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Abstract 
This paper seeks to answer the question of how learning processes support niche 

aggregation. It brings together literature on strategic niche management and theoretical 
concepts derived from literature on project management and learning in project-based firms to 
analyze the ongoing standardization efforts for fast-charged electric bus systems in Europe. 
The analysis suggests that niche aggregation is a cyclical process that depends on two learning 
processes: knowledge sharing and knowledge accumulation. Whereas knowledge sharing is an 
interactive process that involves several organizations, knowledge accumulation is an internal 
organizational learning process that enables firms to move beyond local niche projects and 
engage in external networks. These learning processes are mutually reinforcing and jointly 
support niche aggregation.  
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1. Introduction 
 
The technological niche is a central concept in theories on sustainability transitions. It 

points at local experiments and demonstration projects as critical seeds for profound 
sociotechnical transformations (Hoogma et al., 2002; Kemp et al., 1998, 2001; Schot & Geels, 
2007; Raven, 2012). Niches are defined as protective spaces that empower communities in 
favor of path-breaking innovations (Smith & Raven, 2012). To facilitate such empowerment, 
interactions between local niche projects are crucial. Accordingly, transition scholars have 
recognized the need to widen the scope from individual projects to networks of experiments. 
This literature emphasizes on cyclical patterns of learning and aggregation into generic 
knowledge, through shared cognitive rules, structures and standards, the so called ‘global 
niche’ (Geels and Raven, 2006; Geels and Deuten, 2006; Schot and Geels, 2008).  
 

Yet, the attempt in favor of global aggregation carries a tendency to neglect niche localities 
and the prerequisites for an informed spatial dimension (Coenen et al., 2012). Space has various 
manifestations, which result in heterogeneity and asymmetry amid sociotechnical systems 
(Raven et al., 2012). If experiences are taken out of their context, they may lose their local 
connotations. This in turn makes it difficult to make connections across projects, resulting in 
isolation and local stickiness that could reversely affect the development of shared cognitive 
rules, structures and standards (Bakker et al., 2015). This paper presents a multiple case study 
of electric bus demonstration projects in Europe. The paper analyses how experiences from 
these local niche projects have aggregated into generic knowledge. Focusing the analysis on 
learning in niche development, the paper seeks an answer to the question of how different 
learning processes support niche aggregation. Each case in our study has its unique historical 
and organizational context, but we found strong linkages that suggested cumulative learning 
processes among them.  

 
The next section presents a theoretical framework that builds on literature on project 

management, and project-based organizing, and learning in project-based firms, combining this 
with literature on niches and niche aggregation. This emanates in a distinction between 
different kinds of learning processes. Subsequently a methodology section qualifies the case 
selection and presents the methods used for data collection and analysis. Then we describe each 
case in details. Thereafter, an analysis section compares the cases, highlights important 
linkages and discusses how learning processes facilitated aggregation. A concluding section 
summarizes main findings and contributions of the paper.  
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2. Theoretical framework 
 

2.1. Projects and niches 
During the past two decades, there have been several initiatives within strategic niche 

management (SNM) scholarship with policy and managerial implications specifically around 
the topic of (niche) projects. For instance, Weber et al., (1999) discussed about the importance 
of ‘demonstration projects’ in their workbook for European Commission on the transition to 
sustainable transport systems. Another study was carried out by Mourik and Raven (2006) for 
the Energy Research Centre in the Netherlands, where they devised policy strategies to 
facilitate the creation of local projects and niches but also expressed the need to move beyond 
individual niche projects. Nevertheless, a brief review of the existing literature shows that the 
term ‘project’ or ‘project management’ as theoretical concepts have been less elaborated in this 
field1.  

 
According to project management literature, projects are temporary endeavors, which are 

different from non-project (permanent) organizations that run daily operations. From this 
perspective, a project can be seen as an extraordinary set of activities which are driven by 
specific goals and future visions that are shared by its participants (Morris, 2013). Moreover, 
projects depend on specific resources, which clients or sponsors assign to them depending on 
their needs. These characteristics of projects can be compared to that of niches. Synthesizing 
literature on strategic niche management, Smith and Raven (2012) argue that niches have three 
distinct properties i.e. temporary shielding, nurturing path-breaking innovations and 
empowerment. They also emphasize on visions and expectations as crucial elements for 
justification of niches, thus being central ingredients in the process of empowerment. We 
classified these characteristics in terms of orientation, time, resources and uniqueness and made 
a comparison between the two streams of literature. These are summarized in table 1 below: 
 

Table 1, Comparison of projects and niches 
 

 
Project Management Institute (PMI2) 

definition of projects 
Strategic Niche Management 

definition of niches 

 
Orientation 

 
Projects have specific goals and visions Niches have expectations or intended 

outcomes expressed in terms of visions  

 
Time 

 
A project is a temporary setting with 
clearly defined start and end 

A niche is a protective space that provides 
temporary shielding 

 
Resources 

 

Clients or sponsors assign specific 
resources to projects, including human 
resources, tools, machineries, capital, etc. 

Niches enroll different actors to mobilize 
resources and facilitate empowerment.  

 
Uniqueness 

 
Each project has one or several novel 
aspects. 

Niches nurture novelty and radical 
innovation. 

                                                 
1 Online bibliographic search using Google Scholar resulted in maximum 396 hits as of 25, September, 2017. The search criteria were different 
combinations of the following phrases: “Project Management” and “Strategic Niche Management”. Search results were first sorted based on 
relevance and then based on the date of publication. Then the first 50 search hints from each list have been selected for specific references to 
project management literature. Although the term “Project Management” have been found in some occasions, none of the search findings had 
any specific discussions dedicated to elaboration of project management principles within strategic niche management. 
 
2 Source: PMI (2013) 
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As the table shows, there are many similarities between projects and niches in terms of 
intentionality, temporality, and novelty. However, there are also some distinct differences. 
Whereas the intended outcomes of projects are often expressed in terms of highly specified 
goals such as S.M.A.R.T. criteria3, the intended outcomes of niches tend to be more open and 
multifaceted. Moreover, while the narrowed scope and specific goal characteristics of projects 
constitute the basis for stability and ensure clients and sponsors to allocate resources to those 
projects, the widening of scope and engagement of varieties of actors is rather necessary for 
niches to gain support and attain more resources. That is, enrollment of various actors and 
opening up of the scope is necessary to mobilize resources and to link the protective space to 
wider processes of social change (Schot & Geels, 2008; Smith & Raven, 2012). Niche actors 
may vary in terms of size i.e. small, medium or large, maturity i.e. incumbent or newcomer and 
governance structure i.e. public, semi-public and private actors.  

