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The threat of global warming and its consequences are widely recognized, and the question of how 

to  proceed  with  the  long  transition  towards  fossil  fuel  -neutral  economies  concerns  many  nations  

and people. At the same time the world’s primary energy use is predicted to increase significantly 

during the next decades as a result of global population and welfare increase. Improved energy 

efficiency and increased use of renewable energy sources in the world’s energy mix play important 

roles in the future energy production and consumption. The objective of this thesis is to study how 

novel renewable energy technologies, such as distributed small-scale bio-fueled combined heat and 

power production and wind power technologies could be commercialized efficiently.  

 

A wide array of attributes may contribute to the diffusion of new products. In general, the bio-

energy  and  wind  power  technologies  are  in  emerging  phases,  and  the  diffusion  stage  varies  from  

country to country. The effects of firms’ technology choices, collaboration and alliances are studied 

in this thesis. Furthermore, the roles of national energy infrastructure and energy support schemes in 

the commercialization of new renewable energy products are explored. The empirical data is based 

on energy expert interviews, financial and patent data, and literature reviews of different case 

studies.  

 



The thesis comprises two parts. The first part provides an overview of the study, and the second part 

includes six research publications. The results reveal that small-scale bio-fueled combined heat and 

power production and wind power technologies are still in emerging phases in their life cycles, and 

energy support schemes are crucial in the market diffusion. The study contributes to earlier findings 

in the literature and industry by confirming that adequate energy policies and energy infrastructure 

are fundamental in the commercialization of novel renewable energy technologies. Firm-specific 

issues, including business relationships and new business models, and market-related issues will 

have a more significant role in the market penetration in the future, when the technologies mature 

and become competitive without political support schemes.  

 

Keywords: commercialization, energy support schemes, firm resources, collaboration, renewable 

energy, wind power, bio-energy, climate change 
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1. INTRODUCTION 
 

1.1 Background of the study 
 

According to IEA (2012), the world’s energy mix has not changed in the 21st century, and the share 

of fossil fuels still accounted for about 80 % of the global energy mix in 2010. The world’s primary 

energy use, on the other hand, is predicted to increase significantly during the next decades, 

reaching a total energy consumption of about 50% higher in 2050 than today. The main drivers 

behind the phenomenon are the increase in population as well as expected gross domestic 

production (GDP) and prosperity increase, especially in the developing countries (Weijermars et al. 

2012). Further, e.g. nuclear power plants will phase out and the decommissioning of outdated coal 

plants in many regions will lead to a need for replacement of a substantial proportion of the current 

energy generation capacity in the near future (Pehnt et al. 2006).  

 

There exists a broad understanding that the global climate is changing at a growing speed, mostly 

due to increasing greenhouse gases (GHG) in the atmosphere as a result of the increased use of 

fossil fuels. The surface temperature of the Earth could rise significantly during this century, 

resulting in such impacts that we would witness an entirely new planet unknown to us. However, in 

spite of the enormous challenges that the mankind faces, the climate warming issue can be solved in 

such a manner that the climate change can be limited to a sustainable level. (Lynas 2008; IPCC 

2012a) 

 

In order to mitigate the global warming issues, the European Union (EU) has defined an array of 

binding objectives for 2020. The member states should e.g. source 20 % of their total energy from 

renewable energy sources (RES), save 20 % of the energy consumed by increased energy 

efficiency, and reduce CO2 emissions by participating in emission trading schemes (Ruska & 

Kiviluoma 2011; Sipilä et al. 2008; Carvalho 2012).  The global climate change mitigation 

objectives, and the imminent increase in energy consumption pave the way for significant diffusion 

potential of RES. However, since the biggest GHG polluters do not participate in the climate 

change mitigation schemes today, and shale gas and oil are becoming economically viable with the 

new drilling technologies, fossil-fuel consumption is expected to increase. Fossil fuels are also 
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globally subsidized: by 409 billion USD in 2010 compared to 66 billion USD subsidies for RES in 

2010 (IEA 2011). 

