceptions of the benefits and sacrifices 
in a supplier’s offering (Zeithaml et al., 1990; 
Monroe, 1991; Woodruff and Gardial, 1996; Ulaga 
and Chacour, 2001) 

 benefits and sacrifices can be multidimensional 
(Anderson et al., 1993; Anderson and Narus, 1995; 
1999; Lapierre, 1997; 2000; Ulaga, 2003; Walter et 
al., 2003; Vargo and Lusch, 2004; Ulaga and Eggert, 
2006; Lusch and Vargo, 2006). 

 
Given that value can be seen as subjective and 
individual (Gardial et al., 1994), customers are 
the arbiters of value and something that is of 
value to one person may not be of value to 
another. Further, value is relative and therefore 
perceived in comparison to another object or 
situation (Gale, 1994; Holbrook, 1999). This 
illustrates how customers make personal 
judgments by assessing one supplier’s offering 
against another’s when performing the value 
evaluation.  
 
Also, value is dynamic and varies over time and 
context. In other words, the perception of value 
may change over time and various offerings and 
settings may end up in new constellations of 
value (Lapierre, 2000; Witell et al., 2007). 
Further, value is generally defined as a trade-off 
between the benefits (“what you get”) and the 
sacrifices (“what you give”) (Zeithaml et al., 
1990; Monroe, 1991; Woodruff and Gardial, 
1996; Ulaga and Chacour, 2001). The benefits 
are often described as a combination of physical 
attributes (such as the interior/exterior of 
vehicles), service attributes (such as 
information) and technical support available in 
relation to the particular use situation (such as 
charging spots). While perceived sacrifices are 
sometimes described in monetary terms, other 
definitions provide a broader definition. 
Therefore, sacrifices can be described as 
monetary or non-monetary. According to 
Monroe (1991), sacrifices are of major 
importance to customers in value perceptions. 
Monroe (1991) also argued that customers value 
a reduction in sacrifices higher than an increase 
in benefits.  
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A study performed by Lapierre (2000) identified 
a total of 13 drivers of customer-perceived 
value, which were then divided into three 
scopes: product, service and relationship. The 
perceived benefits, which include 10 value 
drivers, refer to the product (alternative 
solutions, product quality, product 
customisation), service (responsiveness, 
flexibility, reliability, technical competence) and 

relationship (image, trust, solidarity). The 
perceived sacrifices, which include three value 
drivers, refer to price, time/effort/energy and 
conflict (see Table 1).  
 
In this project, we are interested to evaluate 
what are the value drivers of the EV (this study), 
and also the possible added value of the ELVIIS 
concept (Study 1:2). 

  

           Scope 

Domain 
PRODUCT                          SERVICE                          RELATIONSHIP 

 
  

BENEFIT 

Alternative solutions 
Product quality 
Product customization 

Responsiveness 
Flexibility 
Reliability 
Technical competence 

Image 
Trust 
Solidarity 

 
SACRIFICE 

                                     Price Time/effort/energy 
Conflict 

Table 1 A conceptual model of value by Lapierre (2000)
 
  
 
2.2  Information presentation 

and range anxiety 
The question remains, how should EV be 
designed to create the best experience for its 
drivers? Can range anxiety be minimised?   
 
The vehicle is a safety critical environment that 
on the same time should provide pleasure for 
the driver. Driving consists of a set of tasks and 
activities requiring perception, cognition, motor 
response, planning, and task selection (Green, 
1993). This is not an easy task as the driver 
constantly needs to choose between attending to 
the roadway cues needed for vehicle control and 
other information sources competing for visual 
attention (e.g., rear-view mirror, climate control, 
advanced in-vehicle display). When the system 
becomes more advanced and, potentially 
demands more attention, the design of the new 
generation information sources become more 
and more important.   
 
How you chose to present information depends 
on how you think the mind process information 
(cf. classical internal processing (Miller, 1957) 
vs. distributed cognition (Hutchins, 1995)). The 
vehicle domain has typically a traditionally view 
on how the mind is built.  However, a distributed 
cognition perspective has been found to provide 

a valuable perspective in new domains (Nilsson, 
2010).  
 
EVs provide a new set of information 
technologies and there is not yet a standard way 
of designing them or evaluate them (Harvey, et 
al., 2011). Its thus interesting to investigate how 
the users exploit the current design to make 
decisions (cf. distributed cognition (Hutchins, 
1995)).  
 
In particular, range anxiety is mentioned as the 
main factor affecting the penetration of EVs 
(Wynn and Lafleaur, 2009). Indeed, much of the 
information technologies found in EV are thus 
related to range (Nilsson, 2011).  
 
Range anxiety (Nilsson, 2011) typically refers to 
the continual concern and fear of becoming 
stranded with a discharged battery in a limited 
range vehicle. The existence of range anxiety is 
related to the technical limitations of batteries of 
EVs: “[t]he problem is that the driving range in 
battery-only vehicles will vary greatly depending 
on the driving style. The range will go way down 
with aggressive and/or high speed driving. 
Therefore, consumers will have to be 
conservative in how many miles they think the 
vehicle will go”.  
 
Some definitions (cf. Nilsson, 2011) of range 
anxiety refer to the problem of recharging the 
EVs, that is, the phenomenon may not only relate 
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to the occurrence of the particular situation but 
also to the available actions needing to be 
performed when in a situation in which the 
destination can no longer be reached. It is thus 

interesting to investigate the effect of the ELVIIS 
service concept in relationship to range anxiety.  
 
 

3 Research Strategy 
The procedure of the study including sample, data collection, and analysis 
 
The presented study aims to extend previous 
research of EVs by performing a comparative 
interview based qualitative study. 
 
 
3.1  Data collection 
Data for this empirical investigation was 
gathered during in-depth interviews with 16 
users of the EV Volvo C30. The interviews 
included open-ended interview questions 
(Patton, 2002), as well as a critical incidents 
(Gustafsson and Johnson, 2003) review and a 
word sorting activity (Benedek & Miner, 2002) 
are utilised to collect data.  
 
The critical incident technique was used to get a 
deeper understanding of the value drivers 
identified and also reveal additional value 
drivers that had not been revealed through the 
other parts of the interview (Gustafsson and 
Johnson, 2003). The notion of critical incidents 
traditionally refers to an episode where the 
customer interacts with the service provider’s 
contact persons, systems or physical equipment 
(Edvardsson and Olsson, 1992). A critical 
incident (Bitner, 1990; Flanagan, 1954; 
Johnston, 1995) is an unusually positive or 
negative event that deviates from the norm and 
catches attention (Edvardsson and Olsson, 
1992). 
 
A word sorting technique (Benedek & Miner, 
(2002);Barnum & Palmer (2010)) was utilised to 
capture the usability of the tested EVs; in 
particular, capture the experience of the 
information sources available. The word sorting 
activity consists of a list of adjectives, which can 
be used to describe user experience of 
interfaces. The lists consisted of 100 randomised 
adjectives (40% positive, 40% negative, 20% 
neutral), as people tend to pick the words, which 
are high up on the list (i.e., each participant were 
given a individual sorted list). The motivation for 
this approach is that it has been shown to help 

elicitate negative and critical comment and 
provide a good measurement of the desirability 
of interfaces (Rashid & Quigley, 2009). 
 
 
3.2  Analysis  
A combination of theory driven (Miles and 
Huberman, 1994) and data driven analysis 
(Strauss & Cobin, 1998) were used.  
 
The data analysis concerning value creation and 
critical incidents were conducted by using the 
process of data reduction and coding (Miles and 
Huberman, 1994). All interviews were read and 
an initial analysis of the data was conducted 
while highlighting the value drivers (benefits 
and sacrifices) and critical incidents in each 
interview. All interview material was analysed in 
relation to the conceptual model of value of 
Lapierre (2000). After analysing all the 
interviews separately, the key words were 
summarized and compared. This included the 
grouping of value drivers related to (i) the 
product aspects (ii) the service aspects, and (iii) 
the relationship aspects according to the 
Lapierre model (2000). The critical incidents 
were analysed and organized according to their: 
type, title, description, outcome, consequences, 
and where possible alternative solutions. This 
process identified additional value drivers which 
were then analysed according to the Lapierre-
model (2000).  
 
The data analysis concerning information 
presentation was conducted by using the first 
stage of the grounded theory analysis, i.e. “open 
coding” (Strauss & Cobin, 1998). Open coding 
analyses qualitative data by extracting concepts 
from the data in which similarities and 
differences were identified across the 
respondents. Text passages were coded line-by-
line with conceptual codes. Memos were written 
at several instances of the coding process.  A 
condensed structure of conceptual dimensions 
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and their relations to users’ expressions emerge.  
 
3.3  Participants  
A total of 16 respondents participated in the 
interview study (1 pilot respondent + 15 main 
respondents); 7 women and 9 men. Their 
previous experience of driving EV is displayed in 
Table 2.  
 
Table 2. Overview of experience 
Distribution Number of rep.  
No experience 9 
Limited experience  7 
 
The age ranged between 33 to 64 years old, 
according to the below table (cf. Table 3).  
 
Table 3. Overview age. 
Age Number of rep.  
29 - 40  8 
40 - 50 3 
50 -60 3 
60-70 2 
 
All the participants except one (pilot 
respondent) were recruited at a local energy 
company to participate in the study. The 
selection of respondents were constrained by 
the following criteria:  
 
1. The respondent can participate during both test 

occasions (Study 1:1 and Study 1:2) 
2. The respondents have the ability to use the car for 

one month1

3. The respondents can use the car in different 
situations for different purposes  

 

 
 
3.4  Task 
The respondents participating in the study were 
given the task of using the EV during one month 
in a similar way as they would normally use a 
gasoline car.  
 
 

                                                                    
1 It is argued that drivers need time and experience to gain 
confident in the abilities of the EVs.  
 

3.5  Material  
An interview guide based on previous research 
was developed to provide consistency across the 
interview (cf. Appendix 2).  
 
The interviews were divided into two main 
parts. Part 1: the driver’s perceptions and 
attitudes towards the EV. This included open-
ended questions regarding value creation and 
critical incidents.  
 
Value creation:  

1. What are the positive aspects of driving EVs? 
2. What are the negative aspects of driving EVs? 
3. What are the 3-5 most important attributes you 

have identified?  
Critical incidents:  

4. Describe the incident? 
5. When did the incident happen? 
6. Why did the incident happen?  
7. How did the incident start?  
8. What effect did the incident have?  
9. What were your attitudes and experiences 

before the incident happen? 
10. Have the incident affected your attitudes and 

perception of EVs? 
11. What could you learn from the incident? Have it 

happened before?   

 
Part 2: the driver’s interaction with the EV.  This 
included a sorting card activity focusing on the 
usability of the interface and open-ended 
questions regarding information sources 
available and range anxiety.  
 
Word sorting activity:  

1. Select the words that fit your experience of the 
interface of the EV.  

2. Identify the 5 most important words from your 
selection.  

3. Describe why you selected those words. What 
are the negative aspects of driving EVs? 

Information technology:  
4. What information do you look for while driving 

your EV? 
5. What information do you miss? 
6. What information would improve your driving 

experience?   
Range anxiety:  

7. How have you experienced the range of the EV?  
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8. Have you experienced range anxiety? Why/why 
not?  

9. What is the underlying problem of range 
anxiety?  

10. What would minimize range anxiety?  

 
 
3.6  Pilot interview 
The first interview conducted in September 
2011, was used as a pre-test to check that the 
questions could be understood and that the 
results could be identified as value drivers of 
EVs. This pilot interview was performed with a 
person working within the project, which had 
had some experience of driving the EVs.  
 
The pilot interview was initially analysed to see 
the effect of the chosen questions, and later 
added to the final result of the study as no major 
changes occurred. 
 
 
3.7  Procedure  
The selection of interviewees was performed via 
the contact person at Göteborg Energy. A 
request for volunteers for driving the EV was put 
on the intranet of Göteborg Energi.  
 
A kick-off event was conducted prior to the 
participants test periods of driving, in which the 
participants were introduced to the researchers 
as well as the study itself.  
 
The interviews lasted from about 40 minutes to 
90 minutes. The interviews were performed at a 
neutral location (another work department or at 
the Viktoria Institute). Each interview was 
recorded and transcribed by a third party. The 
interviews were conducted in October, 
November and December 2011.  
 
The interviews were divided into 4 parts.  
 
Firstly, the interviewer described the purpose of 
the research study and the value concept as 
such. The respondents were then asked about 
their own backgrounds and their roles in the 
organization.  
 
Secondly, the respondents were asked to 
describe what benefits and sacrifices they 
perceive in the value creation of EV.  

 
Thirdly, the interviewees were asked if they had 
experienced some critical incidents during their 
test-period. The participants in our study were 
asked to provide a detailed description of critical 
incidents that had appeared in the past, that is, 
what triggered them, the consequences they had 
and what the outcome of the incidents were.  
 
In the fourth part the interviews included a 
word-associating task, i.e., “wordslists”, in which 
the participants are asked to pick out the 5 
words, which describe their experience with the 
EV. The task is to: step 1. List as many words 
that suit the experience of the interface. Step 2. 
Identify the 5 most suitable words.  
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4 Results and Analysis  
Theory and data driven analysis of performed interviews  
 
In the following sections the data from the 
interviews are analysed as described in Section 
3.2  
 
 
4.1  The analysis of value 

creation 
The analysis of the 16 interviews conducted with 
users of EV revealed 363 value drivers; 163 
benefits and 200 sacrifices (see Appendix 3). The 
overall view and conceptualization of the value 
concepts fits with the suggested model by 
Lapierre (2000), that is, the value concept is 
deconstructed into scope (product, service, and 
relationship) and domain (benefit and sacrifice).  
 
As can be seen in Appendix 3, it is noteworthy 
that the product dimension (product 
customization) and the relationship dimension 
(image) seem to be frequent scopes of value 
drivers that create value, while the product 
dimension (alternative solutions) and the service 
dimension (flexibility) seem to be frequent 
scopes that destroy value. When all value drivers 
were considered, ‘Quiet’ and ‘Fun to drive’ 
(product customization) are the most frequently 
mentioned value creators. Further, ‘Limited 
range (anxiety)’ is the most frequently 
mentioned value destroyer (see Appendix 3). 
The distribution of value drivers can be shown 
in Figure 2. As illuminated, the product and 
relationship scopes are associated with the 
majority of value creators and the product and 
service scopes are associated with the majority 
of value destroyers.  

In order to get a deeper understanding of value 
creation of EVs the critical incident technique 
was used (see Appendix 4). A total of 45 critical 

incidents were identified; 37 were negative and 
8 positive. Appendix 3 describes these critical 
incidents and includes: type, title of critical 
incident, description, outcome, consequences and 
alternative solutions.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 2. Overview value drivers.  

 

4.2  The analysis of interface of 
the EV 

When the respondents were asked to select 5 
out of the 100 listed adjectives to describe the 
experience of the interface of the EV, a total of 41 
words were identified; 32 positive and 9 
negative words. These words can be used to 
indicate the level of usability of the EV and 
highlight any areas of concern. Each word is 
described, in terms of its components, in 
Appendix 5.  

Fre
que
ncy 
of 
valu
e 
driv
ers 
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Eight of the respondents [R5, R6, R10, R11, R13-
R16] associated the selected words to the 
appearance of the interface, while five 
respondents [R1-R3, R7, R9] associated the 
words to the general EV concept, and three 
respondents [R4, R8, R12] associated the 
identified words to the driving experience. The 
most chosen words (chosen by three or more 
people) are listed in the below table (cf. Table 4). 

Table 4. Over view most identified words (cf. Appendix 5).  

Positive words 
(number of 
respondents) 

Neutral  
(number of 
respondents) 

Negative words 
(number of 
respondents) 

Motivating (4) Go-cart (4) Stressing (4) 
Comfortable (3) Modern (4) Limiting (4) 
Usable (3) High-quality (3) Insufficient (3) 
Logical (3)   
Fun (3)   

What is notable is that people are mostly 
satisfied, however, there are some clearly 
defined areas which can be improved not only to 
the EV concept in general (i.e., they are limiting), 
but also to the actual interface (i.e., stressing, 
insufficient) (cf. Appendix 5). Also, the data 
suggest that that the EV concept, the interface 
and the driving experience are closely connected 
and dependent on each other (cf. Figure 3). This 
could cause concern as it puts particular 
expectations on, e.g., the interface regarding 
what to find. For instance, the driver may 
become concerned (irritated, confused) if they 
can/cannot find item in the interface which 
matches their EV concept. In addition, if the 
driver does not have a correct or sufficient 
knowledge of the general EV concept the 
interface becomes difficult to handle.   

 

 

 

 
Figure 3. Interrelationship between identified concepts.  
 
Focusing on those 29 words associated to the 
interface of the EV it is notable that 18 of the 
words are associated to the mere availability of 
information via the interface, while 3 words 
were associated to the actual appearance of the 
EV, and 8 of the words were associated to the 

layout of the interface. The high number of 
words associated to information access could 
indicate the importance of information when 
driving EV.  
 
 

 

 

 

 

 

Figure 4. Overview of top 5 words associated to the 
interface.  

Moreover, considering the distribution between 
positive/negative words it is notable that the 
highest amount of positive words are associated 
to the availability of information whereas the 
layout of the interface is associated with the 
highest amount of negative words (cf. Figure 4). 
More specifically, it can be argued that the 
respondents describe the layout of the interface 
in terms of effectiveness, i.e., the ability/inability 
to find what you look for, the feedback/lack of 
feedback provided, and the control of the display 
[R4, R7, R9-R11, R13-R15]. The appearance of 
the interface was expressed in terms of 
satisfaction, i.e., the visual appeal, the 
attractiveness and the pleasure of the look and 
feel of the vehicle [R1, R5, R12-R14]. The 
information access was mostly described in 
terms of efficiency i.e., the amount of 
(duplicated) information provided and its 
presentation [R1-R2, R4-R16].  

To continue, when looking at the individual 
statements describing the usage of the 
information sources one can make conclusions 
regarding the level of usability of the individual 
information source as well as it function in the 
drivers decision making process.   

A list of the most important information sources, 
as judged by the respondents, is listed in Table 5.  
A total of 5 different information sources were 
highlighted.  

Table 5. Most important information sources 
Identified information Examples of usage  

0 10 20 

Information 
access 

apparence 

layout 

Negative 
words 

Positive 
Words 
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source 

Estimated range (16) Information on current reach [R1-
R11, R13-R14], feedback on the 
need for charging [R7, R16], 
feedback on driving style [R3, R11-
R12, R16], completion [R3,R9], 
planning [R5, R13,R15], the overall 
“health” of the EV [R10], previous 
usage [R10], saving potential [R3], 
charging status [R9] 

Power meter (4) Current driving style [R7, R9, R13], 
understand the behaviour of the EV 
[R7], reference point [R11] 

Speedometer (4)  Information on speed [R2, R11, R14, 
R16] 

Battery status (3) Information on charge status [R1, R6, 
R15] 

Current energy 
consumption (1) 

Information current driving style [R12] 

 
As can be seen in Table 5, the information 
sources had different function for each of the 
respondents. For instance, estimated range did 
not only provide information on the range of the 
vehicle but also on the success of charging, the 
effect of driving style, etc. (cf. Table 5). That is, 
the estimated range was not always treated as a 
constant value [R2]; estimated range was also 
treated as dynamic value [R3]. Depending of 
how the information source was treated, 
different usage emerged. Exploring the 
dynamism of the value (i.e., the fast/sometimes 
sudden changes in the estimations) allowed the 
respondents to use it as direct feedback on, e.g., 
their driving style (emphasising the importance 
of flexibility). Having the value as a constant, 
allowed the respondents to use it as a warning 
(emphasising the importance of reliability).  
 
Interestingly, almost all respondents [R2, R4, R6, 
R8-R16] reported that they not only used the 
information sources in isolation, but in 
combination, thereby extending its functionality 
and their value (cf. Figure 6). As can be seen in 
Figure 6, estimated range has most connection 
to other information sources (4), followed by the 
battery charge status (3). Also, it was most 
common to compare estimated range with the 
battery status (4 respondents).  
 
 
 

 

 

 

Figure 6. Overview of combinations of information sources. 
A line indicates that the information source is used in 
combination.   

Moreover, a number of patterns emerged when 
investigating how the different sources were 
combined. The main theme for combining 
sources were to (a) increase the 
reliability/credibility of the information sources; 
(b) lower uncertainty/insecurity of the 
information sources; or (c) connect the 
information sources to learn about the cause-
effect relationships and that way learn the 
behaviour of the EV. Examples are as follows:  
 
 Estimated range and the speed taught the driver about 

the behaviour of the EV [R2], i.e., the driver used the 
range as a reference point (constant value) in which the 
effect of the speed (dynamic value) could be tested. 

 Battery charge status (analogical information) were used 
at the beginning of the trip but then the range (digital 
information) became more important as it provided the 
driver with more detailed information [R4] (i.e., going from 
general to specific) 

 Estimated range was used to provide meaning for the 
battery charge status, i.e., driving on “red” was thus 
provided with a number [R6].  

 The estimated range can be checked and confirmed 
(thereby increase its reliability) by comparing it to the 
remaining effect of the vehicle [R8] 

 Respondents compared information sources increased 
the reliability of the information [R8]. 

 The speed and power meter were combined to see the 
effect of speed on the power meter [R9]. The driver used 
the speed as a reference point (constant value) in which 
the relationship between the speed and the power meter 
could be explored.  

 Estimated range and battery charge status were 
combined to increase its reliability. If the same information 
occurs at several places, it is treated as more secure 
[R10]. To compare lower the uncertainty of the numbers.  

 The power meter were compared to the battery charge 
status [R14] 

 Estimated range was used as a more detailed and 
precised indication of battery charge status [R13]. 

 The eco meter was used as a reference point (goal) as 
when it was low the battery charge status increased. 
[R15] 

 Comparing the estimated range with, current battery 
status and the historical energy consumption provides 
credibility, if they match [R16]. The overall picture makes 
the estimates more trustworthy, i.e., the user look for 
reasons to why he/she could trust the number provided.  
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 Comparing speed and estimated range provides 
knowledge of the behaviour of the EV [R16] 

 The experience were used as an information sources to 
confirm/reject the range estimation [R6, R4] 

Furthermore, the usage of the interface is not 
always that straightforward for the drivers. 
Table 6 list usability issues identified in the 

statements made by the respondents. 