 
2.2 Project-based organizing and niche linkages 

Using projects as a prime means for organizing large coordinated actions implies a step 
away from classic functional organizations towards flexible and temporary organizational 
settings. This way of organizing can be seen as a natural response to intensified demands for 
the development of complex product systems-CoPS (Hobday, 1998). Projects are an effective 
way to organize innovative tasks and to combine a wide range of technical and managerial 
competencies (Davies & Brady, 2000). Hence, managers use projects to facilitate 
responsiveness, flexibility and collaboration (Hobday, 2000). Yet, the temporary nature and 
exclusive goal-orientation of projects result in isolating effects, which in turn hamper the 
transfer of experiences beyond project scope. Therefore, research on project-based firms have 
investigated on how the broader organization can benefit from lessons-learned in individual 
projects. To facilitate this, there is a need to create linkages between projects. According to 
Engwall (2003), there is a need for an ontological change in the understanding of projects: 
‘instead of lonely and closed systems, projects have to be conceptualized as contextually-
embedded open systems, open in time as well as in space’ (ibid p.790).  

 
Studies of project-based firms suggest that there is a need to combine tacit and explicit 

(codified) flows of knowledge in order to facilitate long-term organizational learning (Prencipe 
& Tell, 2001; Williams, 2008; Vendelø et al., 2010). For instance, Prencipe and Tell (2001) 
observed learning in project-based firms at different levels, from the individual level, via the 
group or project level to the organizational level. They showed how different learning 
mechanisms supported various processes of learning within the organization, including 
experience accumulation, knowledge articulation, and knowledge codification. They 
concluded that project-based firms deploy different learning mechanisms to develop specific 
learning profiles, depending on their tasks characteristics and the requirements of their 
business.   
 

Research on learning in project-based firms finds parallels with the literature on niche 
aggregation. According to (Geels & Deuten, 2006), ‘aggregation is the process of transforming 
local knowledge into robust knowledge, which is sufficiently general, abstracted and packaged, 
so that it is no longer tied to specific contexts.’ (ibid pp. 266–267) The articulation of local 
experiences into codified knowledge is in the center of this process and an increasing number 
of ties between different locally embedded practices characterizes the initial stages of niche 
aggregation. Schot and Geels (2008) argue that sequences of demonstration projects at various 
places are needed to form new trajectories. This means that in order to understand niche 
                                                 

3 S.M.A.R.T.: Specific, Measureable, Achievable, Realistic, Time-bound 
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Figure 1, Niche projects and contextual parameters across time and space (adapted from Engwall, 2003) 

aggregation, it is critical to analyze the formation of linkages between locally embedded 
projects. The model presented in figure 1 provides a structure for such an analysis, highlighting 
local context as well as linkages between projects across time and space.  

 
 

 
 
 

 

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 The horizontal axis of the model connects the past, present and future on a time-line. This 

dimension shows how intended outcomes and ideas about post-project expectations may 
influence the internal dynamics of a niche project at present; or vice versa: how the lessons 
learned and experiences from present time may influence ideas about future outcomes. 
Likewise, it illustrates how earlier experiences influence the ongoing project, as well as how 
the present status of on-going activities may affect interpretations of earlier experiences. 

 
The vertical axis embodies the spatial dimension. Following this axis, the niche project is 

embedded in its local environment in which it interacts with the immediate surrounding, while 
also being connected to other projects and parallel courses of events at other places. 

 
 
 

2.3 Knowledge flows within and between organizations  
Although literature on project-based firms and strategic niche management both highlight 

the need for establishing linkages between projects, these two fields of literature tend to 
emphasise different kinds of learning processes. Literature on project-based firms show how 
organizations use projects to experiment with new ideas, with the purpose to learn how these 
can be put into practice (Lindkvist, 2008). In line with that, (Bergek et al., 2013) show that the 
knowledge-base in innovative firms evolve in a cumulative manner, comprising elements of 
continuous development, absorption of new technologies and integration of existing and new 
fields of knowledge. While some firms may opt for dualistic strategies to separate new 
technology development and commercialization from the existing business, others may opt for 
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integrated strategies that seek to combine the new technology with their existing knowledge 
and practices.  

 
Based on studies of vehicle manufacturers as multi-level actors, (Berggren et al., 2015) 

concluded that if supported by appropriate policies, such integrated strategies can facilitate 
processes of knowledge accumulation within the organization that enables technology 
diffusion outside the original niche.  

 
By contrast, literature on strategic niche management (SNM) argue that niches gather new 

constellations of organizations (‘actors’) in local demonstration projects. Each of these actors 
bring their own knowledge to the project which are generated through previous experiences. 
Thus, niche projects facilitate learning through knowledge sharing between different actors. 
Analyses of aggregation activities provide an analogous picture, highlighting the emerging 
structures in the form of networks (Verbong et al., 2008) conferences and workshops (Geels & 
Raven, 2006) professional societies, industry associations and standardisation committees 
(Geels & Deuten, 2006). These are all external entities to the local niche and aim to facilitate 
transfer of knowledge by linking the protective space to the wider processes outside the 
individual niche project (Schot & Geels, 2008; Smith & Raven, 2012) 

 
Consequently, literature on project-based firms and SNM provide different pictures on the 

learning processes required for experiences to reach beyond individual projects. That is, while 
literature on project-based firms tend to emphasise knowledge accumulation within 
organizations, literature on strategic niche management emphasises knowledge sharing 
between organizations. These different knowledge processes may support niche aggregation in 
different ways. On the one hand, knowledge accumulation describes a cumulative learning 
process that makes it possible for organizations to apply locally generated knowledge to new 
contexts yet within their own organizational boundaries. On the other hand, knowledge sharing 
describes an interactive learning process that makes it possible to spread knowledge and enrol 
support from a broader community, thus transferring knowledge outside the organizational 
boundaries. 
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3. Methodology 
3.1 Research background 

The strength of the case study approach is the ability to examine a certain phenomenon (i.e. 
the case) within its real-life context (Yin, 2013; Creswell, 2006). Adopting a multiple case study 
approach, we studied several demonstration projects of electric bus systems for public transport. 
This made it possible to trace the development of technological ideas and solutions over time and 
space.  