 

However, a lot has already been done to harness renewable energy (RE) capacity, especially during 

the last decade. Global investments in renewable energy sources between 2004 and 2011 increased 

annually by about 30 % on average, and reached the level of USD 260 billion in 2011. These RES 

investments included wind power, bio-energy, solar power, geothermal energy, and small hydro 

power (GWEC 2012). In addition to providing a remarkable potential for mitigating the climate 

change, RE can offer much wider benefits. The additional sustainable benefits include, but are not 

limited to: 

 Opportunity to contribute to the social and economic development (particularly in poor and 

remote rural areas) 

 Accelerating the access to energy 

 Improving the  security of  energy supply 

 Providing improved (lower) GHG emissions throughout the life cycle of RES (IPCC 

2012b). 

 

RES: bio-energy and wind power technologies, solar energy, geothermal energy, hydro power, and 

ocean energy incorporate huge resource potential. Solar energy is by far the greatest energy source. 

The average annual solar insolation that the Earth receives could theoretically cover the global 

energy demand by a factor of 1000. However, several constraints related to e.g. technology 

maturity, poor concentration, i.e. demand and supply do not match up, land use issues, and general 

acceptability still limit the utilization of RES. (VTT 2009) 

 

In this research, bio-energy and wind power are explored, and how these novel technologies could 

be efficiently commercialized. In bio-energy, the focus is on small-scale distributed combined heat 

and power production (CHP) that uses biomasses, such as woodchips from logging residue. The 

small-scale bio-CHP production is in this research limited to plants whose nominal powers do not 

exceed 3 MW. The technologies for commercial small-scale CHP production are mostly based on 

combustion technologies. A bio-fuelled CHP-plant consists of a boiler, firing unit, turbine, bio-fuel 

storage and conveyor, as well as automation (Kara et al. 2003). The principle of combined heat and 

power  production  has  been  known for  a  long  time,  and  since  the  beginning  of  the  20th century, a 

number of units have been in operation. However, commercial small-scale CHP technologies are 
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still under development today. CHP contains the following essential elements: simultaneous heat 

and electricity production, high-efficiency performance, and proximity of the energy production 

unit to the customers (Pehnt et al. 2006).  

 

Potential customers for distributed bio-CHP technology using forest biomasses include farms, 

greenhouses, small and medium size enterprises, real estate outside urban areas, and district heating 

plants. These actors may operate fairly independently or cooperate actively e.g. in joint forest 

biomass harvesting, transportation and refining to wood chips. Further, they may also collaborate 

with various service providers, such as maintenance firms and plant and component manufacturers 

(Kokkonen et al. 2011). It is especially feasible to introduce novel CHP-technologies utilizing forest 

biomasses in countries such as Finland that possess adequate natural resources enabling their 

sustainable exploitation. 

 

Bio-energy accounted for about 10 % of the world's primary energy consumption in 2010. The 

potential use of bio-energy could be almost doubled, accounting for about 15 % of the world's 

energy demand by 2035, provided that the 450-scenario of the International Energy Agency (IEA) 

can be implemented. However, the 450-scenario requires fast adoption of policies leading the world 

to a sustainable pathway limiting the global warming to two degrees, and this scenario can be 

regarded as rather challenging. (IEA 2012) 

 

The world’s wind resources are enormous: according to estimates, utilizing only one fifth of the 

economically viable global inland wind resources for power generation would have exceeded the 

world’s electricity consumption in the year 2000 seven times over (GWEC 2008). Wind kinetic 

energy was used to generate electricity for the first time over a century ago, but wind power is still 

in the emergent stage in its lifecycle. The key reason for the slow diffusion is the lack of a societal 

crisis that often leads to radical innovations, and only the oil shocks in the 1970s finally accelerated 

wind power innovation and investments (Sahin 2004; Dismukes et al. 2009). 