 

 

 

 

Table 6. Negative usability concerns that can be connected to range anxiety  

Information 
source 

Usability Issue  
(number of 
respondents)  

Description 

Estimated 
range  

Unforeseen changes in 
calculation (7) 

While driving [R3], while being left over night [R4], faster at the end [R9, R7], could drive 25km while 
the range indicated  “ ---- “  [R5], different estimations on the same charge time [R6], actual distance 
and estimated distance does not match [R7] 

Estimated 
range 

Uncertainty of the meaning 
of the value (2) 

Did not know what would happen when then estimated range is 0 [R5], you are unsure what is 
actually left, is the number correct [R6] 

Estimated 
range 

Not consistent experience 
across the drivers 

 

Eco 
indication 

Misinterpretation of 
functionality (7) 

Interpreted as feedback on driving style [R3, R6, R10, R11, R16] when the dial is at the bottom it 
goes on to the battery status [R15]; I did not understand it [R5] 

Power meter Lack of reference point to 
aim for (5) 

Does not include feedback on what is good driving [R3, R5, R11], did not understand what the 
extremes means [R6], did not understand what effect the different modes had [R8] 

Ampere 
adjustments 

Control of ampere (4) Initially difficult to change ampere (missed confirmation of chose) [R3, R5], difficult to see current 
ampere choice [R5], forgot to change ampere [R2,R5],  

Ethanol 
heater 

Did not understandable 
changes (1) 

Did not understand the changes at first [R3] 

Messages  Overlapping information 
covering estimated range 
(2) 

While driving: warning due to children safety chair always present [R12]; not always clear how to get 
the message “you have a new message, press” away [R13] 

Battery & 
charging 
warning  

Did not see warnings (2) Did not see the warning that the charge cord is in [R5] 

 
In addition, the respondents were provided with 
an open-ended question of what information 
sources they were missing in the EV. Only one 
participant [R3] indicated that she did not miss 
any information. Four statements concerned 
improvements to the EV technical ability (i.e., 
introduction of a backup system when low on 
battery [R8, R9, R14], and four suggestions 
concerned the vehicle in general (i.e., automatic  
 

 
wind shield wiper [R14], clock [R4], more 
prominent indication of “open the bonnet” 
[R10], forward parking sensors [R10]). 34 
statements identified were concerned 
suggestions connected to the improving of the 
information sources found in the EV. Table 7 lists 
the reported information sources that could 
improve the EV driving experience as judged by 
the respondents.  
  

 
Table 7.  
Missed Information attribute  

(number of respondents) 

Description  

Point of interest (6) Free parking spaces [R1]; charging points [R11; R12; R15;R14]; Indication of their location on a 
map [R15] 
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Advanced navigation system (3) Connection with range and map [R1]; indication of next location [R15]; information on current 
status in relation to final location [R16] 

Graphical estimated range information (2) Estimated range connected to GPS [R1]; information on current status in relation to final location 
[R16] 

More precise range estimation (2) Range connected to GPS [R5]; information on estimated range for going there and back [R8] 
Low range indication  
to indicate driving on “reserve” (3) 

Change of colour when low range [R5]; Re-location battery status and range [R6]; indication of 
“save mode” [R11] 

Range estimation not as option (2) Estimated range information always on the dashboard [R11]; Show range and current energy 
consumption at the same time [R12] 

Indication on current ampere on dashboard (4) Indicate current ampere choice [R5, R12]; change current ampere choice while the car is off [R9]; 
have a default value which most can handle [R12]  

Improved power (in/out) meter (6)  blue/red indication confusion [R15;R5], better feedback on your energy consumption [R11]; 
Visualisation of power (in/out) meter/energy flow [R10]; Indication in the power (in/out) meter of 
what is good driving [R8,R15] 

Warning of charging cord plugged in (1) More prominent sound/visual clue [R10] 
Warning of low battery (1) More prominent visual/sound clue when starting driving [R10] 
Combine and re-locate information (4) Visualisation of battery status and range [R6]; connection between the battery status and power 

meter [R5]; estimated range and current energy consumption [R7]; interactive information 
displaying the connection between driving pattern, energy consumption, and range [R11] 

Estimated time to fully charged vehicle (3) Time estimation [R11; R12; R16] 
Remote charging control (1) Mobile app to check status of charge [R14] 

  
4.3  The analysis of range 

anxiety  
Examining the reported limited range incidents, 
3 respondents [R1, R10, R16] reported that they 
had not experienced such an incident, 8 
respondents [R4, R6, R8, R9, R11, R13, R14, R15] 
had experienced one limited range incident, 
while 4 respondents [R2, R3, R5, R7] had 
experienced two limited range experiences. A 
limited range incident is characterised by, either 
the risk of becoming stranded or the fact of 
being stranded along the way.  
 
The importance of range is emphasised in the 
value analysis in which range was identified as a 
top concern (cf. Section 4.1). This is further 
emphasised as most of the words identified in 
the word sorting activity were directly or 
indirectly associated to the range of the vehicle. 
Examples of words are as follows:   
 
 Usable 
o One can find estimated range information [R14]; One can 

charge at home [R15] 
 Advanced 
o Can chose ampere to charge and when you want it to start 

charging [R15] 
 Comfortable 
o You have ability to compare the different information 

provided [R8] 
 Good 
o Provision of relevant information to the task at hand [R11] 
 Flexible  

o The ability to change ampere information [R15] 
 Informative 
o The ability to compare information [R10] 
 Powerful  
o The connection between range estimation and driving style 

[R6] 
 Logical 
o The information provided via power meter [R6] 
 Modern 
o The EV specific functionality which does not exist not in a 

gasoline vehicle (e.g., power meter) [R9] 

In addition, all suggestions for improvements 
are direct or indirect linked to range anxiety (cf. 
Table 7). 

Table 8 lists the psychological manifestations of 
range anxiety.  In the table it is clear that range 
anxiety is not a worry per se, rather it is 
awareness of the drivers that is used as decision 
tool for making the correct actions in specific 
situations (cf. Table 8). Moreover, range can be 
explained as dependability between the driver 
and the EV [R9], in which the control is 
distributed between the two.  

Table 8.  

Experience range anxiety  Respondents 

Awareness of current status, and the future 
demand (6) 

R1, R6, R10, 
R11, R12, R13 

Insecurity to reach a destination on time (1) R1 
Insecurity of the ability to reach the end 
destination (1) 

R8 

Difficult to know when you can take the EV (2) R1, R6 
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Calculate and compare the range to the 
distance to your destination (2) 

R1, R8 

Experienced stress during the incident (1) R2 
Experience of excitement/ arousal when low 
energy (1) 

R2 

Experience as a tens moment (1) R3 
Worry when the car did not behave as 
expected (1) 

R4 

Worry and concerned about if one would 
reach the staring point again (3) 

R5, R12, R13 

Embarrassment to drive so slow (due to the 
turtle) (1) 

R5 

Frustrating (1) R8 
Expectation (1) R8 
Only a concern at specific moments, under 
specific conditions (2) 

R9, R10 

Feeling of not being in control (1) R11 
Carefulness  (1) R11 
Feeling of being constrained (1) R12 
Effort (1) R12 
Uncomfortable situation   R15 

Range anxieties vary in intensity; it is more 
present at the beginning [R1, R7, R15]. From the 
descriptions provided by the respondents (cf. 
Table 8), four themes emerged characterising 
the psychological manifestation of range anxiety. 

Hesitation:  Range anxiety is portrayed as a hesitation to 
use the EV at specific instances due to insecurity of the 
abilities of reaching a destination [R1, R5-R6, R8, R12-
R13].   
Awareness: Range anxiety is an awareness of current 
status and the future demand [R1, R6, R8, R10-R13].  
Apprehension: range anxiety is the experience of an 
apprehension at a specific moment in which the driver 
balances the expectations and the current behaviour [R2, 
R4, R8].  
Stress: Range anxiety is a very short instance, evoked by 
a sudden incident in a particular situation. It is an intense 
experience in which the drivers feel tense, stressed and 
pressured [R2, R3, R5, R12]. A intense feeling that they do 
not want to experience again.  
 
The behavioural manifestation of range anxiety 
includes the following.  
 
 Planning  
 Avoidance  
 Information usage  
 Locus of attention  
 Decision tool  

 
Actually, most respondents indicate that they do 
not experience range anxiety as a major concern 

while driving to a destination. For instance, one 
of the respondents always had the EV fully 
charged and took trips that were within the 
range of the EV, that way, the issues of range 
never caused a concern [R16]. That is, the 
dependability between the driver and the 
vehicle was thus broken. In particular, there are 
several issues that contributes to a feeling of 
security while driving, as follow:  
 
(1) The Information display:   
 Access to big clear displays [R2] 
 You look at the information provided on the display 

[R8] 
 
(2) The Handling of the EV and the experience 
you collect:  
 You learn to deal with the EV [R3] 
 You plan before you use the EV [R3] 
 You intentionally test the range [R4] 
 The experience you collect [R11] 
 You make arrangement which makes you safe[R13] 
 You know the current range so you do not need to 

be worried [R13] 
 You let the EV be fully charged all the time [R14] 
 You have identified a solution [R4] 

 
(3) The identification of a comfort zone:   
 You accept the limitations of the EV [R8,R9] 
 You drive the same journey repeatedly [R10] 
 You decide to use the car between two specific 

points [R12] 
 Avoid to drive long distance [R12] 
 If you live within the range you do not experience 

range anxiety [R2].  

In summary, those aspects which contribute to 
range anxiety is the following:  

 

1. The information is not stable, it is changing  
2. The behaviour of the EV does not fit with the 

expectations of the driver 
3. The behaviour of the EV is changing between the 

times the driver uses the vehicle  
4. The driver does not understand the information 

provided 
5. The EV is used in a dynamic, unpredictable situation 
6. The driver does not know the state of the EV   
7. The driver does not understand the effect of actions 

made  

In addition, on a direct question the respondent 



Electric Vehicles: An interview study   2012  

 
©   ELVIIS Consortie                  13  
  

reported that the following would minimise 
their concern about range (cf. Table 9).  

Table 9. Overview of reported suggestions to minimise 
range anxiety.  

Minimise range anxiety Respondents Component  

Longer range (7) R1, R3, R7, R8, 
R11, R13, R16 

Flexibility  

Back up system (2) R9, R10 Security  
More information e.g., 
navigation (5) 

R1, R4, R5, R12, 
R15 

Control   

 More information (1) R5 Security  
Well planed trip (2) R2, R10 Control   
Learn the behaviour of the  
EV (1) 

R7 Control  

Lower the quality of the 
vehicle, and thus lower the 
expectations of the vehicle 
(1) 

R8 Expectations 

Knowing when you are on 
the reserve (1) 

R6 Security  

More charging possibilities 
(3)  

R11, R12, R15 Security  

Faster charging (1)    Flexibility  

Interestingly, most people think that a longer 
range would minimise range anxiety (cf. 4.1 
analysis of value drivers). That is, the 
respondents did not make suggestions related to 

the information access or the design of the EV 
such as more accurate estimations on range. 
Indeed, this indicates that the range anxiety may 
be closer to the loss of flexibility, as compared to 
the reliability of the vehicle. That is, range 
anxiety is related to the flexibility in terms of (a) 
not being able to reach all destinations, (b) not 
being able to charge the EV everywhere, (c) not 
being able to use the vehicle at all points in time 
(because it is charging).  

Moreover, when asked about what the 
respondents thought were the concern of range 
anxiety, the explained it by focusing on the 
technological limitations, the behavioural change 
which is required to drive an EV, and the 
complexity of the situation that emerge (cf. Table 
10).  
 

Table 10.  
Underlying problem of range anxiety Respondent  

The long time required to re-charge (4) R1, R10, R11, R15 
The complexity of the situation if you become 
without energy (7) 

R1, R7, R9, R10, 
R11, R12, R15, 

Limited battery capacity (3) R3, R7,R8, 
The need for a behavioural change (which we 
are not used to) in which you cannot reach all 
destinations and you need to plan (8) 

R2, R7, R6, R8, R9, 
R13, R15, R16 

   

5 Discussion and conclusions 
Discussion of the results  
 
In this section the results and analysis are 
further elaborated upon and put in perspective.  
 
 
5.1  Value creation of EVs   
This research has scrutinized Lapierre’s (2000) 
conceptual model of value and tested it in a new 
empirical context, providing an improved 
understanding of problems and possibilities of 
value creation of EV. Contrary to the traditional 
view of value, in this study price is not perceived 
as a sacrifice. Instead, the users found it cost 
efficient to drive the EV (i.e., it is cost efficient to 
drive but the purchase cost is high). One 
explanation for this is that value is a relative 
concept, perceived in comparison to another 
object or situation (Gale, 1994; Gardial et al., 
1994; Holbrook, 1999); in this particular case, 
the respondents compared EV to travelling in 

their private petrol/ hybrid/ diesel cars. 
Consistent with Ulaga (2003), Witell et al. 
(2007), Rönnbäck and Witell (2009) and this 
present research, the dual role of all value 
drivers into the three scopes of product, service 
and relationships can be taken for granted when 
operationalizing the value concept. Hence, the 
value drivers within the benefit domain can be 
perceived as both benefits and sacrifices. In 
contrast to Ulaga (2003), this study shows that 
the dual role also considers the sacrifices, that is, 
sacrifices can be perceived as benefits.  
 
Not all value drivers were identified in light of 
Lapierre’s (2000) conceptual framework; 
alternatively, they were given a different role in 
this empirical framework. Such an example is 
“Time/effort/energy and conflict”, a value driver 
associated with the sacrifice domain and 
relationship scope that was not identified in this 
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study. The Lapierre model (2000) was originally 
designed to be used in the business-to-business 
domain, while this study has tested the model to 
capture customer-perceived value. This is one 
explanation as to why the value drivers were 
given a different role than they were in the study 
by Lapierre (2000). Another explanation is that 
various offerings and settings may end up in new 
constellations of value (see e.g., Lapierre, 2000; 
Witell et al., 2007; Rönnbäck and Witell, 2009). 
Also, the user group had limited personal 
interactions with the supplier (Volvo). Hence, 
the users did not associate their test period with 
the supplier relationship, which the value driver 
“Time/effort/energy and conflict” considered 
according to the Lapierre-model (2000).  
 
The product scope (product customization) and 
relationship scope (image) seem to be important 
areas that create value. ‘Quiet’, ‘Fun to drive’, 
‘Easy to drive’ (product scope/product 
customization), and ‘Driving is cost efficient’ and 
‘Environment’ (relationship scope/image) are 
the most frequently mentioned value creators. 
Hence, the users have emphasized the driving 
characteristics of the EV Volvo C30.  
 
Moreover, the driving expenses as well as the 
environment have been perceived as positive 
aspects of the EV. These results concur with 
those of Eggert et al. (2006) and Ulaga and 
Eggert (2006) in that the relationship is an 
important source for value assessment.  
 
Also, there seem to be value leaks deriving to the 
product scope (alternative solutions) and service 
scope (flexibility). Analysing the frequency of 
value drivers, the results highlight a need for a 
reduction in sacrifices, in particular in areas 
concerning: range, charging and information 
aspects (cf. Appendix 3). Previous research has 
shown that consumers would accept a 90 mile 
range (approx. 144,84 km) (Turrentine and 
Sperling, 1991; Sperling, 1994), which matches 
the range of the EV Volvo C30. Nonetheless, the 
aspect of ‘Limited range (anxiety)’ was the most 
frequently mentioned value destroyer by the 
user group (68,75 %), which indicates that the 
limited range is negatively associated and could 
be strong barrier for potential purchase. 
 
The critical incident technique complemented 
the value concept and helped to reveal the 

source and contents of value (Flanagan, 1954; 
Bitner, 1990; Johnston, 1995; Parasuraman, 
1997). Although the majority of incidents were 
perceived as negative (37 out of 45), the 
outcome of these negative incidents revealed 
that they had not influenced the users negatively 
towards the EV. This has partly to do with the 
fact that the vehicles are prototypes and the 
users accepted errors because of this. Also, the 
users have not invested personal resources (e.g., 
money) in these vehicles; they belong to a 
voluntary test group. In addition, their positive 
attitude towards the EV seemed to be in the 
majority and has accordingly affected these 
results. 
 
5.2  Information sources of EVs  
 
It is generally known that the driving task 
encompasses the vehicle, the driver and the 
environment in which the primary task is to 
control the vehicle to the goal destination 
(Green, 1993). In this study it was noted that 
estimated range was the most important 
information source. This implies that while 
driving the EV, range (the cognitive process 
required to monitor the estimated range) may 
interfere with the primary driving task.   
 
In addition, in the analysis the words identified 
to describe the interface of the vehicle indicate 
the balance between fun and stressing. This 
factor may be due to the EV users being first 
time users.  
 
Interestingly, it was noted that the same 
information source could be used differently 
depending on it being used as a constant value, a 
dynamic value or in combination with other 
information sources. This may be a design 
feature, which could be utilised to a larger 
extent. 
 
It is also noted that the drivers had an 
interaction strategy that can be characterised as 
constant a dialog between the driver and the 
vehicle in which the effect of the drivers’ actions 
is constantly evaluated. This implies that there is 
an interrelationship between the driver and the 
vehicle.  
 
Also, an underlying strategy was to identify ways 
to compare and contrast the information 
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provided to them. One can argue that 
confirmation and ability to compare builds 
confident of drivers.  
 
It is also noted that while interpreting the 
information provided in an EV, one tries to 
understand it within the frame one already 
know/have available (i.e., gasoline car).  This is 
for instance seen in the choice of words for 
describing the interaction between the driver 
and the vehicle.  
 
In the study, the effect of “locus of attention” is 
notably. Considering the usage of estimated 
range, it is clear that the focus of attention is 
directed towards this value. In the study some of 
the participants did not notice warnings far 
away from the estimated range value. For any 
re-design, the estimated range value could be 
further exploited. Any warnings, etc., could be 
visually added to this value, to ensure that the 
user will notice the change.  
 
It should be noted that the users has a strong 
motivation to learn the system, this may 
influence the results. That is, it would be 
interesting to perform a comparative study with 
drivers recently gotten their driving licence.  
 
To conclude, EVs provide a new set of 
information technologies and there is not yet a 

standard way of designing them or evaluate 
them (Harvey, et al., 2011). This study provides 
some insights which need further investigations.  
 
 
5.3  Range anxiety  
 
Much, what has been previously known about 
range, is confirmed in this study. However, there 
are some interesting aspects to be highlighted.  
 
One hypothesis in this study was that range 
anxiety is connected to the concept of 
trust/security. However, it may be more closely 
related to flexibility. When investigating the 
background to range anxiety it was suggested 
that it has to do with loss of flexibility rather 
insecurity. This has design implications. To 
increase trust one would predict that a more 
accurate estimated range would lower range 
anxiety.  To increase flexibility, other aspect such 
as providing information of charging 
possibilities could decrease range anxiety.  
 
The research also highlight the fact that 
confirmation and the ability to compare builds 
confident in drivers, emphasising the need for 
several information sources compared to a 
single information source.  

 

6 Implications for research and design   
Recommendation to improve EVs 
 
As this study has shown, there are some value 
leaks and consequently a need to improve value 
creation for the users of EV. Monroe (1991) 
argued that customer value a reduction in 
sacrifices higher than an increase in benefits. As 
a consequence of this, following are some 
recommendations for further development of 
the EV. Some of the recommendations are 
beyond the scope of the ELVIIS project, but can 
be used to improve the EV in general.   
 
In order to prioritize these recommendations, a 
method of problem severity classification, 
typically used in usability studies (Nielsen, 
1994), is used2

                                                                    
2 The severity rating should be used as guidance, the 

. The approach treats problems 

severity as a combination of three factors: (1) 
the impact of the problem and (2) the frequency 
of users experiencing the problem during the 
evaluation, and (3) persistence  (Nielsen, 1994).  
 
Impact is the ranking of the consequences of the 
problem by defining the level of impact that the 
problem has on successful task completion. 
There are three levels of impact:  
 
•       High - prevents the user from completing the 
task (critical error) 
•       Moderate - causes user difficulty but the task 
can be completed (non-critical error) 

                                                                                                  
author cannot provide evidence at this point in time 
that one change will have a greater impact on 
usability than another.  
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•       Low - minor problems that do not 
significantly affect the task completion (non-
critical error) 

Frequency is the percentage of participants who 
experience the problem when working on a task. 

•       High - 30% or more of the participants 
experience the problem 
•       Moderate – 7% - 29% of participants 
experience the problem 
•       Low – 6,25% or fewer of the participants 
experience the problem 
 
 
The identified severity for each problem implies 
a general reward for resolving it, and a general 
risk for not addressing it, in the current release. 
 
Severity 1 - High impact problems that often 
prevent a user from correctly completing a task.  
They occur in varying frequency and are 
characteristic of calls to the Help Desk.  Reward 
for resolution is typically exhibited in fewer Help 
Desk calls and reduced redevelopment costs. 

Severity 2 - Moderate to high frequency 
problems with moderate to low impact are 
typical of erroneous actions that the participant 
recognizes needs to be undone.  Reward for 
resolution is typically exhibited in reduced time 
on task and decreased training costs. 

Severity 3 - Either moderate problems with low 
frequency or low problems with moderate 
frequency; these are minor annoyance problems 
faced by a number of participants.  Reward for 
resolution is typically exhibited in reduced time 
on task and increased data integrity. 

Severity 4 - Low impact problems faced by few 
participants; there is low risk to not resolving 
these problems. Reward for resolution is 
typically exhibited in increased user satisfaction.  
 
Table 11 and 12 describes type of problem, 
observation (what we have noticed), level of 
impact, frequency, and thus, their severity, and 
based on these, our recommendation. 

The overall task, which the drivers were given 
during the field test, was to use the vehicle as 
they would normally use a family car/gasoline 
car. That is, the specific context of use may vary 
across the drivers (hence, the problems 
experiences thus varies).  

A successful task involves driving the vehicle to 
the goal destination without any incidents. This 
includes using the vehicle for specific errands 
such as kids’ soccer practice, grocery shopping, 
commuting to work, etc. An unsuccessful task, on 
the other hand, indicates a situation in which the 
driver is not being able to reach the goal 
destination due to an incident/decision made 
before/during the journey. This includes the 
vehicle does not start due to technical failure; 
the destination is without reach; or any other 
type of malfunction during driving.  

The issues which the drivers experienced were 
related to the usage of the vehicle in terms of: 
(1) the handling and manoeuvring of the vehicle, 
and (2) the suitability of the vehicle to the 
context of use (task/situation/environment) (cf. 
Table 11 and Table 12).  