 
Business analysts expect a rapid growth of the global electric bus market in the coming years. 

In May 2017, P&S Market Research estimated the compound annual growth rate of the market 
for electric and hybrid-electric buses to 33.5% during 2017 – 2025 (P&S, 2017). Electric buses 
attract attention because of the ability to improve energy efficiency and reduce CO2-emissions, 
as well as to reduce local pollutants and noise in cities. Falling prices of batteries on the global 
market is an additional driving force (Nykvist & Nilsson, 2015). While China has been the prime 
market for electric buses until now, other counties and continents are catching on. A recent report 
issued by the International Public Transport Association (UITP) showed electric bus test and 
demonstration activities in 61 European cities, involving a number of different bus manufacturers 
(UITP, 2016). European public transport authorities organize bus operations through competitive 
tendering processes, where different bus operators compete for contracts over stipulated periods. 
Whereas competition also is a regulated feature of the vehicle procurement, public transport 
authorities have the possibility to relax these requirements for testing and demonstration purposes 
(Bakker & Konings, 2017).  

 
In Europe, electric bus is an emerging industry sector that engages both newcomers and 

incumbent firms (Borghei & Magnusson, 2016). In terms of technology, there are two broad 
categories of electric buses: fast-charged and slow-charged. Fast-charged buses (also referred to 
as opportunity-charged) are equipped with relatively small batteries, which are charged 
frequently a few minutes each time, in most cases at end-stations. By contrast, slow-charged 
buses comprise large battery packs, which are charged over-night at central bus depots. The larger 
battery packs result in up to tenfold driving ranges for slow-charged electric buses, but this is at 
the expense of corresponding increases in battery cost. Thus, even though battery prices have 
fallen, the fast-charged bus still has a significant cost advantage. Moreover, lower vehicle weight 
results in more efficient operations (carrying passengers rather than batteries). However, the 
implementation of fast-charged bus systems involves a number of challenges. The infrastructure 
for high-power charging is associated with high upfront investment costs, it requires integration 
with electric grid and the established urban design, and it reduces the route planning flexibility 
(Bakker & Konings, 2017). Moreover, there is a need to allow time for charging, which may 
affect existing timetables and operation costs originally developed based on diesel engine 
functionalities.  

 
A key issue to facilitate implementation of fast-charged electric bus systems is the 

establishment of standard interfaces between charging stations and the vehicles. The lifetime and 
depreciation time differ between charging infrastructure and vehicles. Moreover, charging 
infrastructure and vehicles will (most likely) have different owners and operators, and they will 
run with different contracts and contract periods. This makes it important to ensure that they have 
standard interfaces so that the transfer of ownership or operations do not result in 
incompatibilities in charging infrastructure. Moreover, standard interfaces make it possible for 
other commercial vehicles than to use the infrastructure as well. A number of alternative technical 
solutions have been presented, including inductive and conductive charging systems, and 
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different arms and pantographs connecting to different parts of the vehicle. This paper will focus 
on one of these alternatives that at the time of writing (October 2017) had attained the most 
substantial industrial support: the inverted pantograph for conductive charging.  The paper traces 
the development of this technical solution back through studies of a number of successive and 
parallel projects in five different cities: Umeå, Helsinki, Copenhagen, Gothenburg, and 
Stockholm. The case descriptions also highlight related events in other cities.    
 
3.2. Data collection and analysis 

We collected first hand empirical data through field visits and observations at local project 
sites as well as complementary data through secondary sources such as technical reports, policy 
documents and press releases. We also conducted interviews with technology developers and 
other key actors in the niche projects. Table 1 summarizes empirical data collection for each city. 

 
Table 2, Empirical data collection through field visits and complementary sources of data 

Cities (Cases) Operation Means of data collection 
 

Umeå 
 

• Airport shuttle  
• Line #9 

Site visit, interviews,  
documents and press releases 

 
Helsinki 

 
• Line #11 Site visit, interviews, conference attendance, 

documents and press releases 

 
Copenhagen 

 
• Line #3A Conference attendance,  

documents and press releases 

 
Gothenburg 

 
• Line #60  
• ElectriCity line #55 

Site visit, Interviews,  
documents and press releases 

 
Stockholm 

 
• ZeEUS/line #73  Site visit, interviews, conference attendance, 

documents and press releases 

 
The interviews varied in duration. Similar questions guided the interviews, such as the 

question about the setup of the electric bus demonstration sites and specific objectives or goals 
of each project, as well as time-periods and milestones, participants and actors involved, the 
technologies used and the basis for decisions on technologies. We also asked about challenges, 
experiences, and lessons learned as well as plans for the future after the project closure in each 
case. We documented our interviews by taking notes and then cross-checking during the internal 
discussion and analysis sessions. The list of interviews and the duration for each session is 
available in the Appendix. Besides the interviews and field visits at project sites, we attended a 
number of conferences and workshops related to electric buses in Europe (see table 3).  

 
Table 3, Attended conferences and workshops 

Venue Date Location 
 

e-bus study visit 
Hamburger Hochbahn and Innovation Line #109 

(Arranged by the association of Swedish bus operators) 
 

30 September – 2 
October, 2015 

Hamburg, 
Germany 

 

Bus World  
Bi-annual international conference and exhibition 

(UITP international bus conference) 
 

16-21 October, 2015 Kortrijk,  
Belgium 
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NEBI-I 
Nordic Electric Bus Initiative coordinated by  
Nordic Energy (Nordic Council of Ministers) 

 

1-2 September, 2015 Gothenburg,  
Sweden 

 

NEBI-II 
Second Nordic Electric Bus Initiative coordinated by  

Nordic Energy (Nordic Council of Ministers) 
 

11-12 May, 2016 Helsinki,  
Finland 

 

ZeEUS 
Seminar on the ZeEUS Stockholm project, coordinated by 
the international association of public transport (UITP) 

 

2 June, 2016 Stockholm,  
Sweden 

 
The analysis involved recounting courses of events and finding critical linkages across 

projects that could explain the enrollment of actors and development of technologies over time 
and space. Based on notes from the interviews, conferences and workshops, supplemented with 
secondary material from project reports and press releases, the first step of the analysis was to 
write descriptive reports of the projects in each city. Then we used the theoretical model 
outlined in section 2.2 (see figure 1) for a contextual comparison and for analyzing linkages 
between the projects. For analyzing knowledge flows, we used the learning processes outlined 
in section 2.3. Figure 2 describes the iterative data collection and analysis process going 
through an iterative process until reaching meaningful patterns. 
 