 

The typical design of a modern wind turbine is the horizontal axis wind turbine (HAWT), with the 

rotation axis parallell to the ground. The key components of a HAWT include a rotor (containing a 

hub and typically two or three blades), a nacelle (including a generator, the main frame, a drive train 

containing rotating parts, such as the main shaft and possibly a gearbox, and control and electrical 

systems), and a tower and foundation. During the past decades, the nominal power of wind turbines 

has grown notably, and today the biggest operational turbines are 7.5 MW in size. Wind turbines 
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with  a  power  rating  of  10  MW  and  beyond  are  under  design  (Manwell et al. 2010; BTM 2012a; 

BTM 2012b). 

 

The global installed cumulative wind power capacity was over 240 GW in 2011, consisting mostly 

of onshore installations. The cumulative market is predicted to reach 900 GW by 2020. The biggest 

cumulative markets in 2011 were China and the USA, followed by Germany and Spain. Among the 

top ten turbine manufacturers were four Chinese firms that had grown rapidly, as had the Chinese 

market. (BTM 2012b) 

 

1.2 Positioning of the study 
 

Cooper (1988) has introduced the well-known stage-gate model for the new product development 

(NPD) process. The framework has been slightly modified later, but the process can still be divided 

into seven phases. The framework is discussed more detailed in chapter two. This study can be 

positioned in the commercialization stage, which is the last phase in the innovation process. Figure 

1 depicts the research focus of this study. 

 

 
Figure 1: Research focus in the NPD process, adapted from Cooper (1988); Kotler & Keller (2006) 

 

In general terms, product commercialization has been widely discussed in the literature (e.g. Cooper 

1988; Kotler & Keller 2006; Rafinejad 2007; Tidd & Bessant 2009). The commercialization of 
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renewable energy products has also been discussed broadly from different perspectives; for example 

the perspective of energy subsidies such as feed-in-tariffs (FIT) (Butler & Neuhoff 2008; Laird & 

Stefes 2009; Saidur et al. 2010; Trypolska 2012; Erturk 2012), the point of view of R&D support 

schemes (Kalamova et al. 2011; Sung & Song 2013) and financing (Chaurey et al. 2003), as well as 

the perspective of start-up firms, alliances and intellectual property (Logar et al. 2001).  

 

However, there is scarcity of literature that discusses the commercialization of novel renewable 

energy products taking extensive account of the broad array of attributes that contribute to market 

diffusion. These attributes include, but are not limited to, technology-push (R&D subsidies) and 

technology-pull subsidies (e.g. FIT), firms’ collaboration and alliances (Parolini 1999; Barney & 

Hesterly 2006), firms’ resources (Barney 1991), and technology issues such as modularity (Jacobs 

et al. 2007; Worren et al. 2002), competitors’ and customers’ actions, the timing of entry, firms’ 

strategies, and the infrastructure and policies of the markets (Porter 1990). This thesis aims at filling 

this research gap by studying specific key attributes such as energy policies, energy infrastructure, 

firm-specific issues, and market-related issues that contribute as a cluster to novel product market 

diffusion, thus increasing the knowledge in this area.   

 

1.3 Research objectives 
 

The  objective  of  this  thesis  is  to  explore  how  novel  renewable  energy  technologies,  such  as  

distributed small-scale bio-fueled CHP production and wind power technologies could be 

efficiently commercialized. The escalation of global climate warming, the significant increase of the 

world’s primary energy use during the next decades, and the scarcity of fossil fuels on the horizon 

have paved the way to finding sustainable solutions to the global energy issues.  

 

A broad array of issues and actions may contribute to the market diffusion of new products, for 

example a firm’s human resources, leadership, sales and marketing, timing of entry, industries’ 

entry barriers, competitors’ actions, customers’ behavior, product substitutes, public R&D 

subsidies, and finance.  However, in this study the examination is limited to studying the effects of 

collaboration between firms, the influences of technology choices such as product modularity, and 

alliances in joint market entries. Further, the roles of nations’ infrastructure, various support 

schemes and regulations in new product commercialization are studied. The geographical 
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perspective of the study is in Finland and Europe, although global trends are also taken into 

account.  The main research question is:  

 

What kinds of techno-economic prerequisites and business networks are required for the 

actors to be able to commercialize novel renewable energy solutions such as small-scale bio-

CHP and wind power technologies in global markets? 