The behaviour and difficulties of matching the 
EV to the daily life of drivers exemplifies the loss 
of flexibility and indicates the need of additional 
information (cf. Table 12). Considering the 
manoeuvring and handling of the vehicle there is 
a need for enhancements to the information 
sources already utilised (cf. Table 11).  
 
In general, categorising the recommendations, it 
is shown that there is a need for:  
  
(A) development of new information services, 
(B) improvements to existing design,  
(C) change in behaviour of the drivers, and  
(D) advancements in the EV 
technology/infrastructure.  
  
 

 
Table 11. Observations related to difficulties of manoeuvring of the vehicle 
Type   Observations (number 

of respondents) 
Information 
Source  

Level of impact Frequency  Severity 
rating  

Recommendation (A, B, C, D) 

Feedback  Lacks feedback of total Energy  12,5 % 2 Develop service showing total 
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energy consumption (2) consumption Moderate 
 

(Moderate) 
 

energy consumption incl driving 
behaviour (A) 

Lacks feedback of 
energy consumption in 
relation to driving 
behaviour (1) 

Energy 
consumption 

 

Moderate 6,25 % (Low) 3 Develop service showing total 
energy consumption incl driving 
behaviour (A) 

Need feedback of 
charging (inc 
deviations) (5) 

Charging Moderate 31,25% (High) 2 Develop separate charging 
monitor (A) 

Indistinct charging 
indicator (3)  

Charging 
indicator 

Low 18,75% 
(Moderate) 

3 Improve visibility of  charging 
warning by e.g., change in 
location, colour or sound (B) 

Lack of reference point 
to aim for (5) 

Power meter Low 31,25% (High) 3 Improve the power meter with eco 
concept (B) 

Lack of visability of  
warnings (2) 

Battery, 
charging 
warning 

Moderate 12,5 % 
(Moderate) 

 

2 Improve warnings with change of 
location, colour or sound or 
integration with range est. (B) 

Ampere settings not 
visible (3) 

Ampere Moderate 18,75% 
(Moderate) 

2 Improve feedback by providing 
direct visibility of choice made (B) 

Charging indicator 
gives insufficient 
information (1) 
 

Charging 
indicator 

Low 6,25 % (Low) 4 Develop charging monitor which 
includes estimated charge time, 
current ampere, etc., (A) 

Difficult to detect 
charging spot in 
darkness (1) 

 

 
Charging 
indicator 

 
Low 

 

6,25 % (Low) 
 

4 Include a diode lamp to detect 
charging spot (B) 

Reliability  Range indicator not 
trustworthy (5) 

Estimated 
range 

High 31,25 % (High) 1 Improve by checking for accuracy 
and/or enhance feedback and/or 
understanding of info provided (B) 

Energy rapidly 
decreases when levels 
are low (3) 
 

Estimated 
range 

High  18,75% 
(Moderate) 

1 Improve estimated range 
estimation, or provide additional 
feedback to increase user 
understanding (B) 

Bliss (5) Side mirror Low 31,25% (High) 3 Improve by checking for accuracy 
(B) 

Accessibility  Control of ampere (4) Ampere  Moderate 25% (Moderate) 2 Develop feedback on choice made 
(B) 

Adjusting ampere (7) Ampere  Moderate 43,75% (High) 2 Develop feedback on choice made 
(B) 

Could not access a 
clock (2) 

Message Low 
 

12,5 % 
(Moderate) 

3 Reconsider display of clock (B) 

Overlapping 
information covering 
estimated range (2) 

Message Moderate 12,5 % 
(Moderate) 

 

2 Reconsider placement of 
information (A/B) 

“Belted back” visual at 
all time (2) 

Message Moderate 12,5 % 
(Moderate) 

 

2 Reconsider placement of 
information (B) 

Additional information 
remove important 
information (e.g. range) 
(1) 
 

Message Moderate 6,25 % (Low) 3 Reconsider placement of 
information (A/B) 

Lot of information in 
small space (1) 
 

Message Low 6,25 % (Low)  4 Reconsider placement of 
information (B) 
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Not possible to show 
several information 
sources at once(1) 
 

Message/ 
adjustment 

stick  

Low 6,25 % (Low) 4 Reconsider placement of 
information (A) 

Requires many steps to 
access right information 
(1) 

adjustment 
stick  

Low 6,25 % (Low) 4 Reconsider placement of 
information (B) 

Understandability     Need instructor book 
(2) 

General Low 
 

12,5 % 
(Moderate) 

 

3 Include teaching material (B) 

Highway/drive was 
incomprehensible (2) 

Automatic 
gear 

Low 
 

12,5 % 
(Moderate) 

 

3 Include teaching material (B) 

Uncertain about red 
knob between seats (2) 

Red knob Low 
 

12,5 % 
(Moderate) 

 

3 Include teaching material (B) 

GPS difficult to 
access/remove (2)  

 

GPS display Low 
 

12,5 % 
(Moderate) 

 

3 Include teaching material (B) 

Unforeseen changes in 
calculation (7) 

Estimated 
range 

Moderate 43,75% (High) 2 Impove develop estimated range 
monitor (A/B) 

Eco-driving indicator 
incomprehensible (1) 

 

Eco indication Moderate 
 

6,25 % (Low) 3 Improve the design and placement 
of eco-indicator (B) 

Did not 
understandable 
changes in value (1) 

Ethanol 
heater 

High  6,25 % (Low) 1 Provide teaching material (A/B) 

Misinterpretation of 
functionality (7) 

Eco indication High 43,75% (High) 1 Improve feedback and the location 
of information (B/A) 

Uncertainty of the 
meaning of the value 
(2) 

Estimated 
range 

Moderate 12,5 % 
(Moderate) 

 

2 Improve feedback and utilise the 
combination of information sources 
(B/A) 

Not consistent 
experience across 
the drivers (8) 

Estimated 
range 

Low 50% (High) 2 Improve feedback and utilise the 
combination of information sources 
(B/A) 

Start-up messages 
creates 
uncertainty/stress (2) 

 

Message  Low 12,5 % 
(Moderate) 

 

3 Improve the desing of HMI feature 
(B) 

Digital/analogue 
indicators illogical(1) 

 

Dash board Moderate 6,25 % (Low) 3 Improve the desing of HMI feature 
(B) 

Physicality  Miss a start-up 
sound (1) 

Coupé Low 6,25 % (Low) 4 Implement a start-out sound/sound 
when driving (B) 

Dark coupé when 
removing key (1) 
 

Coupé Low 
 

6,25 % (Low) 
 

4 Let there be light when removing 
key (B) 
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Table 12. Observations related to the suitability of the vehicle to the task at hand. 

Type Observation (number of 
respondents) 

Level of 
impact 

Frequency Severity 
rating 

Recommendation 

Range Limited range (anxiety) (11) 
Planning drive (8)  
Limited range (6)  
Range insufficient (3) 
Battery capacity (2) 
Lacks back-up (5) 
Wants sun cells as back-up (2) 
Need information of charging spots 
(GPS/app) (8) 

High 

68,75 % (High) 
50 % (High) 

37,5 % (High) 
18,75 % (Moderate)  

12,5 % (Low) 
moderate 

12, 5 % (Low) 

1 Increase range 
Develop Travel planner  
Develop charging infrastructure 
(C/D/A) 
 

Charging Charging time-consuming (8)  
Constant charging (5) 
Lack of charging spots (4) 
Need charging spots with 16 
ampere/fast charging (3)  
Uncertain what the charging spots 
manage (2) 
Discharged (2) 
Blackouts terminate charging (1) 
Deviations from driving plan requires 
charging possibilities (1) 
Remember to bring/ remove 
charging cord (1) 
Could charge up to 80 km (1) 
Charging at work place often 
inaccessible due to non-EV (1) 
Feedback of charging lamp takes a 
long time(1) 
Remember to charge(1) 
 

Moderate 

50 % (High) 
43,75 % (High) 
31,25 % (High) 

25 % (Moderate) 
18,75 % (Moderate) 
18,75% (Moderate) 

 
12,5 % (Low) 
12,5% (Low 

6,25 % (Low) 
 

6,25 % (Low) 
 

6,25 % (Low) 
 

6,25 % (Low) 
6,25 % (Low)  
6,25 % (Low) 

2 Develop more quick-charging spots/16 
ampere (D) 
Label charging spots with max ampere (B) 
Develop automatic restarting of charging at 
deviations (e.g. blackouts) (D) 
Develop a built-in charging cord (D) 
Charging lamp should be lighting/blinking as 
long as it is charging (B) 
Label charging spots only accessible to EV 
(B) 
 
 
 
Feedback “Remember to charge” when 
removing key (B) 
 
Develop GPS/app finding charging spots (A) 
Develop service that supplies feedback of 
charging (e.g. via SMS) (A) 

Environmental 
impact  

False marketing (wind power) (2)  
Shows poorly that it is an EV (1) 

Low 
12,5% (Moderate) 

6,25% (Low) 
3 Remove “wind power-marketing” (B) 

Reinforce EV-branding (B) 

Safety  Quiet (extra attentive) (6) 
Motor-breaks heavily without 
indication (1) 
Uncertain of what the vehicle can 
handle in collision (1) 

Low 
 

37,5 % (High) 
6,25 % (Low) 

3 Implement a start-out sound/sound when 
driving (B) 
Activate brake lights sooner (B)  
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9 Appendix 1- Research abstract  
 
Journal description  
 
Research description  
 
Purpose: The overall purpose of this research is to support the development of the ELVIIS concepts with 
the aim to increase the confident of drivers of electric vehicles (EV) with the use of information 
technology. The idea is to develop guidelines and recommendations that can be used to improve the EV in 
general and the ELVIIS service concept in particular.  

Design/methodology/approach: A user-centered focus is adopted throughout the development process. 
The evaluation of the concept will be conducted in a series of iterations of qualitative oriented evaluations 
(in-depth interviews) aiming at (1) identifying and describing the perceived value drivers (benefits and 
sacrifices) of EV, including the ELVIIS concept, (2) exploring its usability. This document presents the first 
(out of two) user evaluation session which presents a “base line” with 16 users not having access to the 
developed ELVIIS service concept. 

Findings: The results of the interviews with the 16 users revealed 363 value drivers; 163 benefits and 
200 sacrifices. These benefits and sacrifices are related to the product, the service and the relationship 
aspects of value. It is noteworthy that the product dimension (product customization) and the relationship 
dimension (image) seem to be frequent scopes of value drivers that create value, while the product 
dimension (alternative solutions) and the service dimension (flexibility) seem to be frequent scopes that 
destroy value. Analyzing the frequency of value drivers and their impact, this report highlights a need for a 
reduction in sacrifices, in particular concerning: range, charging and information aspects. 

Research limitations/implications: This research reveals a need to find strategies for improving value 
creation of EV, specifically concerning: range, charging and information aspects. The value drivers 
identified originate from a user group not owning the vehicles and the vehicles are also prototypes. 

Practical implications: Producers of EV should acquire knowledge regarding the value they create or 
destroy for their customers. The drivers that destroy value should be identified, measured, analyzed and 
managed.  

Originality/value: This research contributes to the research of EV and gives a better understanding of 
what creates value of EV, i.e. what benefits and sacrifices do the users of EV perceive.  

Keywords: Electric vehicles, Value creation, Critical incidents, Usability, Range anxiety, Trust 
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10 Appendix 2- Interview guide [in Swedish] 

 
DEL 1 
Introduktion 
 
Intervjuaren: Beskriv studiens syfte 
 
Vem är den intervjuade? (Denna fakta kan vi hämta från Excel-sammanställningen utifrån namnet) 

1. Namn 
2. Befattning 
3. Avdelning 
4. Ålder 
5. Kön 
6. Boendeform 
7. Parkering- och laddningsmöjligheter hemma 
8. Parkerings- och laddningsmöjligheter på jobbet 
9. Bilanvändning i jobbet 
10. Bilanvändning privat 
11. Tidigare erfarenheter av att köra elbil 

För intervjuaren: Beskriv uppdraget och syftet 
 
Värdeskapande 
Forskningsfråga: Vad skapar värde med elbilen? 
 
Värde beskrivs som ett utbyte mellan upplevda fördelar och uppoffringar. (Ge exempel, som att klippa 
håret hemma kontra hos frisören)  
Vilka är de upplevda fördelarna respektive uppoffringarna med att köra elbil? 
 
Frågor: 

1. Kan du beskriva vilka fördelar du upplever med att köra elbil? 
2. Kan du beskriva vilka uppoffringar du upplever med att köra elbil? 
3. Vilka anser du vara de 3-5 viktigaste attributen av de du har angett? 

Kritiska incidenter 
För att få en rikare bild till de fördelar och uppoffringar du har angett, använder vi en teknik som kallas för 
”kritiska incidenter”, vilka kan vara antingen positiva eller negativa, de avviker från ett normaltillstånd 
och kan påverka dina attityder efter att de har inträffat. Du kan efter en kritisk incident vara mer positiv, 
neutral eller mer negativ i din upplevelse.  
Kan du beskriva om det har inträffat några kritiska incidenter under denna månad som du har kört 
elbilen, som har påverkat dina attityder och din upplevelse av elbilen? 
För varje incident, kan du beskriva: 

1. Vad som hände? Var konkret och noggrann 
2. När inträffade den kritiska incidenten? 
3. Varför inträffade den? 
4. Hur löstes situationen? 
5. Vilket resultat/effekt hade incidenten? 
6. Hur skulle du beskriva dina attityder och din upplevelse av elbilen innan den hände? 
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7. Har den kritiska incidenten influerat dina attityder eller ditt beteende mot elbilen? 
8. Vad kunde du lära dig från incidenten? Har något liknande hänt förut? Om ja, hur många gånger? 

 
 
DEL 2 
Överlämning och introduktion 
 
Intervjuaren: Beskriv andra delen av intervjuns syfte (fokus på interaktion med elbilen)  
 
Sorteringsövning  
 
Intervjuaren: Beskriv upplägg  
 
För att få en bättre bild över din upplevelse av elbilen kommer vi att använda oss av en teknik som kallas 
”ord kategorisering”. Den går ut på att du får en lista av ord, där du ska i olika steg ska välja ord som 
passar in på din upplevelse.  
 
Intervjuaren: Beskriv första uppgiften 
 
Intervjuaren delar ut lista med ord och en trave kort av hård kartong för påskrift. Läs igenom orden och 
säg till när du är klar.  
 
Visa gränssnitt för bilen.  
 
Tänk dig in i en eller flera situationer där du använde din bil för att ta dig från en plats till en annan. I 
denna situation interagerade du med bilens system på olika sätt med hjälp av gränssnittet.   
 
Fråga: Från den lista du har framför dig, kan du välja ut de ord som passar bäst in på din upplevelse av 
den interaktion som elbilen erbjuder via system och informationskällor?  
 
 
Räckvidd 
 - 

Räckvidd  
+ 

Användbarhet  
+ 

Användbarhet  
- 

Neutrala  

Begränsad Flexibel Organiserad Rörig  Avancerad 
Osäker Trygg Tilltalande  Ful Professionell  
Otillräcklig Tillräcklig  Rolig Tråkig  Omfattande  
Inkonsekvent Stabil Transparant  Tvetydig Bil  
Obekväm  Bekväm Anpassningsbar  Stel Kreativ 
Meningslös Användbar  Personlig  Strikt  Reglerbar 
Tidsödande  Effektiv  Minimalistisk  Klottrig  Golfbil 
Motsägande   Trovärdig Enkel  Svår  Informativ   
Frustrerande Säker Konsekvent  Förvirrande  Modern  
Stressande  Behaglig Praktisk Obrukbar Imponerande  
Krävande  Tillfredställande Lätt att använda  Komplex Dåligt 
Oattraktiv  Attraktiv  Engagerande  Besvärlig  Respektingivande 
Oförståelig Intuitiv Underhållande  Osäker Cykel 
Vilseledande Förståelig Logisk   Obegriplig Hög kvalitet 
Tråkig Motiverande Vänlig Felaktig Go-cart 
Svag  Kraftfull Okompliserad Komplicerad Lämplig  
Föränderlig  Förutsägbar  Sofistikerad Slarvig Ordinär  
Överflödig Relevant  Meningsfull Ologisk Gammal  
Förvirrande  Konsekvent  Bra  Irriterande Överväldigande  
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Oförutsägbar Pålitlig  Familjär Distraherande Spännande  
 
Intervjuaren: Beskriv andra uppgiften   
 
Urval av ord.  
 
Fråga: Från de ord du har valt ut, kan du välja ut de 5 viktigaste orden?  
 
Intervjuaren: Beskriv tredje uppgiften  
 
Öppen diskussion kring de 5 orden som valts ut. 
 
Fråga: Hur gick dina tankar när du valde detta ord? // Till vilken aspekt av 
körsituationen/informationutbudet kopplar du detta ord till? // Vad är det i gränssnittet som försträrker 
denna känsla?  
 
Effekt av informations teknologi  
 
Intervjuaren: beskriv upplägg 
 
Tänk tillbaka till när du använde och körde elbilen.  
 
Fråga:  
  

1. Vilken information tittar du efter när du kör din elbil?  
2. Vad för information saknar du idag?   
3. Vilken information skulle förbättra din körupplevelse?  

 
Räckviddsoro 
 
Intervjuaren: beskriv räckviddsoro koncept (begränsning i räckvidden)  
 
Tänk tillbaka till när du använde och körde elbilen och de erfarenheter du fått av elbilen.  
 
Fråga:  
 

1. Hur har du själv upplevt räckvidden i elbilen?  
2. Har du själv upplevt räckviddsoro (före/efter/under) användandet av elbilen? varför/varför inte? 
3. Vad tror du är det ursprungliga problemet för räckviddsoro?  
4. Vad tror du skulle minska räckviddsoro?  
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11 Appendix 3- Value drivers 
Note: The numerical data within brackets indicate the number of observations of the value driver. 
 
   Scope                    

Domain 

 PRODUCT                                                       SERVICE                                                       RELATIONSHIP 

(Number of respondents)                                                 

 

BE
N

EF
IT

 

Product quality 

Comfortable seats (3) 

Comfortable(1) 

Convenient (1) 

Small(1) 

 

Product customization 

Quiet (13) 

Fun to drive (11) 

Easy to drive (10) 

Fast acceleration (9) 

Exciting to drive (8) 

Lay steady on road (5) 

Flexible (4) 

Like an ordinary car (2) 

Works without problems (2) 

Started without problems(1) 

Nice to start up vehicle(1) 

Comfortable to drive(1) 

Steady(1) 

Satisfactory(1) 

Pleasant to drive (1) 

Rolls very far (1) 

Cool sound (1) 

Runs even(1) 

Nice driving characteristics(1) 

 

Alternative solutions 

Range sufficient (6) 

Range indicator correct (3) 

No shifting gear (2) 

Many refinements(1) 

Speed limit (1) 

Ethanol heater (1) 

Highway/drive (1) 

Automatic lock (1) 

Bliss function (1) 

Responsiveness 

Eco-driving (1) 

Motor breaking (1) 

 

Flexibility 

No visiting petrol stations (5) 

Charging (1) 

Charging at home (1) 

Charging at work (1) 

 

Reliability 

Parking access (1) 

Avoids road fees (1) 

 

Technical competence 

Good support at Volvo (1) 

 

 

Image 

Driving is cost efficient (10) 

Environment (10) 

Attention (7) 

Cool (4) 

Positive commute car/pool car/ 

city car (4) 

Nice concept (2) 

Unique feeling (1) 

Looking forward to try it again (1) 

Fantastic invention (1) 

Many potential customers (1) 

Perfect as a second car (1) 

 

Trust 

Anxiety decreased with experience (2) 

Reliable at normal driving with charging 

possibilities (1) 

Satisfied with driving experience (1) 

Having control (1) 

 

Solidarity 

Driving more carefully (energy efficient) 

with own car (4) 

Driving more carefully (energy efficient) 

(2) 
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SA
C

R
IF

IC
E 

Product quality 

Heavy, long doors (4)  

Did not always start (1) 

Seats difficult to regulate (1) 

Toned windows limit vision (1) 

 

Product customization 

Quiet (extra attentive) (6) 

Gas pedal runs uneven (1) 

Must drive carefully over road bumps (1) 

Had to avoid water pools (1) 

Motor-breaks heavily (1) 

Miss a start-up sound  (1) 

 

Alternative solutions 

Limited range (6)  

Bliss (5)  

Range indicator not trustworthy (5) 

Energy rapidly decreases when levels are 

low (3) 

Range insufficient (3) 

Indistinct charging indicator (3) 

Highway/drive was incomprehensible (2) 

Battery capacity (2) 

GPS difficult to access/remove (2)  

Could not access a clock (2)  

Handbrake not usable (2) 

Uncertain about red knob between seats 

(2) 

“Belted back” visual at all time (2) 

Start-up messages creates  (1) 

uncertainty/stress (2) 

Additional information remove important 

information (e.g. range) (1) 

Lot of information in small space (1) 

Requires many steps to access right 

information (1) 

Not possible to show several information 

sources at once (1) 

Digital/analogue indicators illogical (1) 

Wipers energy demanding (1) 

Eco-driving indicator incomprehensible (1) 

Effect indicator incomprehensible (1) 

Charging indicator gives insufficient  

information (1) 

Difficult to detect charging spot in 

darkness(1) 

Miss automatic wipers (1) 

Miss sensors in front (parking) (1) 

Dark coupé when removing key(1) 

Big, inconvenient key(1) 

Lacks pace setter(1) 

Responsiveness 

Need information of charging spots 

(GPS/app) (8) 

Need feedback of charging (incl 

deviations) (5) 

Lacks feedback of total energy 

consumption (2) 

Feedback of charging lamp takes a long 

time(1) 

Lacks feedback of energy consumption 

in relation to driving behavior(1) 

 

 

Flexibility 

Planning drive (8)  

Charging time-consuming (8) 

Adjusting ampere (7) 

Constant charging (5) 

Lack of charging spots (4) 

Limited charging at home (3) 

Need charging spots with 16 

ampere/fast charging (3) 

Uncomfortable and dirty  

to charge (2) 

Wants sun cells back-up (2) 

Deviations from driving plan requires 

charging possibilities (1) 

Must bring ethanol at all times 

Remember to charge(1) 

Demands charging at work (if 

commuting) (1) 

Remember to bring/remove charging 

cord(1) 

 

Reliability 

Lacks back-up (5) 

Discharged (2) 

Uncertain what the charging spots 

manage (2) 

Could charge up to 80 km (1) 

Charged poorly at the beginning (1) 

Never fully charged (1) 

Blackouts terminate charging (1) 

Could not lock all charging spots (1) 

 

Technical competence 

Need instructor book (2) 

 

 

 

 

Image 

No family car /small/unpractical (8)  

Expensive second car in relation to area 

of appliance (3) 

Requires access to alternative car (2) 

False marketing (wind power) (2)  

Limited use (2) 

Shows poorly that it is an EV (1) 

Cannot replace a normal car (1) 

 

Trust 

Limited range (anxiety) (11) 

Always charge excessively  

(anxiety) (4) 

Anxiety of being out of power (3) 

Saving-mode (60 km/h) at motorway 

causes anxiety (1) 

Uncertain of what the vehicle can handle 

in collision (1) 

Driving at the margin all the time (1) 

Magnetic fields (anxiety) (1) 

Careful at the beginning (1) 

Charging was stressful at start (1) 

Unreliable (1) 

 

Solidarity 

Accepts errors because of prototype (1) 

Charging at work place often inaccessible 

due to non-EV (1) 
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12 Appendix 4- Critical incidents 
 
No Type Critical incident Description Outcome Consequences Alternative solution 

1 Negative Handbrake locked “...the handbrake got locked on a couple of 
occasions and then we had to wait ten minutes… 
one time I had to leave the car and walk home…” 
 
 

“I called (Volvo support)… I got to borrow another 
car and they tested the old one at Volvo… I 
stopped using the handbrake because I did not 
feel I could trust it…”  
 

”...it did not affect us, we have 
another car... I have not connected 
this problem to the fact that is an 
electric vehicle, but rather that it is a 
prototype…” 

”It would have been positive to 
have some kind of manual 
function...” 