Steps Actions 

 
Step 1 
Data  

compilation 
 

Collecting empirical data through primary and secondary sources 
 
Writing descriptive reports of individual niche projects 
 

 
Step 2 

Preliminary  
analysis 

 
 
Contextual comparisons of the niche projects  
 
Positioning the niche projects on a time-line 
 
 

 
Step 3 

Analysis 
&  

Synthesis 

Finding linkages between the niche projects and instances of 
knowledge flows among them 

  Figure 2, Case analysis 
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Figure 3, Hybricon electric bus and Opbrid sliding bar charging system, Source: www.Opbrid.com 

4. Electric bus demonstrations in five cities 
 

4.1. Umeå 
Umeå is located in the northern part of Sweden, where local geographic conditions often 

cause inversion during wintertime, resulting in poor air quality in the city center. The Umeå 
municipality has considered using electric public transport based on catenary solutions such as 
trams or trolley buses, but they have not realized any of those solutions due to the extensive 
infrastructure investments and negative aesthetic implications on the built environment. In 
2008, Umeå Municipal Company (UKF) engaged the new technology-based firm Hybricon to 
convert hybrid cars to plug-in hybrids (interview with Public Transport Manager, Feb. 2016). 
These were to be used as municipal service vehicles. Two years later, the founder of Hybricon 
suggested that electric buses could alleviate the city’s air quality problem, and that the silent 
and emission-free features of electric buses could make the local public transport more 
attractive. The municipal board approved a development, test and demonstration project with 
Hybricon and sealed a contract to convert diesel buses into electric buses.  

 
The development project involved several suppliers including e-Traction from the 

Netherlands who supplied electric drive system and Opbrid, an entrepreneurial company from 
Spain who developed a novel charging solution, using pantographs from the rail industry. The 
idea was to use the established technology from train pantographs in combination with sliding-
bars adopted from train depots. Schunk, a German rail industry company, provided pantographs 
for the charging interface. Hybricon integrated parts into a new concept for fast-charged 
electric buses. In 2011, they delivered two converted buses, which started to operate the shuttle 
bus service between Umeå airport and the city center (figure 3). 

 
 
 
 
 
 
 
 
 
 
  
   

 
From this initial operation, Hybricon and UKF learned that conventional buses were not 

suitable for electric propulsion and that it would be better to develop electric buses from 
scratch. UKF placed an order for six new generation buses for delivery between 2012 and 2014. 
However, in the efforts to develop the buses, Hybricon ran into liquidity problems and went 
bankrupt in March 2013. Umeå municipality was a prioritized creditor and the municipal board 
decided to restructure the firm and restart the company under new ownership.  

 
In January 2014, Hybricon delivered a new generation electric bus to the airport-shuttle 

line and subsequently on line #9 in Umeå (interview with Sales Officer, Feb. 2016). Drawing 
on experiences gained from the first project, it also included a design change in the charging 
interface. Instead of roof-mounted pantographs on the bus, Hybricon and Opbrid inverted the 
pantographs and integrated them into the charging stations. Thus, they could cut product and 

http://www.opbrid.com/
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Figure 4, Hybricon 18-meter articulated four-wheel drive bus (left) and the ultra-fast charging station 650 kW (right), 
Photos: corresponding author, Umeå-February 2016 

maintenance costs and reduce vehicle weight. They also increased the power to reduce charging 
time (figure 4). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

According to the Public Transport Manager at UKF, there will be orders for another 24 
buses until 2019 upon satisfactory results from current operations (interview Feb. 2016). In 
May 2015, Hybricon introduced their electric bus systems as commercial products suited for 
the harsh Nordic climate. They subsequently strengthened their marketing organization and 
according to their Chief Financial Officer, they had presented prospects for about 20 cities in 
early 2016 (interview Feb. 2016). However, still as of 2017 they had not been able to close any 
contracts for deliveries outside their hometown.  

 
4.2. Helsinki 

Helsinki is the capital and the largest city in Finland. The Helsinki region aims to cut down 
pollution and noise and have devised long-term plans to increase the share of electric buses in 
public transport. This is in line with the Finnish government objectives for transformation of 
current transport systems through electromobility. To this end, the Finnish Funding Agency for 
Innovation sponsored a 5-year national research program called EVE. It consisted of several 
initiatives including the Electric Commercial Vehicles (ECV) program (Tekes, 2016). Among 
the main objectives of this program was to gather electromobility actors and support R&D and 
commercialization of electric vehicles. The program covered test and optimization, planning, 
installation, service and maintenance of propulsion technology and charging infrastructure, as 
well as development of business models and creating international business networks. The 
Technical Research Centre of Finland (VTT) coordinated the program.  

 
The ECV-program comprised of several projects for test and simulation of electric bus 

technologies in different operational conditions, using existing facilities and technical 
competencies at VTT. A prototype bus was designed for test and simulation in different driving 
cycles. The ECV-program attracted several bus manufacturers who became interested in testing 
their vehicles in the lab and on the reference route on line #11 in Espoo (a suburb to Helsinki). 
A new technology-based company Linkker Oy emerged as a spin-off from the program. Based 
on experiences gained, the company founders saw distinctive advantages with fast-charged 
buses. Soon after its establishment, Linkker received orders from Helsinki Regional Transport 
(HSL), and interest from other cities in Finland followed. UITP also endorsed the program and 
according to VTT research engineers, it inspired the formation of the EU-wide test platform for 
electric buses that later became known as ZeEUS (see further 4.5 Stockholm). 