 

In order to increase understanding on the commercialization phenomenon in the novel RE solution 

context, the following six sub-questions related to firms’ business networks, technology choices, 

joint market entries, and the roles of nations’ infrastructures and national energy support schemes 

are addressed: 

 

Q1: What kind of key players operate among bio-fuel heating plant manufacturers and 

suppliers in Finland, and how do they collaborate within their business networks? 

 

The first sub-question was formulated to enhance knowledge about what kinds of heating plant 

actors operate in Finland and what kinds of business network activities they have. The sample was 

composed of bio-fuel heating plant manufacturers and suppliers, as bio-CHP actors are scarce 

among small-scale plant players. 

 

Q2: How does product modularity affect Finnish bio-fuel heating plant manufacturers’ and 

suppliers’ financial performance and their business network activities? 

 

The second sub-question was formed in order to increase understanding about the influences of 

technology  choices,  such  as  product  modularity,  to  heating  plant  players’  competitiveness  and  

collaboration. 

 

Q3: What kind of key players operate in the offshore wind power business, and how can new 

entrants execute their market entry? 

 

This question enhances the understanding about the global wind power players, and potential ways 

how new entrants could execute their global market entries. 
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Q4: How to get wind and biomass electricity commercialized in the Nordic countries by 

2030? 

 

The fourth sub-question sheds some light on how RE could be commercialized, and what kinds of 

prerequisites, including a nation’s infrastructure, are the most essential issues in efficient market 

diffusion. 

 

Q5: How do energy subsidies and other support schemes influence the diffusion of wind 

power and distributed bio-CHP? 

 

The fifth sub-question brings into the arena the roles of various support schemes and regulations by 

which a nation can support the market diffusion and prosperity of industries.  

 

Q6: What are the linkages between firms’ technological and financial performance and 

national energy politics and their contribution to the market diffusion of wind power? 

 

The final question increases understanding about the impacts of a firm’s resources and capabilities 

and energy policies on RE diffusion. These sub-questions helped deepen the understanding of the 

commercialization of renewable energy, and get answers to the main research question. The results 

are discussed further in sections four and five.  

 

1.4 Outline of the study 
 
The thesis comprises two parts. The first part is an overview that includes background issues, 

research objectives, theoretical background, research design, results and conclusions. The second 

part consists of six separate publications that provide answers to the main research question from 

different perspectives. Figure 2 depicts the outline of the thesis. 

 

Part I of the thesis is composed of five sections. The first section is an introduction that includes the 

background and positioning of the study, the research objectives and the outline of the study. The 

second section describes the theoretical framework, and in section three the research design is 

presented. The fourth section contains a review and synthesis of the results, and in section five 



22 
 

conclusions and the contributions of the study are presented, and the limitations and further research 

suggestions are discussed. 

 

Part II consists of six publications. The first publication discusses the impacts of firms’ 

collaboration, the second one the influences of different technology choices to firm performance, 

and the third one partnership issues in market entries. The fourth publication discusses the effects of 

nations’ energy infrastructures to the commercialization of novel products, and the fifth publication 

the influences of government actions to commercialization.  The final publication increases the 

understanding of the influences of firm-related issues and energy policies on market diffusion. 