2 Positive Attention ”...there has been a lot of people that have 
appreciated that it is an electric vehicle... where 
we live there are a number of people working at 
Volvo that have heard about the car but never 
seen it...” 

”They came with us when driving the car... People 
have been very interested.”  

”...it has been a lot of fun… also 
when you discover how many times 
you have to go to the petrol station 
that I do not need to any longer... It 
has been an eye-opener...” 

 

3 Negative Attention ”Some people have complained about Göteborg 
energy’s brand (note: on the vehicle) and asked: 
”So you can afford this having financial 
problems?”...” 

“I had to explain that this is a test vehicle…” No influence  

4 Negative Adjusting ampere ”...we had to replace the fuse on two occasions as 
I forgot to adjust from 16 to 10 ampere when 
coming home...” 

”... we had to use the manual...” “No, it did not influence me…” “Maybe this should be highlighted 
somehow...”  

5 Negative The car rolled away “...I was parking the car in front of a store and 
forgot to pull the handbrake...In this case the car 
was still running and as I was leaving the car it 
started to roll away…” 

“It was my fault... It would probably not have 
happened in a normal car...”  

“No, I could not say that it 
influenced me negatively...”  

 

6 Positive Attention ”....people are interested and want to drive the 
car... neighbors and all sorts of people are saying 
”how cool” and ”an electric vehicle – we have to 
try it”...”  

“...so I drove a lot with different people…” ”The attention influenced me 
positively...” 

 

7 Negative Warning sign ”Belted 
back” 

“…we had a children seat in the back and the 
warning sign said ”Belted back”, but no one was 
sitting there… we had problems with this on a 
daily basis.” 

”...I had to stop and restart the car. That was the 
only thing I had to do for the warning sign to 
disappear.”  

”There are so many other positive 
aspects about the car that this is 
nothing…”  

 

8 Negative Safety-mode “turtle” 
was initiated 

“...I had about 10 km left and came to a slope, I 
was going to pass a bridge... I could not 

“...I had only a couple of hundred meters left so I 
felt that it would work out, maybe someone could 

”I saw that this was more of a 
benefit, a function that is initiated 
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accelerate at that point as the safety-mode ”turtle-
mode” was initiated.” 

come with a charging cord.” and helps you to reach your 
destination....” 

9 Negative Repeating message 
”Service on airbag” 

”...when I put the safety-belt on my son... a 
message appeared saying the airbag needed 
service.” 

”...as soon as I picked him out of the car, the 
message disappeared.” 

“No, I was not.” (Note: Negatively 
influenced by incident) 

 

10 Negative The pacesetter was 
not functioning when 
driving over 105 
km/h  

”The pacesetter was only working up to about 105 
km and then it stopped working…”  

“…it was not possible to restart it until you had 
stopped the car and restarted it.” 

“I felt rather irritated.”  

11 Negative Unanticipated 
accident caused 
problems with range 
and anxiety  

”...I had the car during the week there was a big 
accident involving a truck on road E6….” 

“...we had to drive towards Marstrand and then 
you felt, oh, the range decreased rapidly...we had 
to drive an extra 20 km to get home...” 

”....and then we felt, maybe we can 
come home, well otherwise maybe 
we can call someone.”  

 

12 Negative Handbrake locked ”It was not possible to release the handbrake and 
the car was not fully loaded either, so it was 
impossible for me to get home.”  

”I had to call Fredrik (note: contact person at 
Göteborg energy) and he came up… I got to 
borrow another car during the weekend… I was 
told not to use the handbrake again, so I never did 
that.”  

”No, no....this is a prototype, so it is 
not finished...” (Note: Not negatively 
influenced by the incident) 

 

13 Negative Repeating message 
”Service on airbag” 

“A message saying, the airbag needed service 
appeared at any moment.” 

”I turned it off because I called (Volvo) and they 
told me that it was nothing to worry about.”  

“No, I do not think so. It was not an 
issue that influenced me not 
wanting to use the car.” 

 

14 Negative The volume on the 
radio adjusted 
spontaneously when 
turning the wheel  

”When I turned right, I think, the volume on the 
radio increased, when turning left the volume 
decreased.” 

”...two guys from Volvo fixed it.  No (Note: Not negatively influenced 
by incident) 

 

15 Positive Attention ”One positive aspect has been all the curious 
people and I have been able to tell them about the 
car... there have been many questions...” 

”I think it has been fun.” Positively influenced  

16 Negative Quiet ”A man was about to grab the car as I was going 
reverse because he heard no sound from the 
car...”  

“...one has to be extra attentive and carefully 
check to see that no one is standing behind the 
car because they cannot hear any motor sound...”  

No influence  

17 Negative Range anxiety ”... we had 5 km left, the range indicator showed 5 
and the turtle-mode lit and we had a steep hill in 
front of us and I said to my husband: ”Check to 
see if any car is coming” and he leaned out... we 
did not drive faster than 50, 60...”  

”...but we did it, however none of us said a word 
during the whole ride, the last kilometers, we were 
afraid to, the only thing we did was to see if 
another car showed up...” 

No influence  
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18 Negative Did not fully charge 
at work 

”There was something wrong with the charging... 
when I was going home it said ”range 35 km” and 
you do not have to be Einstein to figure out that it 
can become problematic when having 53 km 
home…”  

”I was driving on safety-mode on the motorway... 
but yes, I came home.”  

“...if we talk about the experience, it 
does not feel exciting. What do I do 
if I become stuck on the motorway?” 

 

19 Negative Charging problem ”....we were going on a one-day conference. I had 
called them in advance and asked: “Do you have 
charging possibilities?”… I need a minimum of 10 
ampere, I said. “Yes, we have 10 ampere.” It was 
this kind of motor heater that you need to 
program: “when are you leaving?”… This did not 
work… I had to run out of the meeting all the 
time.” 
 

”So I called the reception… “’... can you place your 
car in front of our workshop?” I said, absolutely….I 
drove the car there and after half an hour I went to 
check the charging and the light was switched 
off… a fuse had blown… No charging worked 
during the whole day. Maybe I had charged 15 km, 
max 20… I left the car and called Volvo and told 
them about the situation. “We do not have an 
agreement…” Well, how do we solve this 
problem? “We have to bring the car to the main 
office (note: Göteborg energy) so we can charge 
it.” 

”I was not mentally present during 
the whole meeting because of this 
car... and it makes you question if 
you want to own a car like this?”  

 

20 Negative Lacked information 
about the car 

“I would have needed more information about the 
car... there have been several people asking me 
about the car...  

”I could not answer their questions.” ”Embarrassing...”  

21 Negative Range anxiety ”There was one situation when I had not charged 
it as I thought it would work out fine... but the 
range decreased quickly at the end...” 

“...I felt that this will not work out... It was a scary 
feeling… we had to take the car to the 
marketplace in Bäckebol as they had charging 
possibilities there. We charged the car about 45 
minutes, just enough to get to work.  

”That feeling was not comfortable, 
that I can say... No, it created 
anxiety that we will not make it. 
Maybe we end up in a situation 
where we get stuck in 
Tingstadtunneln? And the car has to 
be towed away, and it says 
Göteborg energy on it. These 
scenarios were considered at that 
point.” 

 

22 Negative Driving at the margin ”...one time there was very little power left and the 
car went really slowly. I have a slope up to my 
house, a quite steep slope and I thought: ”I 
wonder if I will make it up there?”  

”...well I thought that if I will not make it up to the 
house, then I have the option to charge it where I 
keep my boat...”  

”Yes, at that point it influenced me 
negatively, but as a whole this 
incident has not influenced me 
being negative towards the electric 
vehicle.”  

 

23 Negative The fuse blows ”...we had gone to bed and my wife woke me up ”...I had to go out and replace the fuse and start ”Well, this is a way of living.”  
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saying that the fuse had blown...” the car and restart the charging, otherwise I had 
only 30, 40, 50 km left… and I had been forced to 
take the other car.”  

24 Negative The fuse blows ”...we charged it with 10 ampere and at the same 
time we ran the sauna... the fuse blows, which we 
noticed... another time the fuse had blown and the 
car had not charged during the whole night...” 

”...she had to take the other car, she did not want 
to gamble... during the following nights she 
regularly checked the charging as this incident 
created anxiety...” 

”This charging issue has created 
anxiety.”  

 

25 Negative Driving at the margin ”...she started to charge it at work but after a little 
while, an hour or so, we had to get back to 
Göteborg and then the range indicator decreased 
and it said about 10 km... she became very 
nervous and turned off the heater and radio so 
she would make it…” 

”She called me and I tried to guide her over the 
phone to a charging spot....It creates anxiety when 
it says that you only have 10-15 km left.”  

“This incident maybe does not 
influence you negatively. I think it 
has more to do with you getting to 
know the car.” 

 

26 Negative Warning “Serious 
engine problem” 

”... the last day when I was going to return the car 
and started it, it said something like: ”Serious 
engine problem”, the car cannot be started...”  

”...but I just tried to restart it and it worked...” “These types of messages make 
you lose some of your trust... What 
happens when you are on the 
motorway, does the car just stop? It 
is not so fun to receive these kinds 
of messages.”  

 

27 Negative Handbrake locked “The handbrake locked on one occasion…” “The problem was solved after a little while, and 
then it worked again.” 

No influence  

28 Negative Blackout ”...the other weekend when there was a storm we 
had a blackout at our house and we had the car 
on charging. When the power had switched on 
again we did not think of checking the charging of 
the car, and in the morning we discovered that it 
had not switched on again...”  

”We could not use the car that morning.” “No. This blackout feels like an 
extraordinary incident.” (Note: No 
negative influence)  

 

29 Positive Quiet ”...when driving in parking places no one hears 
that you are coming...”  

”I think this is positive…” Positive influence ”Maybe there should be some 
kind of button or something that 
you can press to make some 
noise when being in these 
situations with a lot of people... 
something softer than a horn...”  

 30 Negative Battery error ”...a message just came up on the display: 
”Battery error”...” 

”I called and asked if this was anything I could fix 
myself and he told me to… reset the battery… I 
did this to both batteries, but the problem 

“This definitely did not influence my 
opinion about the electric vehicle.” 

 



Electric Vehicles: An interview study   2012  

 
©   ELVIIS Consortie                  33  
  

remained… they had to come and fix it… I got to 
borrow another car after this...” 

31 Positive Curious 
neighborhood 

”...I believe that many people you meet are very 
surprised and curious... the car is definitely being 
noticed... I believe that they are very impressed.” 

”It gives you a positive feeling.”  Positive influence 

 

32 Negative Did not fully charge 
at work 

”The car was not fully charged when I was going 
home at 6 o’clock. I left it and went shopping a 
couple of hours and returned at eight, but it had 
only charged a little bit. Then I worked until ten 
and then it said 65 kilometers on the display so I 
thought: “I will try, I am going home now.” “ 

”But the display fooled me this time because I did 
not get further than 40 km that time... I had to 
charge it on a parking place, one and a half hour… 
I just wanted to avoid towing…”  

”... as soon as there is a deviation 
you feel anxious... it got me to think 
that the electric vehicle is maybe not 
the optimal car, but you need a 
hybrid with some kind of back-up.”  

 

33 Negative The hand-over of the 
car did not work 

“I was leaving work to go home with the car when 
I met a colleague that had used the car and I said: 
“This is the car I am borrowing.” He said: “You 
cannot take this car, it has not been charged 
enough.” It was also very dirty...I had to sit here at 
work for several hours that afternoon... When I 
decided to take the car I could only drive 60 km/h 
on the motorway.”  

”I got home...” ”This was not an incident that 
influenced my opinion of the electric 
vehicle...” 

“Someone had given him 
permission to borrow the car, 
which he should not have.” 

34 Negative Could not bring my 
sick child from 
daycare 

“I received a call from daycare that one of my 
children was sick… “You have to bring your child.” 
I had to say that I could not come because the car 
had not been charged.”  

“...I had to call my husband instead who had to get 
our child... After this point I started to charge the 
car both at home and at work.  If it had a little 
longer range if would have been enough for me to 
charge it at work, but to be on the safe side, for 
incidents like these, I had to start charging it at 
home as well.  

”Yes, it influenced me. I would not 
buy this car.” 

 

35 Negative Handbrake locked ”The handbrake locked when having two hungry 
children in the car, so they were involved in this 
too... First, I called Volvo but no one answered. I 
think I left a rather sour message, and then I 
called three people in this building and they did 
not answer either. At last Per Anders answered…” 

”He was a rock. He knew how to handle this 
situation....He did an excellent work... he 
understood my dilemma.” 

”I never used the handbrake again.” 

 

36 Negative The vehicle could 
not be used the first 
three days because 
it was totally 

 “...it had been driven so much during the last 
couple of days so it was tired...”  

”I had to leave it for charging for three days at 16 
ampere...” 
 
 

No influence 
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discharged 

37 Positive  Attention ”So many people have asked about the car... they 
have had thousands of questions...”  

”It has been a positive experience...” Positive influence 
 

38 Negative Quiet ”...the first day I used the car there was a road 
construction and there was a man leading the 
traffic. He stood with his back against the car... 
then another car came that he was about to let 
pass at the same time as I was about to drive…”  

”...he did not notice that I came... He used his 
hearing. If I would not have stopped and seen the 
car coming I would have collided with this car…” 

”This made me more attentive 
towards the rest of the traffic.”  

 

39 Negative Heavy motor-break  ”When letting off gas the car motor-breaks very 
heavily and the brake lights sometimes lit up. If 
you let off the gas pedal completely the brake 
lights always activate...”  

“On a couple of occasions I did not let the gas 
pedal off completely and the brake lights were not 
activated. I saw that the cars following got really 
close... I was more attentive after this and let the 
gas pedal off completely for activating the brake 
lights...” 

“Was more attentive after this point.” ”Well, maybe the brake lights 
should be activated sooner in this 
car since it is motor-breaking so 
heavily...” 

40 Positive Attention ”I have received so many questions... so many 
people have been interested about the car....” 

“I have been able to answer these questions... It 
was really fun”  

Positive influence 
 

41 Negative The charging lamp is 
not blinking 

“When charging between 125 and 140 km the 
charging lamp is not blinking, but it is charging 
anyway.”  

”I learned this and continued charging.” ”It fools the driver into thinking it is 
not charging.” 

”Should blink as long as it is 
charging.” 

42 Negative Handbrake locked ”A message saying: ”Handbrake service” 
appeared in the display...” 
 
 

“I just turned the car off and restarted it and then 
the massage disappeared. Everything worked as 
normal... I heard that many experienced this 
problem...” 

“Stressful” 

 

43 Negative Driving at the margin ”I was driving to several destinations without 
charging possibilities and would then get back.”  

”The car went into safety-mode on the motorway.” ”Created some anxiety.” 
 

44 Negative Warning about 
airbag 

”A warning sign about the airbag showed up in the 
display...  It always showed up when I was 
starting the vehicle.” 

”I called about this issue... They said they would 
look into it, but there was no panic... They told me 
to use the safety-belt and I always do that... It did 
not feel like a big issue... It is not like the brakes 
are not working...”  

”No, it did not influence me…”   

 

45 Positive  Attention ”People are very impressed... they think it is cool 
and they have many questions... they are 
impressed that it is so quiet...”  

“I answer their questions…” ”No, I do not think that this has 
influenced me...” 
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13 Appendix 5 –Reaction card activity   
 

   words                    

type 

IDENTIFIED WORDS (SWE)  

(number of respondents) 

IDENTIFIED WORD (ENG) 

(number of respondents) 

 

Category  

 

Description Respondents 

   

Användbar(3) Usable (3) EV 
concept/interface  

The use of electricity [R2]; use of information sources (range, speed) [R14]; use of information 
source (car belt indicator, change of ampere)[R15] 

R2-L336, R14-L359, 
R15-L207 

Attraktiv (2) Attractive (2) Interface  Good looking body [R1]; availability of digital information [R13]  R1-L516, R13-L443 

Avancerad (2) Advanced (2) Interface Advanced look with new systems/electronics [R1]; advanced look with the available 
settings/functions/systems [R15] 

R1-L516, R15-L207 

Behaglig Pleasurable Driving experience Simple, easy to drive and comfortable to sit in [R8] R8-L594 

Bekväm (3) Comfortable (3) Driving 
experience/ 
interface 

It is quiet and comfortable, to sit in and drive [R1]; confortable to sit in and drive [R8]; it was 
confortable to sit in and drive and it was logical and simple design [R12] 

R1-L516, R8-L770, R12-
L283 

Bil (1) Car (1) EV concept It is a car as opposed to a toy [R1] R1-L517 

Bra(1) Good (1) Interface The availability of relevant information was good [R11] R11-L292 

Enkel (2) Simple (1) Interface The display was simple and showed relevant information [R4]; basic, simple and logical dislay 
[R14] 

R4-L174, R14-L359 

Förståelig (2) Understandable (2) Interface It was easy to understand [R14]; it was easy to understand and connect the feedback provided in 
the vehicle and to learn the different settings [R15] 

R14-L359, R15-L207 

Flexibel (1) Flexible (1) Interface You control the settings yourself [R15] R15-L207 

Go-cart (4)  Go-cart (4) Driving experience Fun, easy to control, fast and responsive handling, low centre of gravity (it sticks to the road) [R3, 
R4, R7, R10];  

R3-L211; R4-L174. R7-
L189, R10-L376 

Hög kvalitet (3) High quality (3) EV concept/ 
Interface 

The look and feel of the vehicle is elegant, good looking [R1]; the Lightning and the look and feel of 
the buttons [R13]; the availability of advanced systems demands good quality [R15] 

R1-L517, R13-L443, 
R15-L207 

Imponerande (1) Impressive (1) EV concept/ 
Interface 

To be able to drive an electrical vehicle and the information available in the vehicle [R7] R7-L153 

Informativ (2)  Informative (2) Interface The vehicle is informative, e.g., bliss [R7]; the feedback provided on your driving (e.g., simple, 
clear and big looking) and possibility to compare different information sources [R10]  

R7-L194, R10-L415 

Kraftfull(1) Powerful (1) Driving experience 
/ interface 

Simple and informative feedback [R6] R6-L285 

Logisk (3)  Logical (3) Interface The connection between how much you use and recharge[R6]; the overall look of the dashboard 
and the driver area [R7]; the display is logial, maybe because I have used Volvo before [R11]  

R6-L316, R7-L185, R11-
L292 

POSITIVE 
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Meningsfull (2) Meaningful (2) EV concept Good alterantive to a gasoline car [R2]; the environmental factor of driving the EV, you became 
aware on how your driving style [R12] 

R2-L338, R12-L295 

Modern (4)   Modern (4) EV concept/ 
Driving experience 
/ interface 

The concept of driving electrical vehicles, it is something new and futuristic which attract attention 
from others [R4]; the availability of new technology (e.g., free mode on the gear stick) [R5]; the 
environment aspect [R9]; it feels new to drive on electricity and it is a new technology [R12] 

R4-L174; R5-L1002, R9-
L581, R12-L219 

Motiverande (4)  Motivating (4) Interface You see how you use the energy, you become aware of you energy use [R2]; I thought of the 
environmental and economical perspective … you see the effect of you own actions [R4]; you have 
direct feedback on your driving style and it is a fun car [R10]; the information provided on your 
driving [R16] 

R2-L334; R4-L174, R10-
L457, R16-L297 

Organiserad (2) Organised (2)  Interface The settings you need the most is visible (speed, power meter) [R11]; there was a logic for the 
menu structure (but the radio was a bit difficult to handle/control) [R13];  

R11-L292, R13-L443 

Praktisk (2) Practical (2) EV concept / 
driving experience 

It is practical to charge at home, you do not need to go somewhere else [R2]; it was a very flexible, 
smooth and easy vehicle [R3] 

R2-L332; R3-L274 

Pålitlig(1) Reliable (1) Interface  It shows relevant information and reminds you when you e.g., still have the charging cord in the EV 
[R16] 

R16-L297 

Reglerbar(1) Adjustable (1) Interface  You could adjust the settings (ampere) [R14];  R14-L359 

Rolig (3) Fun (3) Driving experience 
/ interface / EV 
concept 

It is a fun vehicle, easy to control and manoeuver, and fun new displays [R4]; fun simple vehicle 
[R10]; fast, responsive, quiet vehicle [R12]   

R4-L174, R10-L347, 
R12-L269 

Spännande (1) Exciting (1) EV concept / 
interface 

Fun to try a new stuff, also you never new how far you could actually go, never know if/when the 
turtle would turn up [R7] 

R7-L166 

Stabil(1) Stable (1) Driving experience It sticks to the road, it is easy to drive [R8]  R8-L570 

Tillfredställande (1) Satisfying (1) EV concept/ 
Driving experience 

It was comfortable, and easy to drive, the experience exceeded my expectations [R9];  R9-L581 