 



Page 12 

Figure 5, Linkker electric bus and fast charging station in Espoo, Helsinki,  
Photos by corresponding author, May 2016 

In 2016, the program moved into a 4-year pre-commercialization pilot project, consisting of 
two parts: 1) public procurement for electric buses and charging infrastructure, and 2) improving 
productivity and integration with dynamic grid load management and preparing full 
commercialization of electric buses. HSL coordinated the project; Linkker provided electric 
buses to for operation on line #11. The new technology-based company Heliox from the 
Netherlands provided charging stations for roof-mounted pantographs (figure 5).  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
Similar to UKF in Umeå, HSL in Helsinki made a decision to purchase electric buses 

directly from a local manufacturer. Normally the bus operator would purchase and own 
vehicles, but HSL made an exception because it would be unreasonable to let the operator 
shoulder the risks associated with the new technology (HSL Project Director, NEBI-II 
conference, Helsinki, May 2016). In 2016, Linkker and Heliox also made deliveries of fast-
charged electric bus systems to Turku in Finland and Copenhagen in Denmark (see next 
section).  

 
4.3. Copenhagen 

Copenhagen is the capital and the largest city in Denmark. The city has a long tradition of 
environmental friendly transport and in 2014 it was selected as the green capital of Europe 
(European Commission, 2017). The city has a plan to make public transport carbon-neutral by 
2025 and electrification of city-buses is an important step to achieve this goal. This was 
formulated as ‘one path to the target’, as stated by a representative from Center for Urban 
Development in Copenhagen (NEBI-I conference, Gothenburg, Sep. 2015). Between 2009 and 
2014, the city tested several electric mini-buses, and the first trial with full size buses was 
carried out 2014–2015, with slow-charged buses from the Chinese manufacturer BYD. The 
preference for slow-charged buses at this stage was due to technological uncertainties and lack 
of industry standards for fast-charging. Moreover, the Copenhagen transport authority initially 
wanted to test electric buses without heavy infrastructure investments.  

 
According to the representative from Center for Urban Development, the city purchased 

buses, but unlike Umeå and Helsinki, they decided to practice public tendering, specifying 
technical demands rather than selecting a specific supplier. The ambition was to standardize 
the electric bus tendering. The public transport authority was determined to make electric buses 
part of normal operations for the city transport and tendering is an important step to achieve 
this goal. Nevertheless, requirement details were difficult since they had never purchased 
electric buses before and felt uncertain regarding compatibility of products from different 
manufacturers, as well as the ability of the technology to meet the requirements. The trial with 

https://www.hsl.fi/en/news/2015/first-fast-charging-electric-buses-developed-linkker-enter-service-soon-7692
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Figure 6, Volvo hybrid plugin bus and the sliding pantograph charging system by Opbrid in Gothenburg,  
Source: www.Opbrid.com  

slow-charged buses ran on different lines, collecting data on technical performance, service 
and maintenance, energy intensity, battery failures, passenger flows and ordinary breakdowns. 

 
Despite all challenges involved, the Copenhagen public transport authority decided to 

make a second trial, but this time with fast-charged buses. Based on a public tendering process, 
they chose Linkker and Heliox, who previously had tested their electric bus systems in 
Helsinki. By the summer of 2016, twelve electric buses came into operation with the plan to 
continue operating until 2018. The goals are to have tendering processes for electric buses in 
place by 2017 and 25–27 electric buses in operation by 2019. Copenhagen’s ultimate goal is to 
electrify the complete fleet of 385 city-buses by 2028.  

 
4.4. Gothenburg 

Gothenburg is the second largest city in Sweden and the home of AB Volvo, one of the 
world’s largest truck and bus manufacturers. The company has been involved in the development 
and testing of various hybrid-electric propulsion systems for heavy-vehicles since 1990s. In 
2010, Volvo introduced its first commercial hybrid bus and quickly became the leading European 
hybrid bus manufacturer (Sushandoyo & Magnusson, 2014). In 2013, Volvo joined forces with 
Opbrid to test fast-charged plugin-hybrid buses on line #60 in central Gothenburg (figure 6). 
Opbrid implemented a fast-charging system adapted from their first experience in Umeå. The 
municipal energy company Göteborg Energi and the public transport authority Västtrafik were 
involved. In the project, Volvo proved the technical feasibility of the system and showed 
significant reduction in fuel consumption and energy use (Hyperbus, 2014). Convinced by the 
potential, Volvo proclaimed electromobility as their future strategy for urban bus transport, 
inviting cities to take part in the development of new systems solutions and business models 
(press release 2013-10-17). 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
Drawing on the experience from Gothenburg, Volvo delivered plugin hybrid buses for 

operation in Hamburg in 2014 (interview with Resident Engineer, Oct. 2015). This time, Volvo 
teamed up with the public transport authority Hochbahn and the large electric equipment 
manufacturer Siemens to implement an inverted pantograph system, a technical solution similar 
to the second charging station in Umeå. At this stage, Volvo adopted the inverted pantograph as 
their standard fast-charging solution for electric buses. They also announced a consecutive 
project in Gothenburg: ElectriCity, with the ambition to ‘demonstrate how electric vehicles can 
contribute to a better city environment and sustainable public transport’ (press release 2013-
10-17). According to the Project Coordinator, the ElectriCity project involved 15 partners 

http://www.opbrid.com/
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Figure 7, ElectriCity project in Gothenburg (Source: www.electricitygoteborg.se/en/media )  
Indoor charging station (left) and inverted pantograph charging (bottom right) 

active in research, business development, energy, transport, IT/ITC, real estate and 
local/regional governance to create a platform for innovation in public transport services based 
on electromobility concepts (interview, Apr. 2014). The project designed a new bus route (line 
#55), connecting two science parks and university campuses. The operation included seven 
plugin-hybrid buses and three full-electric prototypes. Siemens delivered charging equipment 
based on their earlier experience in Hamburg. The project aimed to integrate urban transport 
services with real-time traffic data, seamless mobile and ICT services, interactive interfaces for 
passengers as well as safety concepts, green depot charging and housing energy solutions. It 
also included an indoor terminal to demonstrate new possibilities for urban design (figure 7).  