 

 
Figure 2: Outline of the study 

 

  

Part I: Overview, results Developing the key attributes that
and conclusions contribute to commercialization

Part II: The research publications

Publication 1: Firms' collaboration within their business The impacts of cooperation
networks in bioenergy technology: a case study on firms' operations

Publication 2: Product modularity influences on firm The influences of technology
performance: evidence from bioenergy technology on firms' performance

Publication 3: Collaborative entry into Partnership impacts in 
the offshore wind power market market penetration

Publication 4: Commercializing emerging The relevance of a nation's
renewable energy: a case study infrastructure

Publication 5: The role of energy support schemes  The influences of
in renewable energy market penetration a government's actions

Publication 6: Major factors contributing to  The impacts of technology vs. 
wind power diffusion energy policies in diffusion
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2. COMMERCIALIZATION OF NOVEL INNOVATIONS 
 

In  this  section,  the  inevitability  of  firms'  renewal  as  well  as  the  necessity  to  introduce  novel  

products and services in today’s dynamic business environment are discussed. Further, the general 

innovation process including the commercialization phase is opened up, and different attributes 

influencing  new  product  market  penetration  are  discussed.  The  issues  are  limited  to  firms’  

collaboration, modularity and strategic alliances, and the influences of nations’ infrastructure and 

support schemes. The linkages between the theories discussed in this chapter and the results of the 

thesis in publications 1-6 are presented in table 1. 

 
Table 1: Linkages between the discussed theories and publications 

 Collaboration 
and alliances 

Technology 
choices and 
modularity 

Energy 
infrastructure 
and politics 

Publication 1 

Firms’ collaboration within their business 

networks in bioenergy technology: A case study 

 
 

  

  

Publication 2 

Product modularity influences on firm 

performance: evidence from bioenergy technology  

  
 

  

 

Publication 3 

Collaborative entry into the offshore wind power 

market 

 
  

 
  

 

Publication 4 

Commercializing emerging renewable energy: A 

case study 

  
  

 
  

Publication 5 

The role of energy support schemes in renewable 

energy market penetration 

   
 

  

Publication 6 

Major factors contributing to wind power diffusion 
  

  
 

  

 

2.1 Technology cycles and the necessity to commercialize innovations 
 

Technologies tend to undergo repeated cycles, and comprehending the evolution of these cycles 

helps  firms  to  predict  the  time  of  radical  changes.  The  cycle  begins  with  an  era  of  fermentation,  
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technological discontinuity, when the majority of technological progress takes place. The 

technological discontinuity then generally leads to a single industry standard, a dominant design, 

which is then followed by a peak in sales and ceasing of innovation activity. Discontinuities never 

directly become dominant designs, and on the other hand, dominant designs are always behind the 

cutting edge of the industry technology. The new product undergoes incremental changes and 

architectural innovations during the dominant design period. Incremental innovations are followed 

by process innovations, while production methods and value chain activities are improved. The 

dominant  design  will  eventually  be  followed  by  a  new  technological  discontinuity  and  a  new  

dominant design cycle. (Anderson & Tushman 1990; Tushman 1997)  

 

The emergence of a dominant design is often the result of a combination of technological, 

economical and organizational factors, and thus it is not necessarily simply the most promising 

technological invention. However, when the dominant design becomes the industry standard, it 

opens  new  possibilities  to  accelerating  the  adoption  of  a  new  design  as  dominant,  for  example  

industry regulation and government intervention, strategic moves of firms, networking in the 

industry, and possession of collateral assets. (Suarez & Utterback 1995) 

 

In the rapidly evolving business environment it is crucial that firms innovate and invest into new 

product development (NPD) in order to keep or increase their market share and profitability. 

Generally, the life cycles of products are becoming increasingly shorter, and firms that neglect 

product innovation will soon register decline in their market share and profitability. However, 

studies show that new products that are less than five years old are increasingly taking a larger share 

of firms’ turnover, and contribute significantly to firms’ prosperity. (Trott 2008)  

 

In his seminal work, Cooper (1988) demonstrates the well-known stage-gate plan implementing the 

innovation process from idea generation to market launch successfully. The original plan includes 

seven stages: 

 Idea generation 

 Preliminary market and technology assessment 

 Concept generation (technology) and concept test (market) 

 Product development and marketing plan 

 Prototype testing in-house and with customers 

 Trial production and test market 
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 Full production and market launch (commercialization). 