Tillräcklig (2) Sufficient (2) EV experience / 
Interface 

This vehicle would be sufficient for most people [R9]; the information and the speed to access the 
information is sufficient, the information is relevant [R11];  

R9-L581, R11-L292 

Tilltalande (1) Appealing (1) EV concept People which I do not usually talk to came and asked questions and showed interest which were 
appealing [R8] 

R8-L679 

Viktig (2) Important (2) EV Concept/ 
Interface 

How you use the energy is important [R2]; the information provided on range is important [R6] R2-L337, R6-L284 

Värdefull(1) Valuable (1) Interface  It is valuable to have the range indication and to see the power meter, you become aware of you 
driving [R16] 

R16-L297 

  

Begränsad (4) Limiting (4) EV concept  Limited range [R3, R12]; limited range and long charging times [R5; R9];  R3-L245; R5-L1062, R9-
L581, R12-L236 

Bättre(1) Better (1) EV concept Would be better with longer range [R3] R3-L223 

NEGATIV

E 
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Ologisk (1)  Illogical(1) Interface Getting access to and “dismiss” the GPS display, the bliss was difficult to understand at the 
beginning [R10] 

R10-L323 

Otillräcklig (1)  Insufficient (1) Driving experience 
/ interface 

I did not have a reference point for judging the actual meaning of the displayed range (what does 
5km mean, is there a reserve?) [R6]; you do not know if you actually have enough range which will 
take you back, this is something you have to have in mind while driving [R8]; difficult to know what 
is good driving and how you could improve you driving [R16];  

R6301, R8-L717, R16-
L297 

Osäker (1) Insecure (1) Interface The range, I did not trust the range indicated in the display [R11] R11-L292 

Rörig (1) Messy  (1) Interface The first impression, the many new information sources and displays and available settings which 
you needed to learn [R5] 

R5-L837 

Stressande (4) Stressing (4) Driving experience 
/ interface 

The range and the insecurity of what to do when the battery starts to blink [R5]; the range 
indication changed rapidly at the end of the charge [R9]; the messages were displayed on top of 
each other and during driving you wanted to have the range displayed [R13]; I felt stressed when I 
did not know how to act upon the information given, I did not know how to improve the driving style 
[R16]  

R5-L979, R9-L581, R13-
L443, R16-L297 

Svag (1) Weak (1) Driving experience The vehicle becomes weak when you do not have much battery, you are forced to drive slower 
than you need to keep up with the speed of the surrounding vehicles [R5] 

R5-L938 

Tidsödande (2) Time-consuming (1) EV concept  It takes long to charge [R3]; there is much information on a small display, it demanded many 
button interactions and turning the stick to change settings [R13] 

R3-L291, R13-L443 

Tråkig(1) Boring (1) Interface It is a boring, simple display [R14] R14-L359 
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EXECUTIVE SUMMARY 
 
This report details research activities carried out by Viktoria Swedish ICT as part of the ELectrical 
Vehicle Intelligent InfraStructure (ELVIIS) project during Spring 2013. This document reports on the 
second (out of two) user evaluations conducted within the project. The presented study investigates the 
value of the ELVIIS charging concept developed. The goal of the study is to determine the potential of 
the ELVIIS charging concept and to provide recommendations for future improvements of the 
concept. The study consisted of 11 drivers using EV for 30 days in their daily life as a family car. All 
had previous experience of EV from participation in a prior trail performed during 2011. The follow 
up interviews included open-ended question and a word sorting activity to capture their opinions and 
experiences. The interviews were qualitatively assessed and analysed from the perspective of 
perceived value drivers (benefits and sacrifices). 

 
The results revealed 326 value drivers, which describe the perceptions of the interviewed drivers; 114 
benefits and 212 sacrifices. The identified benefits and sacrifices are related to the product, service and 
relationship aspects of the value. The most common benefits are remote access and the alternative 
information presentation the ELVIIS charging concept provides. The most common sacrifices are 
technical malfunction and unsynchronized data between the applications presenting the ELVIIS 
concept. The result from the comparative analysis of the negative and positive words related to the 
experience of the ELVIIS concept, identified three focus areas:  the suitability of the ELVIIS concept 
(20 words), i.e., the fitness of the concept to the daily life of the participants, the attractiveness of the 
service (12 words), i.e., the presentation of ELVIIS to the participants; and the usability of the service 
(19 words), i.e., the interactivity and ease of use of ELVIIS.  
 
A great majority of the identified words (45 of 51) are positive, which together with the relatively high 
number of positive value drivers, shows that the drivers of EVs have in general a positive impression 
of the ELVIIS charging concept.  However, the high number of negative value drivers indicates that 
some further improvements are needed. These include adding some new functions to the concept (e.g., 
trip planning, guidance to charging spots, charging progress) as well as a better synchronization of the 
different applications within the concept, more feedback to the users and ability to personalize some 
functions.  
 
Interestingly, it can also be concluded that the ELVIIS charging concept has the potential to minimise 
range anxiety due to its ability to control the charging process (check, set, access and confirm settings) 
and thereby build trust towards the system.  
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I. INTRODUCTION 
HE theoretical aim of the presented study is to evaluate what creates the value of the service concept developed 
within the ELectrical Vehicle Intelligent InfraStructure (ELVIIS) project (herein referred to as the “ELVIIS 
charging concept”) and to determine whether or not the developed services provide an additional value for the 
drivers of electric vehicles (EVs). The purpose is thus to produce knowledge, which can be used to improve the 
services associated with the ELVIIS-cars in particular and EVs in general.  
 
The study is addressing the following questions:  

 What additional value does the ELVIIS-charging concept provide for drivers?  
 How does the range anxiety affect the drivers?  
 What services would the users of EVs like to have in future EVs? 

 
The objectives are thus to, 
 

• Identify the attributes relevant to describe EVs drivers’ experience of the proposed charging concept.  
• Investigate the effect of the ELVIIS charging concept in terms of additional value.  
• Develop guidelines and recommendations that can be used to improve the ELVIIS charging concept. 
• Develop a list with additional features that the users of EVs think will be useful in future EVs.  

 
The above objectives give the following activities: 
 

 Perform interviews with the EVs’ drivers that has used the ELVIIS charging concept in the dedicated 
trails  

 Evaluate the effect of the tested concept  
 Transform findings from performed interviews into recommendations  

 
 

II. THE ELVIIS CHARGING CONCEPT  

A. Introducing ELVIIS 
The charging concept developed in the ELVIIS project uses mobile telecom network to coordinate the charging 
of cars, which increases the efficiency of the grid. The driver decides when the car should be fully charged, the 
minimum range required to charge immediately, and the current to be used for the charge. The information is 
sent over the mobile network to a system that determines the best time for charging, based on the lowest cost and 
current demand on the grid. After that, the driver’s bill is charged, no matter which power outlet is used. At 
present, the driver needs to enter a specific power outlet ID.  
 
The ELVIIS concept has been implemented in five cars of type Volvo C30. There are three interfaces 
(applications) that the users can use to access the ELVIIS concept: an in-vehicle application (in form of touch 
screen mounted in the centre console in the car), a web application, and a smartphone application (cf. Figure 1).  
Each of these applications has been updated during the time-frame of this user study. The updates were of both 
graphical and functional type (cf. Method). The following sections provide an overall description of the 
applications and the available functions.  

 
 

T 
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Figure 1. Schematic view of the three applications (in-vehicle, web, smartphone) included in the ELVIIS 
concept. 
 

B. In-vehicle application 
By using the in-vehicle application (touch screen), it is possible to adjust the following:  

• User information for synchronizing information between devices (phone number and e-mail address); 
• Minimum driving range which the EV should try to charge as soon as possible; 
• Time for when the EV should aim to be fully charged by; 
• Maximum charging current; 

 

C. Web application 
In the web application, it is possible for the ELVIIS users to view the EV’s status of charge (SOC), estimated 
range and the charging schedule. It is also possible to alter the user’s personal charge profile, force the car to 
start charging immediately, and to see statistics over previous charging, including the monthly charge reports. In 
addition, the users can see a map with their latest charging places as well as notifications and/or warnings issued 
by the system.  
 

D. Smartphone application   
In the smart phone application, it is possible for the ELVIIS users to view the EV’s status of charge (SOC) and 
the estimated range. It is also possible to force the car to start charging immediately. In addition, the users can 
receive notifications in case of malfunctions related to the charge (e.g., the cord is disconnected, the charging has 
stopped, etc.). The smartphone application thus provides similar functionality as the web application. However it 
is not possible to see the charging history or monthly reports there.  
 
 
 

III. METHOD  
 

A. Data collection  
The first part of the study consisted of a field test (cf., e.g., Nielsen et al., 2006) in which drivers were asked to 
use the ELVIIS charging concept in their daily life and explore it to identify the limitations and opportunities of 
the concept (cf. Section procedure). The data generated were of qualitative nature; the reflections and self 
reported experiences of the participants.  
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The experiences of the participants were captured using semi-structured in-depth interviews, composed using 
Breakwell, Hammond and Fife-Schaw (1998). The interviews were explorative in their nature and based on 
previous research on customer-perceived value, trust, and range anxiety. Each interview included open-ended 
interview questions (Patton, 2002), as well as a critical incidents (Gustafsson and Johnson, 2003) review and a 
word sorting activity (Benedek and Miner, 2002). 
 
The critical incident technique was used to get a deeper understanding of the value drivers identified and also 
reveal additional value drivers that had not been revealed through the other parts of the interview (Gustafsson 
and Johnson, 2003). The notion of critical incidents traditionally refers to an episode where the customer 
interacts with the service provider’s contact persons, systems or physical equipment (Edvardsson and Olsson, 
1992). A critical incident (Bitner, 1990; Flanagan, 1954; Johnston, 1995) is an unusually positive or negative 
event that deviates from the norm and catches attention (Edvardsson and Olsson, 1992). 
 
The word sorting technique (Benedek and Miner, 2002); Barnum and Palmer, 2010) was utilised to capture the 
usability of the tested EVs; in particular, capture the experience of the information sources available. The word 
sorting activity consists of a list of adjectives, which can be used to describe user experience of interfaces. The 
lists consisted of 100 randomised adjectives (40% positive, 40% negative, 20% neutral), as people tend to pick 
the words, which are high up on the list (i.e., each participant were given a individual sorted list). The motivation 
for this approach is that it has been shown to help elicitate negative and critical comment and provide a good 
measurement of the desirability of interfaces (Rashid and Quigley, 2009). 
 

B. Data analysis  
This user evaluation study of the ELVIIS-concept is based on three theoretical areas: customer-perceived value, 
trust/range anxiety and usability. It is believed that these aspects are important to consider when evaluating the 
effect of the ELVIIS charging concept, as one of the aims with it is to increase the confidence of EV drivers of 
EVs with the use of the developed charging concept.  
 
Customer-perceived value 
Creating and delivering value is seen an ongoing concern of management in many business markets today 
(Ulaga, 2001). The literature contains various definitions of value and stresses different aspects of the concept. 
However, there are a number of recurring characteristics:  
 

 value is a subjective and individual concept (Gardial et al., 1994) 
 value perceptions are relative to competition (Gale, 1994; Gardial et al., 1994; Holbrook, 1999) 
 value varies over time and context (Lapierre, 2000; Witell et al., 2007) 
 value is embedded in the relationship (Lapierre, 2000; Ulaga, 2003) 
 value is conceptualised as a trade-off between customers’ perceptions of the benefits and sacrifices in a 

supplier’s offering (Zeithaml et al., 1990; Monroe, 1991; Woodruff and Gardial, 1996; Ulaga and 
Chacour, 2001) 

 benefits and sacrifices can be multidimensional (Anderson et al., 1993; Anderson and Narus, 1995; 
1999; Lapierre, 1997; 2000; Ulaga, 2003; Walter et al., 2003; Vargo and Lusch, 2004; Ulaga and 
Eggert, 2006; Lusch and Vargo, 2006). 

 
 
A study performed by Lapierre (2000) identified a total of 13 drivers of customer-perceived value, which were 
then divided into three scopes: product, service and relationship. The perceived benefits, which include 10 value 
drivers, refer to the product (alternative solutions, product quality, product customization), service 
(responsiveness, flexibility, reliability, technical competence) and relationship (image, trust, solidarity). The 
perceived sacrifices, which include three value drivers, refer to price, time/effort/energy and conflict (see Figure 
2).  
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Figure 2. A conceptual model of value by Lapierre (2000) 

 
 
Trust and Range Anxiety  
Range anxiety is typically mentioned as the main factor affecting the penetration of EVs on to the global market 
together with long charging times and a high purchase price. Actually it is argued that “[a]side from the cost, 
likely the biggest barrier to mass-marketing electric cars is a problem colloquially referred to as “range anxiety”” 
(Wynn & Lafleaur, 2009). Range anxiety typically refers to the continual concern and fear of becoming stranded 
with a discharged battery in a limited range vehicle. The existence of range anxiety is related to the technical 
limitations of batteries of EVs: “[t]he problem is that the driving range in battery-only vehicles will vary greatly 
depending on the driving style. The range will go way down with aggressive and/or high speed driving. 
Therefore, consumers will have to be conservative in how many miles they think the vehicle will go”. Some 
definitions of range anxiety refer to the problem of recharging the EVs, that is, the phenomenon may not only 
relate to the occurrence of the particular situation but also to the available actions needing to be performed when 
in a situation in which the destination can no longer be reached. It is thus interesting to investigate the effect of 
the ELVIIS service concept in relationship to range anxiety.  
 
Trust has many of the characteristics describing the situation in which range anxiety emerges. In this context, 
trust is typically related to a person’s belief the ability of the technology to perform as expected. Trust is thus 
related to the relationship between the technology and the human.   Trust can be defined as ”the attitude that an 
agent will help achieve an individual’s goal in a situation characterized by uncertainty and vulnerability” ((Lee 
& See, 2004). Trust can have a major impact as it can make people using technology inappropriately; they do not 
trust the system so they do not follow its recommendations, or they relay too much on its capabilities. Achieving 
the right level of trust contributes thus to the improved confidence of drivers. However, the mere availability of 
information will not provide the correct level of trust.  
 
 
Usability  
ISO1 9241 – 11  (1998) defines usability as "[t]he extent to which a product can be used by specified users to 
achieve specified goals with effectiveness, efficiency, and satisfaction in a specified context of use". Usability 
testing is thus about measuring how well a product satisfies the usability criteria. This includes: (1) Learnability: 
How easy is it for users to accomplish basic tasks the first time they encounter the design? (2) Efficiency: Once 
users have learned the design, how quickly can they perform tasks? (3) Memorability: When users return to the 
design after a period of not using it, how easily can they re establish proficiency? (4) Errors: How many errors 
do users make, how severe are these errors, and how easily can they recover from the errors? (5) Satisfaction: 
How pleasant is it to use the design? 
 
 
 

C.  Participants  
In Study 1 (conducted in 2011), 15 participants were recruited at Göteborg Energi to participate in the study. The 
selection criteria were:  
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1. Participant will be able to use the car for one month; 
2. Participant will use the car in different situations for different purposes;  
3. Participant can participate both in Study 1 and Study 2; and 
4. Participant is not directly involved in the ELVIIS project.  

 
In this study, the participants are people who participated in Study 1, except four who were not able to 
participate any more. This means that the number of participants in Study 2 is 11. Of these, 6 are female and 5 
are men. The age of the participants range between 29 and 70 years. All participants are well experienced when 
it comes to the use of computers, smartphone applications, and touch screens (cf. Table 1). 
 
The cars used in the study are owned by Göteborg Energi. The participants could use these as company cars, i.e. 
they had to pay taxable benefit fee in accordance to Swedish law.  The participants were also responsible for 
cleaning the cars, adding windscreen washer fluid, and other day-to-day maintenance of the cars. However, they 
did not have to pay for the road toll. The cars were used both weekdays and weekends, and each participant had 
a driving distance of minimum 20 km a day (cf. Table 1).    
 
Table 1. Overview participants.  

Period  Participant Average driving 
distance per day 

Frequency of 
the EV use 

Computer, app, 
touch screen 

experience 
Iteration 1 P1 30 km Every day Good 

P2 60 km Every day Good 
P3 100-110 km Every day Good 

Iteration 2 P4 40-50 km Every day Good 
P5 60 km Weekdays Good 
P6 100-150 km Every day Good 
P7 40 km Every day Good 

Iteration 3 P8 20-30 km Every day Good 
P9 100 km Every day Good 

P10 80 km Every day Good 
P11 50 km Every day Good 

 

D. Task  
The participants in the study were given the task of using the EV during one month in a similar way as they 
would normally use a gasoline car. The participants were allowed to use the vehicle in private as well as at work.   
 

E. Procedure 
The presented study was of an iterative nature (Norman, 1993) that allowed for a continuous refinement and 
development of the proposed ELVIIS charging concept. An iterative process is to be recommended to fine-tune 
the design, as it is impossible to find all usability problems from the start (Norman, 1993). Indeed, Norman 
(1993) recommends at least three iterations to account for proceeding usability issues between the versions to be 
tested. In addition, a field test (as opposed to laboratory test (cf. Nielsen et al., 2006)) was used to capture the 
usage of the technology in context following the principles of Agar (1996).  
 
In practice, the study was set up as three separate (field) test periods (cf. above): Iteration I, Iteration II, and 
Iteration III (see Figure 3) in which the software update(s) were allowed in-between. The study was conducted in 
the time period 1st of March – 31st of May 2013, in which each test period lasted a month. Additionally, two 
kick-off events were organized, one prior to the Iteration I and one prior to Iteration II. At these events, the 
participants got information about the ELVIIS concept and the study. Prior to each test period the participants 
got an e-mail with the following material: the presentation material from the kick off event, user guide for the 
smart-phone application and the web portal, guide to the study inclusive the tasks that the users were asked to 
conduct during their first week, log-in details, Volvo C30 guide. 
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Figure 3. Schematic illustration of the procedure in Study 2. 

 
 

 
The system was updated continuously during each Iteration (Figure 3). The updates were scheduled every day 
10-11 a.m. In the middle of each iteration, the participants were asked to point out issues that need to be 
addressed. The updates are summarized in Table 2. 
 
Table 2. An overview of the updates in the ELVIIS-concept under each iteration.  
 Update description 
Iteration 1 • Addressed minor bugs in the ELVIIS software in the car. 

• Installed a switch in the car that enables the ELVIIS computer to be re-started (re-start 
button). 

Iteration 2 • Addressed minor bugs in the web application (reduced the number of decimals; repaired the 
car comparison function; improved the charging history view in the map; improved 
scheduling function; improved monthly charge history function; introduced that a charge 
re-scheduling is marked in green). 

• New version of the smartphone application (added a function that shows the date and time 
for the latest update; made the notification function to show notifications/warnings when 
changes occur, either from the web or smart-phone application; synchronized the SOC and 
range information between the car and smart-phone application; addressed the issue that the 
app was crashing when “Charge now” button was deployed; reduced the number of 
decimals in the charge Overview; created a new widget under Overview showing the SOC 
and range). 

Iteration 3 • New version of the web application (layout changes; graphical changes; added new widgets 
under Overview showing the SOC, range, and notifications; new function names) 

•  New version of the smartphone application (graphical changes to make it more similar to 
the web application) 

 
 
The interviews were performed at the location chosen by the participant, in the most cases at Göteborg Energi. 
The interviews were recorded using a separate voice-recording device (iPhone). The interviews were performed 
in Swedish. Each interview lasted about one hour. The recorded interviews were transcribed using a third part 
(contact established at Viktoria Swedish ICT).  
 
The interviews are transcribed and analysed using grounded theory (Strauss & Cobin, 1998) due to the nature of 
the given data. Grounded theory analysis consists of a series of activities; in this case the first stage of the 
analysis is chosen, i.e. “open coding”. Open coding analyses qualitative data by extracting concepts from the 
data. The data is analyzed in detail by comparing single comments for both similarities and differences. 
Comments that are considered to be similar in nature or meaning are grouped under the same concept, i.e., the 
same sacrifice /benefit value.  Each test period (iteration) was analyzed individually, in addition to a summative 
evaluation at the end.  
 

F. Material 
An interview guide based on previous research was developed to provide consistency across the interview 
(Appendix I). The interviews were divided into three main parts: In the first part, the participants are asked to 
describe the value drivers, that is, the benefits and sacrifices they perceive in relation to the ELVIIS-concept. 
They were also asked if they can identify specific critical incidents, either positive or negative, that have 
influenced their perception of the ELVIIS-concept. They are asked to provide a detailed description of the 
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incident, what triggered it and what the outcome was. The second part consisted of specific questions related to 
the components of the ELVIIS concepts. The focus was on the usage of the different parts of the concepts and 
the function they played in the daily life of the participant. In the third part, the participants were asked 
questions directly related to the range in EV and range anxiety (in relation to ELVIIS). They are also asked to 
perform a word-associating task, i.e., “word-list”. That is, the participants are asked to pick out the 5 words from 
a list, which describe their experience of ELVIIS concept. The words list reflects the usability of the ELVIIS 
concept as well as trust/range anxiety. The lists are randomized, as people tend to pick the words that are high up 
on the list.  
 

IV. RESULT AND ANALYSIS 

A. The value of the ELVIIS concept  
The overall view and conceptualization of the value of ELVIIS-concept fits with the suggested model by 
Lapierre (2000). That is, the value concept is deconstructed into scope (product, service, and relationship) and 
domain (benefit and sacrifice). In detail, the results reveal 326 value drivers, which describe the perceptions of 
the interviewed drivers; 114 benefits and 212 sacrifices, (cf. Figure 3). It can also be noted that, the benefits 
gradually increases between the iterations. The following sections discuss the identified drivers in detail.  
 
 

 
Figure 3. Overview of identified values for each part of ELVIIS. 

 

 
Figure 4. Schematic overview of the proportions of benefits and sacrifices between the different iterations (cf. 

Section Procedures). 
 
 
Benefits  
In each iteration, a number of benefits were identified for each application, as well as the concept as a unity (cf. 
Table 3). Many of these were related to the product-alternative solutions and the service-flexibility, in addition to 
relationship-trust. For more detailed overview of the benefits see Appendix II. 
 