 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 

 
 
In 2014, another large electrical equipment manufacturer – ABB – formed a strategic 

partnership with Volvo and subsequently delivered another charging station to Gothenburg 
(interview with Sales Manager e-mobility, Jun. 2017). Drawing on their joint experiences, Volvo, 
Siemens and ABB invited bus manufacturers and charging equipment suppliers to take part in 
the definition of an open interface platform for fast-charging based on the inverted-pantograph 
solution. Naming this platform OppCharge, the intention was to make sure that charging stations 
would not monopolize public transport authorities to any single bus manufacturer. As of October 
2017, fourteen different organizations officially joined the platform, among them the charging 
equipment suppliers Heliox, Stemman, Furrer+Frey/Opbrid4 and the newly established Eko-
Energetyka from Poland, as well as a number of bus manufacturers including Solaris, Ebusco, 
HeuliezBus and Iveco. The public transport authorities Hochbahn and Västtrafik also announced 
their support (OppCharge, 2017).  

 
Following their experiences in Hamburg and Gothenburg, Volvo replicated their solution 

for fast-charged electric buses in Stockholm (see next section) and in other cities across Europe 
(e.g. Luxemburg, and Namur and Charleroi in Belgium), and beyond Europe such as Curitiba in 
Brazil (press release 2017-02-09). 

 
 

                                                 
4 Furrer+Frey, an incumbent Swiss manufacturer of overhead contact lines, acquired Opbrid in 2016 

http://www.electricitygoteborg.se/en/media
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Figure 8, ZeEUS Project in Stockholm and charging stations at Karolinska institute (left) and Ropsten (right) Source: 
Corresponding author (left), www.ZeEUS.eu (right) 

4.5. Stockholm 
Stockholm is the capital of Sweden. Like Copenhagen, Stockholm has been selected as the 

green capital of Europe (European Commission, 2017). The city has already reached ambitious 
environmental objectives including 100% renewable fuels in public transport, as well as reduced 
energy-use and local pollutants. Some of the most environmentally enhanced vehicles for public 
transport have been in operation during recent years among which 52 hybrid buses from the 
German manufacturer MAN have operated since 2014. Thus far, this was the largest order for 
hybrid buses in Sweden (Bussmagasinet, 2013).  

 
The public transport authority in Stockholm SLL is planning for a new public procurement 

of inner-city bus operations in 2026 and they want to test electric bus systems before final 
decisions on large investments (interview with Bus development strategist, Jun. 2016). With 
support from the EU-sponsored consortium for zero emission urban bus systems (ZeEUS), eight 
fast-charged plugin-hybrid buses from Volvo started operation on route #73 in Stockholm by 
early 2015 (figure 8). Siemens supplied the fast-charging stations. The International Public 
Transport Association (UITP) coordinated ZeEUS, which included demonstration and evaluation 
of electric buses with different charging solutions in several European Cities.5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Visibility was an important factor in the choice of the route, but just as important was the 

performance in real life conditions, in particular reliability and cost-efficiency. Plugin-hybrid 
buses replaced conventional diesel buses, functioning in full-scale traffic conditions with the 
same contractual terms as ordinary buses. According to the SLL Bus development strategist 
‘the objective is to show that we can have environmentally friendly buses in operation and at 
the same time being cost efficient and run with the highest reliability’ (NEBI-I conference, 
Gothenburg, Sep. 2015).  

 
The project in Stockholm has provided input for further planning of electric bus operations 

and it shared its experiences with other partners in the ZeEUS consortium. The ambition was 
to assist the development of generally applicable guidelines and tools for assessing, tendering, 
and implementing electric bus systems in Europe. According to an industry representative, 
European public transport authorities had announced in total about 2000 tenders on electric 
buses in June 2017 and about 75% of those tenders required inverted pantograph systems for 

                                                 
5 ZeEUS consortium involves 40 partner organizations and 10 core demonstration sites: Münster, London, Plzen, Barcelona, Stockholm, 

Bonn, Eindhoven, Cagliari, Warsaw, and Bonn. Half of them have reported experiments with different fast-charging solutions including 
Stockholm, Münster, London, Plzen, and Barcelona. Apart from core demonstration sites, ZeEUS also involves several observation sites and 
user groups in different European cities (among others Turku in Finland). Participating cities can attend ZeEUS Electric Bus Forum meetings 
every 6 months (ZeEUS, 2017). 
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fast-charging. This development related to an official standardization process going on at the 
EU-level with a plan to have the standard in place by the end of 2019. However, the European 
association of automotive manufacturers has pleaded for a quicker process, advocating the 
inverted pantograph as the preferred fast-charging solution (ACEA, 2017). 
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5. Case analysis 
 

5.1. Comparison of locally embedded niche projects  
 Visions of improved public transport services, as well as environmental targets on air 

quality, noise reduction and reduced greenhouse gases guided all the demonstration projects. 
Especially for the capital cities Stockholm and Copenhagen, electric buses were included in 
broader efforts for environmental profiling. Copenhagen considered full electrification as ‘the 
only path’ and started testing slow-charged electric buses from China and then adopting fast-
charged electric buses produced by Linkker in Finland. By contrast, the public transport 
authority in Stockholm considered plugin-hybrids as a more reliable technology from the 
beginning. They had previous experiences from the operation of (non-plugin) hybrid buses and 
took the next step in electrification by adding plugin hybrid buses. The Gothenburg projects 
show a similar path of technology adoption, from hybrids to plugin-hybrids. 

 
Umeå was the smallest of the five city cases. Through an enduring support from the 

municipality, the local start-up firm Hybricon tried to reach the market with their fast-charged 
full-electric buses. Upon Hybricon’s bankruptcy, the municipality even took over the assets 
and restructured the company. In Helsinki, we observed similar ambitions to reach the market 
by Linkker who also received public support. However, in this case, the origin was a national 
research center together with pre-orders by the transport authority in Helsinki. It can be argued 
that Linkker had access to more comprehensive resources and a more elaborate network 
through the extensive national research program with the intention to nurture a domestic 
industry with high ambitions for growth and economic development. 

 
In terms of research intensity, besides the Helsinki projects, ElectriCity in Gothenburg was 

the most intensive project with strong involvement of a local technical university. While being 
similar in terms of industrial ambitions, the demonstration projects in Gothenburg differed from 
both Helsinki and Umeå, featuring the incumbent bus manufacturer Volvo as a lead actor and 
facilitator. A prime objective of the ElectriCity project in Gothenburg was to attract attention 
to the possibilities enabled by electromobility concepts. The project invited bus operators, 
public transport authorities and other relevant stakeholders from other cities to visit the site. 
Thus, the project served to visualize and promote Volvo’s new electromobility strategy while 
providing a platform to connect different stakeholders with mutual interests in this emerging 
field.  