A firm’s general and product strategies are pre-requisites and superimposed over the model. Parallel 

technical/production and market activities are emphasized in order to execute the plan successfully. 

One of the main ideas is that using the model, risks can be managed better, as each stage is 

progressively more expensive than the preceding step. An assessment is performed between the 

stages, and a decision is made whether to continue or cease the innovation process. Finally, the 

launch (commercialization) stage includes also post-launch evaluation and control to learn from the 

market entry. (Cooper 1988) 

 

A typical product life cycle consists of the innovation cycle time including the product development 

and commercialization phases, followed by the growth, maturity, and decline phases. The 

cumulative cash flow of the firm generated by the new product usually remains negative until it 

turns positive in the growth phase, provided that the product is commercially viable (Rafinejad 

2007). As a matter of fact, a firm will typically face the biggest single costs during the product life 

cycle in the commercialization stage.  It may have to build a new full-scale manufacturing plant, 

and there are also significant marketing costs already while performing national market entry. The 

costs, risks, but also opportunities will increase significantly while executing international market 

entries.  The  timing  of  commercialization  is  crucial:  whether  the  firm  decides  to  benefit  from  the  

first-mover advantage, or whether it executes the market entry parallel with or later than the 

competitors. Target-market prospects are important as well: what is the geographic coverage, to 

whom  the  firm  aims  to  sell  its  products,  and  how  (Kotler  &  Keller  2006).  The  adoption  of  

innovations also varies by product life-cycle time. Adopters can be categorized in five different 

groups in which the values and buying motives are different, and these characteristics should be 

taken into account in marketing and other operations of the firm (Rogers 2003). While considering 

an international market entry, a firm has to decide which markets to enter and how, and what are the 

marketing programs and marketing organization. A firm may basically choose from indirect or 

direct exports, licensing, joint ventures and direct foreign investment. The firm’s commitment, risk, 

and need for control, but also profit potential increases when it changes its strategy from indirect 

exports towards foreign investments (Kotler & Keller 2006). A high market and financial success 

rate of novel product commercialization can be ensured e.g. by 

 Superiority of the product in the eyes of customers 

 Good market knowledge –adequate customer and competitor analyses 

 Clear product benefits, positioning and target market definitions 
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 Adequate risk management including business, technological, and manufacturing 

perspectives 

 Cross-functional, multidisciplinary organization in the innovation process 

 Sufficient human, financial, and material resources in the innovation process 

 Top management support throughout the project from idea generation to commercialization 

(Tidd & Bessant 2009). 

 

2.2 Collaboration provides resources and competitiveness  
 

The resource-based view (RBV) of a firm suggests that a firm can have a short-term competitive 

advantage when it has an adequate bundle of intangible and tangible resources in its possession. 

Further, a firm’s strategy and resources determine its success rather than its products (e.g. 

Wernerfelt 1984; Barney 1991). However, a firm's resources tend to provide long-term sustainable 

competitive advantage only, and thus enable the firm to find optimal product-market activities, 

especially when they are valuable,  rare,  inimitable and non-substitutable,  i.e.  when they fulfill  the 

well-known VRIN-conditions (Wernerfelt 1984; Barney 1991; Barney & Hesterly 2006; Bowman 

& Ambrosini 2003; Johnson et al. 2006). Firms’ competences are based on various resources that 

can be regarded as the building blocks of enterprise capabilities and competencies. Core 

competences are a unique collection of competences that cross strategic business unit boundaries, 

are widespread in the firm, and are formed from the collective learning of the organization. Core 

competences provide access to a variety of potential markets, contribute significantly to customer 

satisfaction and the company’s end products, and are difficult for others to recognize and imitate. 

Core competences are also rare, and typically even diversified corporations have only a few 

fundamental core competences. A company’s long-term competitive advantage is derived from 

systematically built core competences and company strategies, and the competences are also 

strongly interrelated (Prahalad & Hamel 1990; Javidan 1998). It is vital for companies to integrate 

company strategies and core competences. As a conclusion, companies should efficiently integrate 

their overall business strategy, core competences and key technologies (Torkkeli & Tuominen 

2002).   