 
Table 3. Overview and examples of positive value drivers (First step analysis). One value may occur in more 
than one iteration, and for one or all of the applications of ELVIIS concept.  
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Iteration  Smartphone application 

  

Web application 

  

In-vehicle 
application 

  

Concept related 
aspects 

Total number of drivers 
(examples of common drivers) 

Total number of 
drivers (examples of 
common drivers) 

Total number of 
drivers (examples 
of common 
drivers) 

Total number of 
drivers (example of 
common drivers) 

Iteration 
1 

24 (accessibility; availability; 
notifications; remote access;  
check charging 
status/progress)  

10 (more descriptive 
information, 
statistical 
information, check 
correctness of bill) 

10 (charge 
settings, 
confirmation of 
settings, charge 
now button)  

20 (access to private 
outlets, being in 
control, decrease range 
anxiety, cheaper 
energy bills, access to 
more charging points)  

Iteration 
2 

 33 (accessibility, availability, 
remote access, check current 
range, overview of status of 
vehicle)  

 14 (ability to show 
others, cost 
information 
overview)  

6 (charge now 
button, 
integration to 
vehicle, 
correctness of 
information)  

32 (access to private 
outlets, being in 
control, cost efficient, 
environmental friendly 
charging, decision 
support, check 
charging, remote 
access, no need for 
fully charge) 

Iteration 
3  

27 (accessibility, availability, 
check charging 
progress/status, remote access, 
decision support)  

20 (check progress, 
fun, view on bigger 
screen, extra 
information, easy 
overview)  

5 (integration to 
vehicle, always 
present, charge 
now button) 

18 (access to private 
outlets, cost efficient, 
decreased range 
anxiety, fun,  

 
 
 
Sacrifices  
In each iteration, a number of sacrifices is identified for each part of the concept, as well as for the concept as a 
unity (Table 4). Many of these are related to the product quality and customization, but also to the solutions that 
the participants were considering as missing in the concept and which would made it more useful for them. For 
more detailed overview of the sacrifices see Appendix III. 
 
Table 4. Overview and examples of negative value drivers (First step analysis). One value may occur in more 
than one iteration, and for one or all of the subparts of ELVIIS concept.  
 
Iteration  Smartphone application 

 
Web application 
 

In-vehicle application 
 

Concept related 
aspects  

Total number of drivers 
(examples of common 
drivers) 

Total number of drivers 
(examples of common 
drivers) 

Total number of drivers 
(examples of common 
drivers) 

Total number of 
drivers (example 
of common 
drivers) 

Iteration 
1 

31 (Unable to change 
amperage; Did not give 
feedback on a change; Did 
not provide guidance to 
public charging spots; 
Inaccurate; Would like to 
get notification if energy 
drops) 

23 (Difficult to find 
things; Charging history 
table was strange; 
Inaccurate; Charging 
map completely wrong; 
Did not give feedback on 
a change) 

26 (Did not work properly; 
Did not give feedback on a 
change; There should be a 
trip planning tool; Did not 
provide guidance to public 
charging spots;  
It should be possible to 
create different options for 
different days) 
 

10 (Too many 
bugs; Difficult 
to know what 
amperage is 
used; Difficult to 
know if the car 
is charging; 
Could not 
establish the 
contact; 
information 
about fuel 
consumption 
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should be 
included) 

Iteration 
2 

24 (Should provide 
notifications related to the 
EV; Unsynchronized 
clock; Should provide trip 
planning tool; Unclear 
when a function is 
activated; Small text) 

17 (It should be possible 
to associate a given 
charging spot with a 
given electricity contract; 
Unattractive; No “Early 
departure function; 
Messy overview; 
Charging map 
completely wrong) 

21 (No feedback when 
"Early departure" is 
activated; Should provide 
more functions; Worried 
about selecting the right 
amperage; Booting every 
time the car is started; 
touch function did not 
work properly) 

22 (Should give 
feedback on how 
much the car 
will be charged 
within a given 
time; Should 
provide a tool 
for searching the 
charging 
stations; 
Different 
layouts; 
Different 
language; 
Should provide a 
trip planning 
tool) 

Iteration 
3  

18 (Should be possible to 
select own charging 
settings; Unable to change 
amperage; 
Unsynchronized; Charging 
history map incorrect; Not 
possible to click) 

12 (It should be possible 
to optimize the energy 
price on your own; It 
should be possible for 
the users to create their 
own overview; Need to 
sit by a computer; It 
should be possible to 
change amperage; 
Unattractive) 

12 (Disappointed that only 
one button on the touch 
screen was activated; Did 
not work properly and 
must be re-booted every 
time the car was started; 
No benefit of having the 
touch screen; It should be 
possible to plug-in a 
smart-phone) 

18 (Did not 
work two weeks; 
Should provide 
an overview of 
the total cost of 
having and 
maintaining the 
car; 
Unsynchronized; 
System 
computer uses 
energy) 

 
 

B. Critical Incidents 
In order to get a deeper understanding of value creation of EVs the critical incident technique was used. A total 
of 75 critical incidents were identified; 60 were negative and 15 positive (Table 5, Appendix IV).  A great 
majority of the negative incidents are related to the in-vehicle system (touch screen) and the webpage, while the 
positive incidents are mainly related to the smartphone application. The critical incidents were identified in all 
three iterations.   
 
 
Table 5: Examples of the positive and negative incidents (see Appendix IV)  
 
Type of incident 
(Negative/Positive) 

Incident Description Outcome  Consequence Alternative 
solution  

Negative The 
computer 
did not 
work at 
all. 

(…) It became 
better, but then it 
could happen that 
the system 
computer was 
completely 
locked. 

NA The irritating 
thing was that I 
could not get the 
picture. 

Re-build the 
system 
completely 

Negative Could not 
regulate 
the 
amperage 

The screen was 
not functioning 
for a while. When 
it was out of 
function, I could 
not change the 
amperage  

(…) and I had to 
charge at 10A all 
the time. I did not 
dare to charge at, 
for instance, my 
mother's place as 
she has amperage 

(…) it was only 
the fact that I 
could not change 
the amperage.  

(…) it would 
be good if you 
could connect 
the app to the 
system 
computer and 
make changes 
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of 6A. 
Consequently, I 
could charge only 
at home or at 
work. 

from the app.  

Negative The 
automatic 
log in in 
the app 
did not 
work 
always. 

(…) the automatic 
log in did not 
work always. 

NA NA NA 

Negative The touch 
screen did 
not work 
properly 

One time when 
the menu was 
there from the 
beginning, I tried 
to change some 
settings and then 
it stopped 
working. 

I had to restart 
the computer on 
the re-boot 
button, but I am 
not sure if it 
worked anyway.  

NA NA 

Negative Error 
when 
accessing 
the old 
version of 
the app 

I got error every 
time I tried to 
access the app, so 
I could not use 
the previous 
version of the 
app.  

NA NA NA 

Positive Changing 
charging 
time 

When I changed 
the charging time, 
I could see it was 
beneficial for me. 

NA NA NA 

Positive "Early 
departure" 
unction 
worked 
well 

I used the "Early 
departure" 
function a few 
times and it was 
very simple to 
use. 

It worked fine. NA NA 

Positive Did not 
need to 
use re-
start 
button 

I did not need to 
use the re-start 
button in the car 
at all, the system 
computer has 
been working 
well.  

NA NA NA 

Positive Could 
check the 
amperage 

I was not sure if I 
had changed the 
amperage, and 
then I could go to 
the webpage and 
check it there 

I could see it 
there 

NA NA 

 
 

C. The user experience of the ELVIIS concept  
When the respondents were asked to select 5 out of the 100 listed adjectives to describe the experience of 
ELVIIS concept, a total of 51 words were identified; 45 positive and 7 negative words (Table 6). These words 
can be used to indicate the user experience of the ELVIIS concept and highlight any areas of concern. In 
particular, three focus areas emerged while comparing and contrasting the identified words:  the suitability of the 
ELVIIS concept (20 words), i.e., the fitness of the concept to the daily life of the participants, the attractiveness 
of the service (12 words), i.e., the presentation of the concept to the participants; and the usability of the service 
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(19 words), i.e., the interactivity and ease of use of the concept. A great majority of these words (45 of 51) are 
positive, showing that the drivers have in general a positive impression of the ELVIIS concept. 
 
 
Table 6. Overview of identified words according the (emergent) categories of attractiveness, suitability and 
usability.  
Iteration  Positive Negative 

Attractiveness Suitability Usability  Attractiveness Suitability Usability 
1 Exciting 

Modern  
Meaningful 
Important 
Suitable 
Usable  
Flexible  
Trustworthy 
Relevant   

Adjustable  
Understandable  
Simple  

  Misleading (2) 
Frustrating  

2 Engaging 
Attractive   
 

Usable (2) 
Enough  
Informative 
Valuable  
Assured  
Suitable  
Meaningful   

Adjustable  
Uncomplicated 
Simple  

   

3 Exciting  
Appealing  
Impressive 
Modern    
 

Reliable 
Relevant 
Safe  
Practical (2) 
Satisfying  
Usable  
Flexible  

Easy 
Fun 
Organized  
  
 

Ordinary 
Boring   

Limiting  Ambiguous 
Excessive  

 

D. The role of the ELVIIS concept 
A great majority of the participants (9 of 11) stated that they would recommend the ELVIIS concept to a friend 
using an EV or use it self in an EV. The main reasons for this were that the concept made it easier to charge and 
control the charging of the EV. In particular, remote access is pointed out as a primary benefit of the concept. 
Another interesting result is that only a few of the participants highlighted the fact that the ELVIIS concept is 
optimizing the charge of the EV with respect to the cost and grid demand. However, several participants found it 
useful and practical to be able to charge the EV at any outlet and still get the cost added to their own bill. Also, 
they appreciated the ability to get an overview of their charging history. From this it can be concluded that the 
ELVIIS concept provides a concretization of the charging experience and thereby fulfills the major needs of the 
users as they like to set the frames of the charging (how, when, where). There is, however, a range of functions 
that the participants would like to include in the concept (e.g., guidance to public charging spots, trip planning) 
in order to make it even more useful to them.  
 

E. Range anxiety and the ELVIIS concept  
Only a few of the participants explicitly (5 of 10) stated that ELVIIS had a positive impact on the their anxiety 
about the EV range. Those who explicitly stated that it did not have any effect listed reasons such as technical 
malfunctions of the applications accessing the ELVIIS charging concept and the fact that the EV needed more 
energy (while running ELVIIS) compared to not using ELVIIS. However, when comparing their experiences 
related to the range when charging with and without ELVIIS-concept, several participants (7) stated that 
charging with the ELVIIS was easier, and they would recommend the concept to their friends.  
 
Furthermore, it can be concluded that the ELVIIS concept has the potential to minimise range anxiety due to its 
ability to control the charging process (check, set and confirm settings) and thereby build trust towards the EV 
and available range. When using ELVIIS charging concept drivers used expressions such as “being in control”, 
“being certain of when the vehicle is ready”, “know the current state and the progress of charging”, in addition to 
“being able to compare the available range to the current planed trip without entering the vehicle”. In particular, 
the remote access to the current status of the vehicle was highlighted. Indeed, analysing the usage of the 
information provided via e.g., the smartphone application (State of charge, available range) it was noted that the 
drivers exploited the change in the values to become informed about the progress of charge. This should be 
compared to using the values as static information about the current state of the vehicle.  
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Interestingly, the drivers did not highlight the fact that ELVIIS charging concept allow the user to set a minimum 
range. Most drivers argued that they wanted the vehicle fully charged at any time. It should be noted that the 
drivers had difficult to understand this particular aspect of ELVIIS charging concept and this may have affected 
the results.  
 

V. CONCLUDING REMARKS 
 

A. Defining value of the ELVIIS concept 
The participants in this study have in general a positive impression of the ELVIIS concept, i.e., the perceived 
value of the ELVIIS concept is high. The participants find the ELVIIS concept useful and convenient in their 
day-to-day driving as it provides the ability to easily access, check, and control the charging process. This in 
spite the fact that the number of negative value drivers identified is higher than the number of positive value 
drivers. Many of the negative value drivers are related to the functions that the participants would like to have 
access to and are, therefore, not necessarily directly describing the functions currently available in the ELVIIS 
concept. However, it is important to take these drivers into account when considering how to make the concept 
even more useful and valuable for the users.  
 
Charging of the vehicle is, from a driver perspective, somewhat unpredictable: the drivers need to, by 
themselves, calculate a predicted finished charging time. This is one of the factors contributing to the experience 
of range anxiety. In this study we have seen that the users highlight the fact that ELVIIS allows the driver to 
being in control of the charging process. In particular being able to remotely access information is appreciated.  
 

B. Recommendations and lessons learned  
Although the results show that the value of the ELVIIS concept is high, there is still some room for 
improvement. The improvements are related to all applications included in the concept. These can be categorized 
in the following way (see Appendix III for more details): 
 

• Synchronization: time, data, presentation, basic functionality. All applications in the concept need to 
show the same time-stamp as well as the same data. Also, the information in these applications should 
be presented and visualized in the same way, e.g. the graphs should have same layout. Some basic 
functionality should be available in all applications, e.g. one should be able to see details about the 
latest charge in all applications, but the full charging history may be available only via the web 
application. 

• Feedback: more confirmation, cooperation, encouragement. The applications need to confirm that a 
change is registered. The concept should provide functions that encourage the user to drive more 
“green” (e.g. inform the user how to drive to save energy).  

• Personalization: own overview, own charge optimization. It should be possible for the user to set own 
preferences regarding the content on the overview page. Also, it should be possible to set own 
preferences regarding the optimization of the charging (e.g. if one wants to charge with “green” energy 
only then he/she could select this as the optimization criteria). 

• Additional functions: amperage control, charging spots, trip planning, charging progress, notifications 
about EV. Generally, the participants are satisfied with the functions available in the concept (given that 
these are error-free), but they would like to get access to more functions.  

 

C. Limitations of study 
One of the limitations of this user study is related to the technical issues. To exemplify, a minor bug occurred in 
the ELVIIS software in the first and second iteration and caused the ELVIIS computer in several cars to crash, 
while a connection problem occurred in the last iteration due to some updates in the operator’s network and 
resulted in the ELVIIS concept being offline for about two weeks. As a consequence of these and similar issues, 
the participants were not able to test the concept equally long. However, all participants judged that they had 
gotten enough experience of the concept to evaluate its potential and value. 
 
Another consequence of these technical issues is reflected in the number and type of negative incidents and 
negative value drivers. More specifically, many of the negative incidents and value drivers were in fact not 
related to the ELVIIS concept, but the participants experienced them as such since it was difficult to draw a clear 
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line between the technology and the concept. That is, the number of negative incidents and value drivers may 
have been significantly lower if the number of technical issues had been lower. 
 
Furthermore, the selection of the participants may have an impact on the findings of the study and their 
generalizability. It should be notified that all participants are employees at Göteborg Energi and are in general 
more interested in energy aspects and have a better understanding of energy units and its implications compared 
to the “average” EV user. In other words, the findings of this study are based on the impressions and experiences 
by a particular group of users and it is likely that the findings may be slightly different if another user group is 
selected. That is, this does not affect the usability problems identified (e.g., missing feedback) but rather what 
information they would like to access (e.g., Kilowatt data).  
 
Finally, one should also note that some of the findings may be affected by the nature of human behaviour. For 
example, when selecting adjectives to describe a product (in this case the ELVIIS charging concept) users are in 
general more likely to select positive words. On the other hand, users tend to be better at identifying and 
highlighting what is missing in a product than at highlighting its positive characteristics.  
 
 
 

VI. SUMMARY CONCLUSION 
 
Overall, the following aspects can be highlighted:  
 

• The ELVIIS charging concept provides convenience to the users  
– Most of the users would recommend it to a friend or use it self in an EV 

• The ELVIIS charging concept provides a concretisation of the charging experience  
– The drivers like to set the frames of the charging (how, when, where) 

• Some functionality was difficult to understand/use  
– This may have affected the perceived value of the concept 

• The updates of the system were positively perceived 
– The benefits increased between the different iterations  

• The attributes of the media used used (i.e., smartphone, web, in-vehicle system) for presenting the 
ELVIIS charging concept influence the experience of the ELVIIS 

– Remote access is the most common positive value driver  
• The following changes may improve the value of the ELVIIS: 

– Synchronization: same time, data, presentation, basic functionality 
– Feedback: more confirmation, cooperation, encouragement 
– Personalization: enable own overview, own optimization 
– Additional functions: amperage control, charging spots, trip planning, charging progress, 

notifications about the vehicle 
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APPENDIX I: INTERVIEW GUIDE  
INTRODUKTION 
 
Introducera användaren till intervjun genom att berätta:  
 
(1) syfte: VI är forskare och vi vill få reda på hur ELVIIS konceptet passar in i vardagen och vilka möjligheter 
och utmaningar som finns.  
(2) utformning: intervjun kommer att spelas in och transkriberas för vidare analys 
(3) upplägg: fokus på (1) värdeskapande, användbarhet, och räckviddsoro 
 
1. Har bilen fungerat bra så att du kunnat testa ELVIIS på ett tillfredsställande sätt? 
 
Kompletterande frågor:  

1.1. Har du kunnat ladda hemma och jobbet?  
1.2. Hur långa sträckor kör du dagligen?  
1.3. Hur ofta har du kört bilen?  
1.4. Är du en van app, dator, touch screen användare?  

 
 
DEL I: ANVÄNDNING AV ELVIIS KONCEPTET  
 
INTRODUKTION 
 
ELVIIS erbjuder ett alternativt sätt att ladda elbil. För att utforska hur det fungerat att ladda elbilen kommer vi 
att utgå från ett koncept som heter värdeskapande. Vi är intresserad av värdet av ELVIIS konceptet.  
 
Jag kommer nu och ställa frågor om det är vilka fördelar du upplevt när du använt ELVIIS konceptet respektive 
vilka uppoffringar du har upplevt, alltså vilka nackdelar du har sett med ELVIIS ladd koncept. 
 
EXEMPEL: Åka kollektivt är väl bättre mot miljön och det är billigare än om jag tar min privata bensinbil 
medans en uppoffring är att jag vet inte om jag kommer fram i tid, jag vet inte om man kan lita på att dels att ja 
spårvagnen dyker upp den tid som jag behöver, jag måste ha en viss marginal och åka i förväg för jag inte kan 
lita på det. 
 
Vi vill nu att du tänker på hur det är att LADDA ELBIL jämfört med hur det är att LADDA MED ELVIIS.  
 
FRÅGOR 
2. I vilka situationer använde du (1) hemsida, (2) appen, (3) systemet i bilen? 
 
3. Kan du beskriva vilka fördelar du upplever med att använda ELVIIS laddningskoncept jämfört med 

att laddas som vanligt?  
3.1. Några specifika fördelar med: App 
3.2. Några specifika fördelar med: Hemsida 
3.3. Några specifika fördelar med: systemet i bil 
 

4. Kan du beskriva vilka uppoffringar du upplever med att använda ELVIIS laddningskoncept jämfört 
med att ladda som vanligt? 
4.1. Några specifika nackdelar med: App 
4.2. Några specifika nackdelar med: Hemsida 
4.3. Några specifika nackdelar med: systemet i bil 
 

 
INTRODUKTION 
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För att få en bättre förståelse för de fördelar och nackdelar du angett använder vi en teknik som heter kritiska 
incidenter. Det kan vara någonting speciellt positivt eller negativt som avvikit från det normal som har i sin tur 
påverkat dig på din upplevelse av ELVIIS laddningskoncept? 
 
FRÅGA 

5. Var det någon händelse som stod ut (påverkade dig positivt/negativt)? 
5.1 Vad var det som hände?  
5.2 När inträffade den kritiska incidenten?  
5.3 Hur löstes situationen? 
5.4 Hur har denna upplevelse påverkat dig? (vilken effekt/resultat hade incidenten 

 

DEL II: FUNKTIONER INOM ELVIIS KONCEPTET  
INTRODUKTION  
Vi har några mer specifika frågor kring hur vi ELVIIS har fungerat.  
 
FRÅGOR 
6. Vilket system eller funktion tyckte du var mest användbar?  
7. Vilket system eller funktion tyckte du var minst användbar? Något som var överflödigt?  
8. Vad behövs göras (förbättras) för att du ska använda dessa system i framtiden. Vi kan börja med (1) 

hemsida, (2) appen, (3) informationssystemet i bilen?  
9. Finns det några andra funktioner eller information, utöver de som omfattas av ELVIIS konceptet, som 

du tycker skulle vara användbara i en elbil? Varför?  
9.1.1 Något annat kring laddning?  
9.1.2 Vilken information skulle förbättra din körupplevelse? 

 
 
DEL III: RÄCKVIDDSORO OCH INFORMATIONSKÄLLOR 
 
INTRODUKTION 
Vi är även specifikt intresserad av räckvidden i en elbil.  
 
FRÅGOR 
 
10. Hur har du själv upplevt räckvidden i elbilen? Har du upplevt några särskilda händelser? Hur har 

du hanterat räckvidden i bilen?  
11. Har du själv upplevt räckviddsoro (före/efter/under) användandet av elbilen? varför/varför inte?  
12. Har det varit någon skillnad sedan tidigare omgång? 
13. Vad tror du skulle minska räckviddsoro? 
 
INTRODUKTION 
En ytterligare aspekt vi är intresserad av är hur man använder informationen i bilen. Vad jag skulle vilja göra är 
att du ska tänka dig i en eller flera situationer där du använde den här bilen för att ta dig från en plats till en 
annan. 
 
FRÅGA 
14. Vilken information tittar du efter när du KÖR din elbil (när du sitter framför ratten)? Hur använder 

du den? 
 
 
AVSLUT  
  
 
FRÅGOR 
 
15. Skulle du vilja rekommendera ELVIIS till en annan elbilsanvändare? 
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15.1 Om du själv skulle äga en EV, skulle du vilja ha tillgång till ELVIIS? 
16. Är det något du vill tillägga som inte har kommit fram?  
 