 
In the absence of extensive industrial ambitions, Stockholm and Copenhagen rather 

focused on public transport tendering and contracts as well as procurement requirements, an 
issue that Helsinki mostly focused in its pre-commercial pilot project. In particular, projects in 
Stockholm and Copenhagen had the ambitions to use electric bus operations to develop well-
functioning competitive tendering processes for procurement of electric bus systems and 
services in the future. The development of such tendering processes would be a prerequisite to 
reach ambitious goals on comprehensive electrification of electric city bus fleets in the near 
future. Table 4 summarizes the contextual comparison between the cities in terms of earlier 
experience, local environment and intended outcomes. 
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Table 4, Contextual comparison of electric bus niche projects in five cities 

Case  
(city) 

Earlier  
experience  

Local  
environment 

Intentions and future 
expectations 

 
Umeå 
 

Hybricon’s conversion 
of hybrid cars for UKF 

Supported by the 
municipality 

Attractive, clean and affordable 
public transport, commercially 
viable products 

 
Helsinki 
 

Testing facilities and 
technical competence  

Part of an extensive 
national program 

Reduced pollution and noise, 
renewable energy, development 
of a new industrial sector 

 
Copenhagen 
 

Tests of slow-charged 
buses 

Important part of city’s 
climate strategy 

Carbon neutral public transport, 
tendering process for electric 
buses 

 
Gothenburg 

 

Hybrid technology 
development and 
operation of hybrid 
buses 

Involving 15 partner 
organizations  

Platform for innovation, 
demonstrating electromobility 
possibilities 

 
Stockholm 
 

Operation of hybrid 
buses  

Visibility important for 
route choice, reliability 
important  

Reduced pollution and noise, 
renewable fuels, preparation for 
procurement 

 
Apart from the similarities and differences in terms of project focus and industrial 

ambitions discussed above, the table shows noteworthy differences in the local environment. 
All projects enrolled local actors, both public and private, to attain support. However, two 
projects stand out in their actor constellations. The ElectriCity project in Gothenburg brought 
into collaboration a large number of industrial partners as well as local, regional and national 
authorities and agencies, embracing organizational complexity to investigate possibilities for 
innovation. By contrast, the local environment in Umeå appear to be the simplest among the 
city cases. Being a relatively small city with a stable political governance, Umeå could offer 
responsive decision-making processes and enduring public policies in support of the projects. 

 
5.2. Niche project interactions across time and space  

In Umeå the new technology-based firm Hybricon embraced the idea of fast-charged 
electric buses with optimized batteries at a very early stage. Together with another new 
technology based firm – Opbrid – they developed a solution for fast-charged electric buses, 
which they implemented already in 2011. They followed their efforts with additional local 
projects and are still expanding in Umeå. However still in 2017, Hybricon was facing hardships 
to move beyond the local context. Although this newcomer managed to survive financial 
challenges through the constant support from the municipality, the favorable local policies 
seem to rather confine the firm to its local boundaries.  

 
The Helsinki case provides a contrasting picture. Here, the new electric bus manufacturer 

Linkker and its partner Heliox received support through an extensive research program at a 
national level and this initiative appears to be more successful in expanding beyond its local 
boundaries. The international orientation of Linkker can be related to the network activities 
and a focus on industrial development and business model innovations supported through the 
national ECV program, and its successive pre-commercial pilot project. At the start of 
Helsinki’s pre-commercial pilot, the public transport authority in Copenhagen had tested slow-
charged electric buses but saw potential advantages with fast-charging. Thus, extensive 
ambitions for electrification of city buses in Copenhagen provided an opportunity for Linkker 
to transfer its experiences outside the domestic market.   
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Notwithstanding Hybricon’s difficulties to reach outside its hometown, the first 
demonstration project in Gothenburg did benefit from the experiences gained in Umeå, as the 
incumbent bus manufacturer Volvo engaged Opbrid as its first charging system supplier. Opbrid 
could thus transfer knowledge generated in the Umeå projects to the first demonstration project 
in Gothenburg. In its subsequent projects in Gothenburg and elsewhere, Volvo preferred to 
collaborate with Siemens and ABB. These multi-national incumbents from the electrical 
equipment industry could better match Volvo in terms of size and maturity. For Volvo, the 
strategic partnership with ABB formed a stable basis for a further international expansion of 
the business in fast-charged electric buses.  
 

Figure 9 illustrates critical linkages between different projects, highlighting actors who took 
part in several projects. The figure highlights a number of organizations with different 
characteristics. First, there is a difference in terms of governance structures. On a local level, a 
number of public organizations have been involved in consecutive projects. This includes 
municipal companies and public transport authorities (HSL, Västtrafik, UKF, Göteborg 
Energi). These organizations were important for the transfer of experiences between projects 
executed in the same city. However, they could not take active part in demonstration projects 
outside their administrative territories. Thus, their only possibility to interact with projects in 
other cities was through participation in workshops and seminars, and through informal contacts 
and study visits. The ZeEUS consortium, which UITP set up with inspiration from the ECV 
program in Helsinki, was an initiative to support such interactions among locally embedded niche 
projects.  

 
Figure 9 further shows a group of private firms, which took part in demonstration projects in 

more than one city. This group includes small newcomers (Opbrid, Heliox, Linkker) as well as 
large incumbent firms (Volvo, Siemens). This group was instrumental for transfer of experiences 
from the operation of fast-charged electric buses between different cities. In particular, the 
large incumbents were able to expand relatively quickly to several cities. The position of these 
firms as global actors with extensive R&D resources, market channels and existing service 
networks, as well as an understanding of user practices and requirements in the public transport 
sector, can explain their ability to transcend local boundaries and enroll additional actors, and 
hence facilitating niche empowerment (c.f. Smith and Raven, 2012)  
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Figure 9, Niche projects comprising fast-charged electric bus systems in five cities (continuous lines)  
and linkages between projects involving critical actors (hatched arrows) 
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5.3. Emergence of a global niche  
Altogether, the demonstration projects generated a number of valuable lessons. In the early 

projects, these lessons primarily related to technical feasibility, showing how fast-charged 
electric buses could work in daily public transport operations. Among the lessons learned was 
that bus operators would prefer reduced charging time, because this would result in reduced 
delays and operating costs. Another important lesson was that it would make sense to invert the 
pantograph arm and place it at the charging station rather than having it installed on the roof of 
every vehicle. This would reduce costs, ease the maintenance, and result in lighter and better-
balanced vehicles with less risk of vibrations in the body structure. These lessons are less 
context-specific; hence, manufacturers could make use of this knowledge in their design of 
vehicles and charging stations for subsequent demonstrations.  