   

The radical geopolitical and economical changes during the past decades have meant that company- 

and industry boundaries have blurred and firms’ legal boundaries differ considerably from their 

strategic boundaries. In fact, firms can achieve new innovations, growth and competitive advantage 
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by cooperating with others in value networks (Parolini 1999; Möller et al. 2004; Lipasti 2007). 

Through collaboration and strategic alliances within the firm’s external value network, a firm can 

gain access to the required capabilities by linking its own resources to the partners’ complementary 

ones, and thus achieve a sustainable competitive advantage (Barney & Hesterly 2006; Johnson et al. 

2006; Chen & Chen 2003; Crain & Abraham 2008; Rikkiev et al. 2012).  Today, a firm’s supply 

chain extends both upstream and downstream in the value chain, integrating the firm’s suppliers, 

other manufacturers, service providers, and customers. The ultimate objective of the value chain is 

to achieve a sustainable competitive advantage for the firms within the network, and furthermore, 

market competition takes places between supply chains rather than between single firms (Xu 2011; 

Jayaram et al. 2011; Liu & Zhang 2011). In addition, a broad understanding exists about the 

significance of business networks for emerging firms and small and medium size enterprises 

(SMEs).  Business  networks  are  beneficial  particularly  for  SMEs,  as  they  are  thus  able  to  acquire  

efficiently the resources they lack, and focus on their own core competences (e.g. Hite & Hesterly 

2001; Fuller-Love & Thomas 2004; O’Regan & Kling 2011). 

 

2.3 Competitiveness through modularity 
 

Modularity can be defined under four key themes: product modularity, including product 

development modularity; production and process modularity; organizational and supply chain 

modularity; and modularity of services, including modularity of service product, service 

development, service production and process, and service organization and supply chain (Bask et al. 

2010). Modularization can also be divided into different levels, such as component level, module 

level, subsystem level, and system level modularization. Each level of modularization varies in 

regard to e.g. opportunities for modularization, product architecture, interface compatibility, 

component customization, value inputs, and supplier-buyer interdependence (Hsuan 1999). 

According to Sanchez and Collins (2001), for example product architecture becomes modular when 

the interfaces of functional components are specified to allow component variations, after which the 

interface specifications are standardized. Vekteris and Moksin (2010) continue that modular design 

enables adding new functions to modular units at different hierarchical system levels. Further, 

modularity can be categorized into six different types: component sharing, component swapping, 

cut-to-fit, mix, bus, and sectional modularity (Ulrich &Tung 1991; Duray et al. 2000).  
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Modularity has several advantages that have been widely discussed in the literature. Jacobs et al. 

(2007) and Worren et al. (2002) argue that the significance of product modularity as a prerequisite 

for ascertaining firms’ competitive advantage in today’s dynamic business environments is ever-

increasing. It has also been broadly acknowledged that the benefits of modularity include increased 

economies of scale, increased product variety, reduced time to market, cost savings in inventory, 

and shorter product life cycles (Jacobs et al. 2007; Jose & Tollenaere 2005; Gershenson et al. 2003; 

Kusiak 2002; Sanchez & Colins 2001). In addition, it is recognized that modular design decreases 

product complexity, enables mass customization, and accelerates product innovation costs 

efficiently (Jose & Tollenaere 2005; Lau et al. 2007; Baldwin & Clark 2000). According to 

Feitzinger and Lee (1997) and Kässi et al. (2008) modularity also facilitates postponing product 

differentiation and final delivery until the customer requirements are known. This, in turn, improves 

customer satisfaction, reduces inventory costs, and improves delivery times. Jacobs et al. (2007) 

and Kim and Chhajed (2000) argue that product modularity influences supplier relations and 

integration positively in a number of ways: firstly, modularity improves the reliability of delivery 

forecasts and thus mutual trust in supplier-customer relationships; secondly, it enhances supplier 

integration by reducing the communication barrier by creating a common language; thirdly, it helps 

buyers and suppliers to manage the risks of losing competitive advantage through inadvertent 

release of intellectual property rights (IPR); and finally, modularity has a positive influence on 

supplier integration, which in turn has a positive effect on the firms’ performance. 