Vi använder oss av en teknik som använder reaktionskort. 
17. Vilka ord passar in på din upplevelse av ELVIIS konceptet.  
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APPENDIX II: POSITIVE VALUE DRIVERS 
Positive values for the smart-phone application 
Iteration category subcategory Description (nr of participants)  

1 product alternative solutions accessability (2) 

1 product alternative solutions availability (3) 

1 relationship trust being in control of charging (1) 

1 service flexibility change charge stettings without leaving current context (1) 

1 relationship trust check charging progress (1) 

1 relationship trust check charging status  (1) 

1 relationship trust check your settings (1) 

1 product quality easy to use (1) 

1 product quality familiratity (1) 

1 service flexibility handle unpredictable situations (1) 

1 product customization increased intrest (1) 

1 product alternative solutions less stressfull access to vehicle (1) 

1 relationship trust notification (3) 

1 product alternative solutions overview of status of vehicle(1) 

1 product costumization positive usage (1) 

1 product costumization proactive notifications(1) 

1 service flexibility re-schedule charge (time) (1) 

1 service relaiabilty relevant information (1) 

1 service flexibility remote access (2) 

1 product customization set fully charged time (1) 

1 product quality simple (1) 

1 service responsiviness speed of access (1) 

1 product alternative solutions trigger charge over long distance (R1) 

1 service flexibility trigger imidiate charging(R3) 

2 relationship image  awarness of energy consumption(1) 

2 product alternative solutions access point to concept(1) 

2 product alternative solutions accessability (2) 

2 product costumization adaptability of information to the medium   (1) 

2 service flexibility additional time to take action(1) 

2 product alternative solutions alternative information presentation(1) 

2 product alternative solutions availability (3) 

2 product alternative solutions avoide comming to vehicle with no energy (1) 

2 relationship trust being in control of charging (1) 

2 relationship trust check battery status (1) 

2 relationship trust check charging progress (1) 

2 relationship trust check charging status  (2) 

2 relationship trust check current range (3) 

2 product quality confortable usage(1) 

2 service relaiability constant information flow (1) 

2 product quality decision support(1) 
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2 relationship trust dubbel check that one started charging (1) 

2 relationship trust dubble check charging progress (1) 

2 service flexibility easy access to info (1) 

2 product quality easy to use (2) 

2 product quality familiratity (1) 

2 product costumization fun (2) 

2 product quality information access: status and range(1) 

2 relationship trust notification (2) 

2 product alternative solutions overview of status of vehicle(3) 

2 product quality positive usage (2) 

2 service flexibility re-schedule charge (time) (1) 

2 product quality relevant information (1) 

2 product alternative solutions remote access (4) 

2 product alternative solutions remote range estimation(1) 

2 service flexibility set available range (1) 

2 product quality simple (2) 

2 service flexibility time saving(1) 

2 service responsiviness speed of access (2) 

3 product alternative solutions % battery information (2) 

3 product alternative solutions accessability (3) 

3 product alternative solutions availability (2) 

3 relationship trust being in control of charging (1) 

3 relationship trust check battery status (3) 

3 relationship trust check charging progress (4) 

3 relationship trust check charging status  (3) 

3 relationship trust check current range (2) 

3 relationship trust check status battery(1) 

3 relationship trust compare information sources (1) 

3 sevice relaiability constant information flow (1) 

3 sevice flexible convinient (1) 

3 product costumization decision support(3) 

3 relationship trust dubbel check that one started charging (2) 

3 relationship trust dubbelcheck battery level (1) 

3 relationship trust dubble check information (1) 

3 relationship trust dubble check that it stated charging (1) 

3 product quality easy to use (1) 

3 product quality familiratity (1) 

3 product costumization fun (2) 

3 relationship trust having control(1) 

3 product costumization notification (2) 

3 sevice flexible re-schedule charge (time) (2) 

3 product alternative solutions remote access (4) 

3 sevice flexible set fully charged time (1) 

3 product quality simple (1) 

3 product quality visable information (1) 
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3 sevice responsiviness speed of access (1) 

 
 
Positive values for the web application 
 

Iteration  Category Subcategory Description (nr of participants) 

1 product alternative solutions accessability (1) 

1 relationship trust back up system(1) 

1 relationship trust check correctness of bill (1) 

1 relationship trust check progress(1) 

1 relationship trust  statistical information (1) 

1 relationship trust control of vehicle history(1) 

1 product alternative solutions more descriptive information (1) 

1 product costumisation nice looking(1) 

1 product alternative solutions save data (1) 

1 product alternative solutions statistical information(1) 

2 relationship trust  proof of charging cost(1) 

2 product alternative solutions ability to show other(3) 

2 product alternative solutions access level of charge and range info (1) 

2 relationship trust back up system(2) 

2 relationship trust check available range (1) 

2 product alternative solutions statistical information (1) 

2 product alternative solutions cost information overview (2) 

2 product costumization decision support(1) 

2 product alternative solutions easier overview (new version)(1) 

2 product alternative solutions extra functionalities/information (1) 

2 service flexibility in absent of phone(1) 

2 product alternative solutions monthly information(1) 

2 product alternative solutions overview (1) 

2 service responsiviness speed of access (new)(1) 

3 product alternative solutions additional information(1) 

3 product costumization awareness of current use(1) 

3 product alternative solutions can print information (1) 

3 service flexibility change charging settings(1) 

3 relationship trust check progress(2) 

3 product costumization decision support(1) 

3 product costumization driving schedule(1) 

3 product alternative solutions easy overview (1) 

3 product alternative solutions extra functionalities/information (1) 

3 product alternative solutions extra information(1) 

3 service responsiviness feedback(1) 

3 product costumization fun (2) 

3 service flexibility good for update app(1) 

3 product alternative solutions historical data (1) 

3 product alternative solutions information presentation  (1) 

3 product costumization made me curious (1) 
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3 product alternative solutions overview (1) 

3 product quality relevant information(1) 

3 product alternative solutions save data (1) 

3 product alternative solutions statistical information(1) 

3 product quality view on bigger screen (2) 

 
 
 
Positive values for the in-vehicle application 
 
Iteration category subcategory Description (nr of participants) 

1 service flexibility access vehicle settings(1) 

1 service flexibility charge now button when new time constraints (1) 

1 service flexibility change charging settings (2) 

1 relationship trust check settings(1) 

1 relationship trust confirmation of settings (1) 

1 product costumization fun(1) 

1 service flexibility set charge settings(1) 

1 service flexibility set charging preferences (1) 

1 product costumization suitable for seldom users (1) 

1 product quality usable  (1) 

2 service flexibility charge now button when new time constraints (1) 

2 service relaiability correctness of information(1) 

2 product quality easy to use(1) 

2 product quality integration of functionality (1) 

2 product quality relevant information (1) 

2 service flexible set charging settings(1) 

3 product quality  integration with vehicle systems (1) 

3 product alternative solutions always present (1) 

3 relationship trust back up system (2) 

3 service flexiblity charge now button when new time constraints (1) 

3 product quality visability of info (1) 

 
 
 
Positive values for the general concept  
 
Iteration category subcategory reduced description  

1 service trust ability to take action (1) 

1 product alternative solutions access to more charging points (1) 

1 product alternative solutions access to private outlets  (1) 

1 service flexibility change charging status  (1) 

1 relationship image cheaper energy bills (1) 

1 relationship trust check charging status  (1) 

1 service flexibility check your settings (1) 

1 relationship solidairty concern using other peoples outlet (1) 

1 relationship trust decreased range anxiety (1) 

1 relationship image energy efficient charging (1) 
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1 product alternative solutions flexible charging (1) 

1 service flexibility Flexible  (1) 

1 product alternative solutions independence of the vehicle (1) 

1 product quality it works(1) 

1 product alternative solutions mulitple accesspoints(1) 

1 product costumization one bill (1) 

1 service flexibility set a time (as opose to level)(1) 

1 service responsiviness speed of change settings (1) 

1 service flexibility suitability to reoccuring routines (1) 

1 service flexibility time independent acess (1) 

2 relationship image ability to drive less/shorter trips (1) 

2 product alternative solutions access to private outlets  (2) 

2 relationship trust being in control (2) 

2 service flexible change charge settings(1) 

2 relationship trust check charging  (1) 

2 relationship trust check charging progress  (1) 

2 relationship trust check driving (1) 

2 relationship trust control the charging process (1) 

2 relationship image cost efficient(2) 

2 relationship image cost overview(1) 

2 product costumization decision support (2) 

2 product alternative solutions determine finish time (1) 

2 product quality easy to use (1) 

2 relationship image energy efficient charging (2) 

2 relationship image environmenal friendly charging (2) 

2 product costumization exhiting/fasinating concept (1) 

2 relationship solidarity I take the cost of the charging of vehicle(1) 

2 relationship trust increased trust towards EV(1) 

2 product alternative solutions mulitple accesspoints(2) 

2 relationship solidarity my own bill(1) 

2 product alternative solutions no need for fully charge  (2) 

2 product costumization one bill (1) 

2 product alternative solutions optimal charging abilities(1) 

2 relationship solidarity paying for the energy you use(1) 

2 product quality positive (1) 

2 product alternative solutions remote access (2) 

2 service flexible see the cost of charging (1) 

2 service flexible set a time (as opose to level)(1) 

2 service flexible set minimum range (1) 

2 product quality simple (1) 

2 relationship solidarity social acceptance (1) 

2 product quality the use of the vehicle(1) 

3 product alteranative solutions access to private outlets  (1) 

3 relationship image awareness of current use(1) 

3 service flexibility charge now (1) 
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3 relationship trust control the charging process (1) 

3 relationship image cost awareness(1) 

3 relationship image cost efficient(2) 

3 product costumization cost overview(1) 

3 product costumization decision support (1) 

3 relationship trust decreased range anxiety (2) 

3 relationship trust dubble check that charging started (1) 

3 product quality easy to use (1) 

3 relationship image energy efficient charging (1) 

3 relationship image environmenal friendly charging (2) 

3 service flexibility Flexible  (1) 

3 product costumization fun (2) 

3 product alteranative solutions it is something new (1) 

3 service relaiability making sure vehicle is ready to use specific time(1) 

3 product alteranative solutions stastical information(1) 

 



USER STUDY 2- DRAFT 20130704 

2013-08-30 

25 

25 

 

APPENDIX III: NEGATIVE VALUE DRIVERS 
 
 
Negative values for the smartphone application 
 
Iteration Category Subcategory Description (nr of participants) 

1 Product Alternative solution Change amperage (2) 

1 Product Alternative solution Having different settings for different days (1) 

1 Product Alternative solution Getting notifications when the EV is charged to a required level (1) 

1 Product Alternative solution Better explanation of "kWh" (1) 

1 Product Alternative solution Having a menu with "buttons" instead of a scrolling menu (1) 

1 Product Alternative solution Possibility to get GPS navigation, map, charging spots (2) 

1 Product Alternative solution Having a list with your previous charging places (1) 

1 Product Alternative solution Getting information about charging spots and their owners (1) 

1 Product Alternative solution Getting current position of the car (1) 

1 Product Alternative solution Getting notifications when your charging behavior deviates from the one you 
usually have  (1) 

1 Product Alternative solution Getting notification when much energy is used even when the EV is not being 
used. (1) 

1 Product Alternative solution Getting information about the EV, e.g. alarm, car state (1) 

1 Product Alternative solution Getting feedback when some settings are changed (1) 

1 Product Alternative solution Connecting several users to one account. (1) 

1 Product Alternative solution Getting information about charging progress, e.g. the EV will be charged to 25% 
at 12 pm. (1) 

1 Product Alternative solution There should be an update button.  

1 Product Customization Did not know what is the cost of a kWh (1) 

1 Product Customization The overview graph showed too much information (1) 

1 Product Customization The system did not give any feedback that a change was saved. (1) 

1 Product Customization It was inconvenient that there was a delay when logging in. (1) 

1 Product Quality No notifications were received 

1 Product Quality Activating the function "Early departure" caused the app to crash (1) 

1 Product Quality The automatic log in did not work always. (1) 

1 Product Quality Could not see the numbers shown in the graph (1) 

1 Product Quality The app was inaccurate (as compared to the instrument panel) (2) 

1 Product Quality The kWh and price staples were not updated (1) 

1 Product Quality The charging schedule was delayed a day (1) 

1 Product Quality Lack of feedback about charging progress (1) 

1 Service Reliability It was difficult to know if the app was showing old or current data. (1) 

1 Relationship Trust It was annoying that the app did not remember my log in information. (1) 

1 Relationship Trust It was irritating that the app showed incorrect SOC. (1) 

2 Product Alternative solution The cost should be based on user's electricity contract. (1) 

2 Product Alternative solution The notification should pop up on the screen like an SMS, and result in a sound 
warning.  (1) 

2 Product Alternative solution It should be possible to connect several people to one account. (1) 

2 Product Alternative solution The app should provide notifications related to the EV, e.g. If the alarm is 
activated. (2) 

2 Product Alternative solution The app should provide some trip planning tool informing the user about the 
range within a given time interval. (1) 
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2 Product Alternative solution Getting a warning/notification that the state of charge is low when the car is not 
being used (1) 

2 Product Alternative solution It should be possible to see the headings in the app without needing to scroll 
aside. (1) 

2 Product Alternative solution More adapted for users over 50 years - easier to read, better graphics, 
synchronized  (1) 

2 Product Alternative solution The amperage should be possible to change in the app. (2) 

2 Product Customization The user did not see the charging schedule function. (1) 

2 Product Customization Issues with the Android version (1) 

2 Product Customization To find out what is available in the app, you need to scroll aside. (1) 

2 Product Customization Got only two messages about the own changes  (1) 

2 Product Customization It is difficult to understand the functions and information provided at the app. 
(1) 

2 Product Customization Small text in a blue box was difficult to read (1) 

2 Product Customization Difficult to understand some information, e.g. "updated". (1) 

2 Product Customization The text size was insufficient and you could not make it bigger. (1) 

2 Product Customization A few times I made some changes but these were not registered. (1) 

2 Product Customization Lack of notifications. (1) 

2 Product Customization The log in process was slow, even when the automatic log in was activated. (1) 

2 Product Quality The unsynchronized clock was an issue. (3) 

2 Product Quality The amperage information was unsynchronized (1) 

2 Service Reliability Unclear that the "Early departure" function was working (1) 

2 Service Reliability Got a feeling that the charging schedule differed from the requested one (1) 

2 Relationship Trust The systems requires to be controlled all the time via the app. (1) 

3 Product Alternative solution Selecting your own charging conditions. (1) 

3 Product Alternative solution Having a trip planning tool (1) 

3 Product Alternative solution Changing amperage (2) 

3 Product Alternative solution Create own overview, first page. (1) 

3 Product Alternative solution Visual view (pie) of consumption in relation to weather (1) 

3 Product Alternative solution Providing some "green" feedback and guidance. (1) 

3 Product Alternative solution Getting information if the car is charging and if the charging cable is still there. 
(2) 

3 Product Alternative solution Providing notifications if someone is bumping into the car or in some other way 
damaging the car. (1) 

3 Product Alternative solution The app should provide information about the closest charging station. (1) 

3 Product Alternative solution Having full control of charging via app and/or webpage (1) 

3 Product Alternative solution The language in the app should be improved, it is a bit too much technical 
language. (1) 

3 Product Customization The app was not user friendly when compared with other apps. (1) 

3 Product Customization The previous version of the app was old-fashioned (1) 

3 Product Customization It was not possible to click on the app. 

3 Product Quality Different subsystems were not synchronized (1)  

3 Product Quality The charging history map on the webpage was completely incorrect. (1) 

3 Product Quality The previous version of the app did not work, independently of Android version. 
(1) 

3 Product Quality The changes that were made in the app were not registered in the system. (1) 

3 Product Quality The app was not saving the user log in preferences. (1) 

 
  



USER STUDY 2- DRAFT 20130704 

2013-08-30 

27 

27 

Negative values for the web application  
 
Iteration Category Subcategory Description (nr of participants) 

1 Product Alternative solution Simple graphical visualization of how much and where you charge on overview 
page 

1 Product Alternative solution Charging overview is not detailed/simple enough - it should be connected to the 
facility number where you charge 

1 Product Alternative solution It was not possible to see an overview of the charging along with the rest of 
electricity cost, which would be desirable 

1 Product Alternative solution The charging overview did not show that much but instead of showing the staples 
it should show the cost 

1 Product Alternative solution It needs to look better, may be with more pictures. 

1 Product Alternative solution A help function should be there 

1 Product Alternative solution A digital notebook would be desirable 

1 Product Alternative solution There should be other types of comparisons 

1 Product Alternative solution There was no information about available charging stations  

1 Product Alternative solution It would be nice to see the current position of the car.  

1 Product Alternative solution To get a confirmation that you are connected to the right car 

1 Product Customization It was not possible to see details about the charging in the overview graph 

1 Product Customization The names in the menu are not self-explaining. Many similar options. 

1 Product Customization The name on the list with charging places was strange 

1 Service Flexibility Must use a computer to access the webpage 

1 Product Quality It was difficult to find in the menu 

1 Product Quality You needed to go through the whole menu to find what you need 

1 Product Quality The cost comparison between EV and other cars did not work 

1 Product Quality The webpage showed incorrect data/information.  

1 Product Quality It felt that all information was incorrect.  

1 Product Quality The map showed the places where I had turn off the car and not the places where 
the vehicle was charged.  

1 Product Quality The energy and price staples were inaccurate, they showed much less than the 
vehicle actually spent.  

1 Service Reliability There was a lack of feedback and sometimes I become a bit suspicions if the 
account was connected to my car or not. 

2 Product Alternative solution It should be possible to associate a given charging place with a given electricity 
contract.  

2 Product Alternative solution It should be stated on the webpage what version of Android is required.  

2 Product Alternative solution There should be "Early departure" function on the webpage. 

2 Product Customization Unattractive, uninteresting (3) 

2 Product Customization The map is unnecessary/useless. Exclude unnecessary information and incorporate 
the rest in the app. (3) 

2 Product Customization The webpage did not give so much value as all important information is available in 
the app. (2) 

2 Product Customization It is difficult to remember the name of functions available on the webpage. 

2 Product Customization The information about charging places shown on the webpage was strange. 

2 Product Customization The charging diagrams on the webpage are useless. 

2 Product Customization Could not understand the point with "tidigare schema" 

2 Product Customization The layout of the webpage was not good. 

2 Product Customization The overview was a bit messy. 

2 Service Flexibility Time consuming 

2 Service Flexibility It was easier to use the app than the webpage, as you do not have to sit before a 
computer. 

2 Product Quality The webpage was not well-designed as there was some information that was 
difficult to understand, e.g. "laddhistorik".  
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2 Product Quality The information about charging places was incorrect. 

2 Service Reliability The energy consumption diagram is difficult to understand. 

2 Service Reliability The table where charging places and owner names are shown is unclear and 
confusing 

3 Product Alternative solution It should be possible to optimize the energy price on your own. 

3 Product Alternative solution There should be more information about economical aspects. The system should 
take into account user's electricity price. 

3 Product Alternative solution It should be possible for the users to create their own overview, first page.  

3 Product Alternative solution It should be possible to get the real cost when charging at your friends 

3 Product Alternative solution It should be possible to see the real cost and the mean market cost. 

3 Product Alternative solution It should be possible to change amperage  

3 Product Alternative solution The system should provide a tool for searching the charging stations. 

3 Product Customization The webpage was not interesting.  

3 Product Customization It was not possible to see the charging schedule on the webpage, 

3 Service Flexibility Using the webpage requires that you are by a computer, which is time-consuming. 

3 Product Quality After the first week I could not see any charging schedule on the webpage.  

3 Product Quality Not able explore functions as the system did not work for so long 

3 Service Reliability The charging history map on the webpage was completely incorrect. 

 
 
Negative values for the in-vehicle application 
Iteration Category Subcategory Description (nr of participants) 

1 Product Alternative solution The computer did not work properly - it should be totally re-built  

1 Product Alternative solution It should be possible to see what you are writing in a field 

1 Product Alternative solution Would like to have a GPS navigation to guide me to free parking and charging stations 

1 Product Alternative solution It should be possible to create different options for different days 

1 Product Alternative solution It is not possible to see vehicle related notifications on the screen 

1 Product Alternative solution It should be good if you could synchronize the app with the screen 

1 Product Alternative solution May be there should be pre-defined amperage buttons or automatic detection of the 
amperage  

1 Product Alternative solution There should be a trip planning tool 

1 Product Alternative solution There should be a feedback telling how far you can reach if you keep a certain speed 

1 Product Alternative solution To see the available charging stations 

1 Product Alternative solution It was inconvenient to have e-mail address as user name as it is long and difficult to 
enter.  

1 Product Alternative solution It would be convenient if the system could check with the local measurement system 
what load current it has. (2) 

1 Product Alternative solution Did not give any feedback if a change was saved or not, which would be desirable  

1 Product Alternative solution Could be used to show more information than a simple warning signal.  

1 Product Alternative solution There should be a difference between a user profile and a charging schema. 

1 Product Customization Unable to change amperage (1) 

1 Product Customization The screen was not good, it was slow and its reaction was delayed.  (1) 

1 Product Quality The touch screen did not work properly (3) 

1 Product Quality Could not see the whole e-mail address  (1) 

1 Product Quality Could not change the amperage for a while since the screen was not working properly  
(1) 

1 Product Quality All user information was deleted under the last week of the testing period.  (1) 

1 Product Quality It was not possible to change to lower amperage.  (1) 

1 Service Reliability The relationship between SOC and range was not as expected  (1) 
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1 Service Reliability It was difficult that the amperage was possible to change at two different places. The 
system did not give any feedback when you do some changes  (1) 

1 Service Reliability It was difficult to know if the function Early departure was activated or not.  (1) 

1 Relationship Trust It is inconvenient that plug fuse can blow when you are charging the EV, especially if you 
are charging at you friends place.  (1)  

2 Product Alternative solution There should be some feedback when "Early departure" is activated/deactivated. (2) 

2 Product Alternative solution There should be a list associated with "Early departure" that informs users about the 
expected range within different time-intervals (e.g., in one hour you will have a range of 
X km)  (1) 

2 Product Alternative solution The touch screen should provide some information about the EV. 

2 Product Alternative solution The touch screen position is questionable. It needs to be more integrated with the rest 
of the car.  (1) 

2 Product Alternative solution The touch screen should provide more functions that are currently available in the app 
and webpage. (2) 

2 Product Alternative solution The touch screen should provide more functions or be removed, e.g. Integrated with the 
front display)  (1) 

2 Product Alternative solution The system should provide a tool for searching the charging stations.  (1) 

2 Product Alternative solution It should be possible to remove other user accounts. (1) 

2 Product Customization Having the menu visible on the screen all the time does not add any value.  (1) 

2 Product Customization The issue is the feeling that you are doing something that you typically do not do in a 
car.  (1) 

2 Product Customization There are no tabs on the screen.  (1) 

2 Product Customization The function of Min range is unclear. 

2 Product Customization Touch screen was difficult to handle, it did not react on touches.  (1) 

2 Service Flexibility You need to check all the time that you are logged into the system, which is an extra 
task, it did not give any new value - it was simply something that you have to do.  (1) 

2 Product Quality Booting every time the car is started. (3) 

2 Product Quality The touch function did not work properly. (2) 

2 Product Quality The touch screen did not work properly and it changed color.  (1) 

2 Service Reliability Re-booting did not help always.  (1) 

2 Service Reliability Unsure if the right amperage is selected  (1) 

2 Service Reliability "Early departure" does not give any feedback and you don't know if it is activated or 
not. (2) 

2 Relationship Trust Worried about selecting the right amperage  (1) 

2 Relationship Trust Having two places for amperage change is confusing.  (1) 

3 Product Alternative solution If the screen is going to be there, then it should be just for simple settings.  (1) 

3 Product Alternative solution It should be possible to plug-in a smart-phone in the car instead of the touch screen.  (1) 

3 Product Alternative solution It should be possible to see what you are entering even if it is a long address  (1) 

3 Product Customization There is no benefit of having the touch screen in the car.  (1) 

3 Product Customization Entering the wrong phone number resulted in the whole system being unavailable.  (1) 

3 Product Customization The user was disappointed that only one button on the touch screen was activated (2) 

3 Product Customization It was troublesome to enter and select amperage, as you had to type some extra digits.  
(1) 

3 Service Flexibility It is a bit slow, it takes some time to start the computer.  (1) 

3 Product Quality The touch screen did not work properly and must be re-booted every time the car was 
started (2) 

3 Product Quality It was a big drawback that the computer is consuming that much energy, especially 
when the car had been standing still.  (1) 

3 Service Reliability As soon as there was some maintenance on the system, the amperage was set to 16A.   
(1) 

3 Service Reliability As soon as there was some maintenance the radio station was changed.  (1) 

3 Service Reliability Wondered why the subsystems did not show same information.  (1) 
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Negative values for the general concept 
Iteration Category Subcategory Description (nr of participants) 

1 Product Alternative solution Simple charging options  

1 Product Alternative solution The information about fuel consumption should be included 

1 Product Quality The car has mostly been charging with 6A since the ELVIIS could not establish the contact. 

1 Product Quality The function to charge anywhere and get the cost added to your own bill did not work 

1 Product Quality Too many bugs and issues, did not work as intended (2) 

1 Service Reliability Could not trust the minimum range function due to varying weather conditions and the fact 
that battery must keep a certain temperature  

1 Service Reliability It was more difficult to trust the car than the previous time, as the system has not been 
working as intended. 