 
While the early projects focused on technical feasibility, a more pronounced ambition in 

later projects was to prove the commercial viability of fast-charged electric buses. At this stage, 
Stockholm and Copenhagen initiated demonstration projects. These cities differed from Umeå, 
Gothenburg and Helsinki, in that they did not have a specific local electric bus manufacturer to 
support. Thus, they were open to offers from different manufacturers. For the manufacturers, 
this meant that they had to compete with each other to attain the orders. Whereas the hometown 
projects shielded both the technology and the local manufacturing firms, the niche projects 
outside manufacturers’ home territories only shielded the technology (c.f. Bakker & Konings, 
2017; Sushandoyo & Magnusson, 2014). Hence, presenting a commercially attractive offer was 
a prerequisite to reach outside the local boundaries. Knowledge on business and financing 
became important. This knowledge had to be based on an understanding of how to reach a 
competitive cost level. In this respect, the industry incumbents had an advantage due to their 
established position as volume manufacturers. Thus, their ability to transfer knowledge from 
local experiences to projects at new locations depended on a process of knowledge 
accumulation, in which they integrated new and existing knowledge (c.f. Bergek et al., 2013). 

 
Literature on strategic niche management highlights conferences and workshops as 

important aggregation activities that link local niche projects (Geels & Raven, 2006). A number 
of conferences and workshops on electric bus systems have been organized, including the 
Nordic electric bus initiatives and the meetings arranged by the ZeEUS consortium. 
Representatives from different organizations involved in local projects attended these events, 
discussing challenges, opportunities, critical problems, and ways of solving these problems. 
The conferences and workshops were based on dialogue, forcing the attendants to articulate the 
knowledge they had gained from local demonstration projects. Thus, these events facilitated a 
process of knowledge sharing between organizations. Literature on niche aggregation further 
considers the instance of shared standards as an important indicator of the emergence of a global 
niche (Geels and Deuten, 2006; Bakker et al., 2015). In the case of fast-charged electric bus 
systems, the Oppcharge initiative was as an attempt to speed up the establishment of such 
standards. A common interface among electric vehicles from different manufacturers and even 
other types of electric commercial vehicles is a crucial step to ensure interoperability and scale 
up. This is critical for the diffusion of fast-charged electric bus systems and other commercial 
electric vehicles in cities. Whereas Oppcharge is a common interface that exhibits 
characteristics of codified generic knowledge, it also constitutes a growing network of industry 
actors, including both large and small firms, who are involved in the development and 
implementation of fast-charged electric bus systems. Industry incumbents initiated the 
platform, but is open for other actors to join, thus facilitating standardization of a common 
interface for fast charging. Their accumulated knowledge gained from a series of demonstration 
projects at different locations, made it possible for the incumbents to initiate the network.  



 

Page 22 

6. Conclusions 
 

In the attempt to answer the question of how different learning processes support niche 
aggregation, this paper has contributed with an organizational perspective on sustainability 
transitions. Such perspective has been largely absent in the early research in this field (Markard, 
Raven, & Truffer, 2012). Merging literature from strategic niche management and niche 
aggregation with theoretical concepts derived from literature on project-based organizing and 
learning in project-based firms, the paper suggests that niche aggregation is a cyclical process 
that involves both cumulative learning within organizations and interactive learning between 
organizations.  

 
Previous studies of niche aggregation have shown that professional networks, industry 

associations, and standardisation committees are important structures to support inter-
organizational knowledge flows, which are detached from the local space (Verbong et al., 2008; 
Geels and Deuten, 2006). Hence, such structures are critical for aggregation of knowledge into 
global niches that engage larger communities. However, these studies tend to downplay 
important aggregation activities that take place inside organizations.  

 
The presented analysis of demonstrations for fast-charged electric bus systems suggests 

that internal organizational learning processes are just as important as knowledge sharing 
between organizations. The paper outlines knowledge accumulation as a critical learning 
process that integrates new knowledge gained from experiences in niche projects with the 
existing knowledge that resides inside organizations. This process is essential for industrial 
firms to be able to move from the initial local niche context to niche projects at other locations. 
Consequently, knowledge accumulation and knowledge sharing can be regarded as 
complementary and mutually reinforcing learning processes that jointly support niche 
aggregation into global-niche structuration.  
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Appendix: List of interviews 
 

Interviewee Date Venue Length 

Umeå municipal company (UKF) Public transport 
manager  Feb, 2016 Umeå,  

Sweden 1:30hrs 

Hybricon Chief Financial Officer Feb, 2016 Umeå,  
Sweden 30 min 

 
Hybricon sales officer Feb, 2016 Umeå,  

Sweden 2 hrs 

 
Opbrid former CEO April, 2017 Internet  

(Skype) 1 hr 

 
Linkker senior technician May, 2016 Helsinki, 

Finland 20 min 

 
VTT lab technician May, 2016 Helsinki, 

Finland 20 min 

 
VTT engineer (e-buses) May, 2016 Helsinki, 

Finland 20 min 

Volvo Bus Manager Public Affairs March, 
2014 

Gothenburg, 
Sweden 1 hr 

ElctriCity Project coordinator  April 2014 Linköping, 
Sweden 1 hr 

 
Volvo resident engineer Innovation Line Oct, 2015 Hamburg, 

Germany  20 min 

 
ABB Sweden Sales Manager e-mobility  June, 2017 Linköping, 

Sweden 1 hr 

 
ZeEUS project coordinator Nov, 2015 

Internet 
(encrypted 
platform) 

1 hr 

 
Stockholm public transport authority (SLL) Bus 
development strategist  

June, 2016 Stockholm, 
Sweden 1 hr 
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