1 Service Reliability Did not know if and how the EV is being charged. If ELVIIS was not working, it charged with 6A 
but you did not get any notification about that the system has stopped working.  

1 Relationship Trust It was difficult to know if the car is charging or not, we had to check all the time if the blue 
lamp in the windshield is blinking or not.  

1 Relationship Trust When the vehicle was charging, it was difficult to know what amperage it is using.  

2 Product Alternative solution Feedback on how much the car will be charged within a given time, e.g. The car cannot be 
charged up to the requested range of 80 km by 2 o'clock, but it will probably be charged to a 
range of 52 km by that time. 

2 Product Alternative solution A warning when there will not be enough energy for a given trip 

2 Product Alternative solution A warning when user's charging behavior differs from his/her common behavior 

2 Product Alternative solution Information about the time needed to get the SOC needed to reach a given destination 

2 Product Alternative solution A trip planning tool and inform the user if a recharge is needed along the way. (2) 

2 Product Alternative solution The system needs to be constructed in a different way where the computer is always working, 
even when the car is completely uncharged.  

2 Product Alternative solution The system should provide a tool for searching the charging stations. (2) 

2 Product Alternative solution It should be the same language in the system.  

2 Product Alternative solution It should be same layout in all parts of the system. 

2 Product Alternative solution It should be possible to see the charging state on the car key. 

2 Product Alternative solution The app could look exactly the same as the car, and then you could go further in the menu to 
find more information. 

2 Product Quality It feels more difficult and messier this test period than the previous one. 

2 Product Quality The car gets uncharged very  

2 Product Customization The function of Min range and Fully charged is unclear. 

2 Product Customization It was sometimes difficult to understand what is going on in the system. 

2 Product Customization The value of the system is not clear as we are not really buying "green" energy as we should to 
be able to see a benefit with the system. 

2 Product Customization It took me a while to realize that the amperage change in the car did not work any more. 

2 Service Flexibility Controlling the system requires plenty of time. 

2 Service Reliability Feels that the computer became a limitation.   

2 Product Reliability The system does not give enough feedback, I was often unsure if it is working or not. 

2 Service Reliability When being in the rural area, the feeling was that the system was affecting the radio. 

2 Relationship Trust Wondering why the battery was completely uncharged  

2 Relationship Trust Feel more skeptical to EVs like this one. 

3 Product Alternative solution It should be possible to create own charging schedule with several parameters. 

3 Product Alternative solution The system should provide an overview of the total cost of having and maintaining the car. 

3 Product Alternative solution The system should provide some feedback on your way of driving, but looking at a screen on 
the side is not a good option. 

3 Product Alternative solution The system should provide a staple diagram while driving showing the state of charge (similar 
to the state of the tank in a conventional car). 

3 Product Alternative solution I would like to have some estimate of normal consumption, to be able to compare my own 
driving with it and see what margins I have. 
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3 Product Alternative solution The system should provide a trip planning tool  

3 Product Customization I really thought that the information about the closest charging station should be included in 
the system. 

3 Product Customization I was disappointed that the system did not work when I got the car. 

3 Product Customization I did not know how much energy is the computer itself consuming.  

3 Service Flexibility All system was showing different information in different subsystems 

3 Relationship Image No need for the system (2) 

3 Product Quality I could not use the system that much in my day-to-day driving as it was not working. (3) 

3 Product Quality The system has not been working and making changes from the app did not work always. 

3 Product Quality It has been troublesome 

3 Product Quality The range that the car was showing without and with the system was different. 

3 Product Quality I got a (false) notification once that there was a charging interruption. 

3 Service Reliability As soon the car was parked I tried to put it on charging, especially when knowing that this 
computer will use some energy. 

3 Relationship Solidarity You should be able to trust the system and it will require some more improvement in details. 
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APPENDIX  IV: INCIDENTS 
Positive incidents 
 
Participant Subsystem Critical incident Description  Outcome Consequence Alternative 

solution 

1 System Changing charging 
time 

When I changed the charging time, I could see it was beneficial for me. NA NA NA 

1 App Changing charging 
time 

The car was discharged and late in the evening I remembered that I was going to 
IKEA in the morning. Then I made a change to get the car fully charged by 9 
o'clock. 

NA NA NA 

2 App Notifications 
when not possible 
to charge the car 

(…) I happened once to select "Early departure" while the car was not on charge, 
and I got a message telling me that the car could not charge since the cable was 
not inserted into the socket. 

It gave me a message. I think it was good 
that the app gave a 
notification. 

NA 

5 App "Early departure" 
unction worked 
well 

I used the "Early departure" function a few times and it was very simple to use. It worked fine. NA NA 

6 Webpage Could show it to 
other people  

I could show it to my wife  NA NA NA 

6 App Changing charging 
time 

It was good to be able to change the charging time those times I needed to visit 
my customers. 

NA NA NA 

6 App Could check the 
remaining range 

I could check the remaining range in the app, which was very good. NA It was good that the 
app gave me the 
information I needed  

NA 

7 System Being able to 
adapt charging to 
your own time 

It is very good to be able to optimize charging according to your own time 
schedule, like this morning for instance, 

NA NA NA 

7 App Could check 
charging 

I used to check charging and other stuff in the app every day, it was a fun thing to 
do. 

NA NA NA 

8 App Could show it to 
other people  

I asked my son if he could try to use the app - he did not like the first version but 
he liked the new one  

NA NA NA 

8 Touch 
screen 

Did not need to 
use re-start 
button 

I did not need to use the re-start button in the car at all, the system computer 
has been working well.  

NA NA NA 

9 Webpage Could check the 
amperage 

I was not sure if I had changed the amperage, and then I could go to the webpage 
and check it there 

I could see it there NA NA 

10 App Positive 
experience using 
"Charge now" 

It has been a positive experience having the function "Charge now", especially 
that time when they called me to pick-up my son earlier than planned. 

NA NA NA 
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Participant Subsystem Critical incident Description  Outcome Consequence Alternative 
solution 

10 App Got a notification One day around lunch, I looked in my smartphone and I could see a notification 
there that there is an interruption in the charging.  

I took the key and went down, as 
I thought that a plug fuse was out 
of function. But when I got there 
I could see that the car was 
charging. The notification was 
false.  

NA NA 

10 App Got notifications I got a notification a few times when my charging was re-scheduled.  NA NA NA 

 
 
 
 
 
Negative incidents 
 
Partici
pant 

Subsystem Critical incident Description Outcome Consequence Alternative solution 

1 Touch 
screen 

The touch 
screen did not 
work properly 

There is a number of bugs that need to be addressed, it has 
not been functioning well one single day. It could be working 
well in the morning, but then it did not work in the 
afternoon. The issues ranged from the screen becoming 
white to the screen becoming black. 

NA It did not affect me at 
all, I've not given it 
that much though 
except informing Mats 
about this. 

NA 

1 Touch 
screen 

The computer 
did not work at 
all. 

(…) It became better, but then it could happen that the 
system computer was completely locked. 

NA The irritating thing 
was that I could not 
get the picture. 

Re-build the system 
completely 

1 App No notifications 
received 

I did not receive any notifications.  NA  

2 Touch 
screen 

The touch 
screen did not 
work properly 

The touch screen was not functioning a few weeks. NA NA NA 

2 App The app crashed Activating the function "Early departure" caused the app to 
crash 

NA NA Make the system more robust 

2 Touch 
screen 

Could not 
regulate the 
amperage 

The screen was not functioning for a while. When it was out 
of function, I could not change the amperage  

(…) and I had to charge at 10A 
all the time. I did not dare to 
charge at, for instance, my 
mother's place as she has 
amperage of 6A. Consequently, 
I could charge only at home or 
at work. 

(…) it was only the fact 
that I could not 
change the amperage.  

(…) it would be good if you 
could connect the app to the 
system computer and make 
changes from the app.  

2 Webpage The cost 
comparison 
between EV and 
other cars did 
not work 

There was a function where you could compare the cost of 
driving EV and conventional cars, but that function did not 
work when I tried to use it.  

NA NA It would be good to have 
access to various 
comparisons, e.g. What is the 
cost of driving the EV 
compared with public 
transportation, what is the 
time benefit of driving the EV 
a given distance compared 
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Partici
pant 

Subsystem Critical incident Description Outcome Consequence Alternative solution 

with public transportation. 

2 App The automatic 
log in did not 
work always. 

(…) the automatic log in did not work always. NA NA NA 

3 System The system was 
not working 
properly 

There were some bugs in the system, and when the system 
was working it was not error free. 

NA NA NA 

3 System The car was 
often charging 
with 6A only 

(...) I got impression that the car has mostly been charging 
with 6A since the ELVIIS could not establish the contact. 

 NA NA 

3 Touch 
screen 

All user 
information was 
deleted under 
the last week of 
the testing 
period.  

(…) then all my settings were deleted and Tommy's address 
was there. I tried to update the settings several times, but 
nothing could be saved and then I gave up.  

(…) consequently, the last 
week I could not use the 
system at all (…) 

NA NA 

3 Touch 
screen 

Could not 
regulate the 
amperage 

The last day, Lisa managed to switch to 16A, and she was able 
to get the car fully charged at work. But she did not mange to 
change to a lower amperage at home! 

NA (…) you could just 
hope that you did 
right. 

NA 

3 App The system did 
not give any 
feedback that a 
change was 
saved. 

When selecting function "Save profile", there was no 
feedback that the information was saved or that the car 
received the information. 

NA NA NA 

3 App There was 
always a delay 
when logging in  

There was always a delay when logging in  It logged in, but you hade to 
wait. 

NA NA 

3 Touch 
screen 

Difficult to know 
if "Early 
departure" was 
activated or not.  

(…) when activating the function "Early departure", I could 
not know if it was activated or not.  

NA NA NA 

3 App Forgot to 
activate the 
start button on 
the charging 
cable 

(…) we forgot to press the start button on the charging cable, 
and when my wife got to the car in the morning it was not 
charged.  

NA NA NA 
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Partici
pant 

Subsystem Critical incident Description Outcome Consequence Alternative solution 

3 App It was irritating 
that the app 
could show full 
charged, but the 
car showed only 
70%. 

(…) Lisa was a bit angry with me as I told her, based on the 
app, that the car was fully charged but when she got to the 
car she could see that the car was charged only to 70% 

NA NA NA 

4 Touch 
screen 

The computer 
was booting 
every time the 
car was started.  

The screen was booting every time the car was started. The 
menu was almost never there from the beginning.  

NA NA NA 

4 Touch 
Screen 

The touch 
screen did not 
work properly 

One time when the menu was there from the beginning, I 
tried to change some settings and then it stopped working. 

 I had to restart the computer 
on the re-boot button, but I am 
not sure if it worked anyway.  

NA NA 

4 Touch 
screen 

Difficult to know 
if "Early 
departure" was 
activated or not.  

The button "Early departure" did not give any feedback. I did 
not know if it was activated or not.  

NA NA NA 

4 Touch 
screen 

Difficult to know 
if the right 
amperage was 
selected 

The amperage  has always been set to 10A, but one day I 
wanted to charge the car in my garage and then I had to be 
very careful. I also needed to get it charged quickly and I 
could not leave it there - what if the plug fuse gets burned, 
the car will not be charged?! 

NA NA I would like that the car itself 
can detect the load on the 
local grid and take that into 
account when optimizing the 
charging schedule, e.g. When 
the load is low then it could 
charge with 10A, but when 
the load is high then it could 
use 6A, or if you happen to 
select 16A but the it manages 
only 6A, the car could by it 
self switch to 6A. 

5 Touch 
screen/Syst
em 

Had to re-start 
the computer 

Under this month, I had to restart the computer almost every 
morning by pressing the re-boot button. I had to restart at 
least once, but somehow I got used to it.  

NA NA NA 

5 App Issues with 
Android version 

I had a bit problem with the app when it needed to be 
updated. 

 (…) Probably it was because of 
my Android version as the 
problem was solved in a few 
days by upgrading the Android 

NA NA 

5 EV/System Fast changes in 
the SOC when 
standing still 

The last week I did not drive the car every day, and I noticed 
the car got uncharged very quickly. I knew this from the 
previous experience when I was at home a few days and the 
range was reduced from 40 km to almost 0 km by just 
standing still.  

(…) I could not get in the car 
even if I inserted the charging 
cable since I could not get in 
the car to make the computer 
communicating. 

Now one wonders 
why it happened - was 
it because the EV 
battery has become 
too old or was it the 
ELVIIS computer itself 
that needed much 
energy?  

Would be good to get a 
warning in advance when the 
car is getting discharged. 
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Partici
pant 

Subsystem Critical incident Description Outcome Consequence Alternative solution 

5 Touch 
screen 

The touch 
screen did not 
work properly 

It is the display/touch function that was impossible to use.   NA NA 

5 App The charging 
schedule was 
incorrect 

Once it looked like the schedule was different from what I 
had entered.  

I was in a hurry so I used "Early 
departure" to override the 
schedule. 

NA NA 

6 System Lack of 
feedback  

I experienced many times that I was unsure if it is working or 
not as the system did not give feedback. 

NA NA NA 

6 App/touch 
screen 

Unsynchronized 
clock 

The clock in the app was not synchronized with the car. I had 
to think which of them was showing the correct time.  

I understood that the EV clock 
was the correct one. 

NA NA 

6 Touch 
screen 

The touch 
screen did not 
work properly 

It touch screen was difficult to handle, it did not react on 
touches. When I wanted to change charging time, I had to 
repeat my changes several times until they were registered. 

NA NA NA 

6 Touch 
screen 

The touch 
screen changed 
the color. 

The touch screen was very slow, and one day it changed the 
color - it became red. 

NA NA NA 

6 App The amperage 
in the app was 
incorrect once 

The app showed once 8A and in the car it was 10A.  NA NA NA 

6 Touch 
screen 

The screen did 
not start 

I had to restart the computer often when I started the car as 
the touch screen did not start. At one occasion I had to 
restart it all the time during my 50 km long trip and the 
screen did not start.  

After that I got a new 
computer installed in the car. 

NA NA 

6 System The system 
affected radio 

When being in the rural area, the computer was affecting the 
radio. 

 I noticed that the radio was 
working fine when I turned off 
the computer.  

(…) Then I started to 
think if it could be that 
the radio is affecting 
the computer 
sometimes? 

NA 

6 Webpage Insufficient 
information 
about charging 
overview 

I could not understand that the names shown on the 
webpage were actually showing the name of the owner of 
the charging spot. I think it was insufficient information 
about this. 

NA NA NA 

7 Touch 
screen 

The touch 
screen did not 
work properly 

There were some problems with the computer in the car, I 
needed to restart it many times. Even when it was restarted 
it did not work.  

NA NA NA 

7 App Unsynchronized 
clock 

The clock in the app was not synchronized with the car. I 
hade to think which of them was showing the correct time. 

NA NA NA 

7 Touch 
screen 

Difficult to know 
which account 
was the correct 
one 

 I had to log in three times as I entered wrong information, 
and all these accounts were visible there. It was difficult to 
know which of them is the correct one, as I could not see all 
information in the fields.  

NA NA It would be a benefit if one 
could remove the user 
accounts that are not in use 
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Partici
pant 

Subsystem Critical incident Description Outcome Consequence Alternative solution 

7 System Changes were 
not registered 
due to system 
maintenance 

A few times I made some changes in the time period when it 
was system maintenance, which I had forgot about, but these 
were not registered.  

Once I noticed that in the app 
shortly thereafter and could fix 
this. The other time I noticed 
the issue when I came to the 
car, and that time the car was 
not charged to the level I 
needed for taking care of some 
errands.  

It did not affect me at 
all. 

NA 

7 App No notifications 
received 

I did not manage to get any notifications, I tried to pull out 
the charging cable and similar but I did not get notifications. 

NA NA NA 

7 Webpage Incorrect 
information 

I noticed there was some information that I thought was 
incorrect. It showed that I have been charging on the places 
that I have not. 

NA NA NA 

7 App Issues with 
automatic log in 
function 

It was a bit slow when logging in. Even if the automatic log in 
was activated, it gave impression that it was not logged in. 

NA NA NA 

8 App The old app 
version did not 
work 

In spite the reinstallation of the app and the right version of 
Android, I did not manage the make the old app to work. I 
got the new one just two days ago. 

NA NA NA 

8 Webpage Could not see 
any charging 
schedule 

After the first week I could not see any charging schedule on 
the webpage. I checked again now at the end and I could see 
nice charging schedules. 

NA NA NA 

8 EV/System Consumption by 
the system 
computer 

As soon the car was parked I tried to put it on charging, 
especially when knowing that this computer will use some 
energy. 

I used to charge the car as 
soon it was standing still. 

NA NA 

8 App I got error every 
time I tried to 
access the old 
version of the 
app 

I got error every time I tried to access the app, so I could not 
use the previous version of the app.  

NA NA NA 

9 System The system did 
not function the 
first two weeks 

It took about two weeks before the system started working. 
In the mean time I have been driving without it.  

NA NA NA 

9 Webpage Could not follow 
the energy 
consumption as 
the system did 
not work for a 
long while 

The webpage is there if you want to follow your 
consumption, but I have not been able to do that as the 
system did not work that long time.  

NA NA NA 

9 App Issues with 
Android version 

It took some time to make the app work, as I had to get a 
new cell-phone, it was wrong Android version on my own. 

NA NA NA 

9 App/Syste
m 

Could not make 
changes from 
the app 

I experienced a few times that the changes that I had done in 
the app were not registered in the car. The car was in a 
garage and it could be bad signal coverage there. This means 
that the system did not work everywhere. 

NA NA NA 
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Partici
pant 

Subsystem Critical incident Description Outcome Consequence Alternative solution 

9 Touch 
screen 

Did not notice 
that the wrong 
phone number 
was entered 

The only issue that I had is related to the cell-phone in the 
beginning of the test period. It was wrong phone number in 
the system and it took me a while to realize that. It was also 
the reason that the system did not start at first. 

NA NA NA 

9 Webpage Could not see 
any charging 
schedule 

I could not see any charging schedule on the webpage, but I 
have not been there that much at all. 

NA NA NA 

9 App Issues with 
automatic log in 
function 

I had to log in all the time in the app, I could not be saved as 
the user. I tried to select that option but it did not work, as 
soon as I closed the app I was logged out. It was a bit 
troublesome. 

NA NA NA 

9 Touch 
screen 

The amperage 
changed when 
there was a 
system 
maintenance 

As soon as there was some system maintenance, the 
amperage was changed to 16A.  

NA NA NA 

9 Touch 
screen 

Radio affected 
by system 
maintenance 

As soon as there was some maintenance the radio station 
was changed. 

NA NA NA 

9 EV/System The range was 
different with 
and without 
ELVIIS in the car 

The range that the car shows has been varying a lot. Before 
the system started to work it was showing about 150-155 km. 
When the system started working, the range was 135-140 
km. But the car could be driven equally far as the range 
reduction was not that fast as it was in the case without the 
system 

NA NA NA 

10 System The system did 
not function the 
first two weeks 

The system did not work at all the first 2,5 weeks. I had 
wrong Android version from the beginning, but it was not a 
problem, as the system itself was not working. There has 
been 3-4 maintenance occasions until the system started 
working. 

NA NA NA 

10 System False 
notification 

I got a (false) notification once that there was a charging 
interruption. 

NA NA NA 

10 Touch 
screen 

The touch 
screen did not 
work properly 

The computer did not start, especially in the mornings. I had 
to restart it via the re-boot button. 

NA NA NA 

10 Webpage Issues with 
charging place 
history 

The charging history was showing wrong places, places that I 
had not been at all, not even passed by. 

NA NA NA 

11 Touch 
screen 

The touch 
screen did not 
work properly 

The only issue was the screen in the car and the fact that 
there were not so many functions. 

NA NA NA 

11 Touch 
screen/App 

The app showed 
incorrect range 

After getting help with the system computer, I noticed that 
the app and the car showed different range and I was 
wondering why these systems gave different information. 

NA NA NA 
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Partici
pant 

Subsystem Critical incident Description Outcome Consequence Alternative solution 

11 Touch 
screen 

Needed to log in 
often as the 
screen did not 
work properly 

I needed to log in often, I did not use the screen for 
something else. I had to that often as the screen was not 
functioning well, it was very slow. 

NA NA NA 

11 Touch 
screen 

Issues when 
selecting 
amperage 

It was troublesome to enter and select amperage, as you had 
to type some extra digits. 

NA NA NA 
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