 

Modularity has also confounding effects on a firm’s competitive advantage, however: turning to the 

modular approach may create e.g. unplanned and extensive fixed costs (Sako 2003) and increased 

variable product costs due to overdesign (Gershenson et al. 2003; Kusiak 2002). According to 

Robertson and Ulrich (1998), a modular design may also lead to similar products during product 

development process due to repetitively used common modules. In fact, product innovation is often 

introduced in a non-modular form, since design engineers have to understand the product 

architecture before modularization (Schilling 2003; Schilling 2000). To conclude, modular design 

tends to provide competitive advantage to firms exploiting modularity efficiently. However, the use 

of modularity may be more beneficial for firms whose products and services are more mature in the 

lifecycle, rather than for emerging products or services. 
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2.4 Strategic alliances in market entries 
 

Especially firms operating in emerging industries need an appropriate array of resources and 

competences, and furthermore, they need to collaborate with other players in order to develop the 

novel business environment. Today many firms share their resources and expertise to develop new 

products, achieve economies of scale, and gain access to new markets and technologies, because 

single firms often lack the necessary resources and competences. The do-it-alone strategy has 

changed into an alliance strategy during the past decades. Strategic alliances can be either intra-

industrial or inter-industrial, and may include licensing, supplier relations, joint ventures, 

collaboration, R&D consortia, industry clusters, and innovation networks (Trott 2008; Doz & 

Hamel 1998). 

 

A strategic alliance, such as a joint venture with a local firm may be an option even for corporate 

giants while entering new challenging markets. The corporate may lack financial, physical, or 

managerial resources for a successful market entry, or a foreign government may demand a joint 

venture with a local entity as a prerequisite for the market entry. (Kotler & Keller 2006) 

 

As discussed above, the significance of business networks for emerging firms and SMEs is widely 

recognized. Business networks and alliances are beneficial particularly for SMEs, as they are thus 

able to acquire efficiently the resources they lack, and focus on their own core competences (Hite & 

Hesterly 2001; Fuller-Love & Thomas 2004; O’Regan & Kling 2011). However, it is worth 

mentioning that alliances have also constraints: according to Kale and Singh (2009), even 30 to 70 

% of alliances neither meet the set overall goals nor deliver the operational or strategic purposes of 

their parent companies.  

 

Kesting et al. (2011) claim that SMEs benefit from network collaboration especially in the 

following ways:  by gaining access to new markets and technologies, by sharing liabilities, through 

exchange of knowledge and competences, and by protecting their IPRs. Rese and Baier (2011) 

complement that value chain cooperation offers a valuable opportunity, if not the only path, for 

SMEs to participate in commercially viable, but at the same time challenging and risky NPD. New 

developed products should not only meet the customer requirements and be competitive, but their 

time-to-market should be fast and timely (Povilions & Bargelis 2010), and appropriate partners can 

help  SMEs  with  these  challenges.  Emden  et  al.  (2006)  argue  that  successful  partner  selection  

requires technological, strategic and relational alignments. Technological alignment includes 
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appropriate technical ability and resources, as well as a complementary knowledge basis and market 

knowledge. Strategic alignment is composed of correspondence motivation and goals. Relational 

alignment calls for a long-term orientation, an ability to change, and a compatible culture. Kale and 

Singh (2009) confirm that positive partner characteristics include partner complementarity, 

commitment and compatibility.  

 

2.5 The roles of a nations’ energy infrastructure and politics 
 

2.5.1 Energy infrastructure 

 

In his seminal work “The Competitive Advantage of Nations” Porter (1990) presents the well-

known “diamond” that is the basis for the competitiveness of nations. Today the system includes 

seven different factors: 

 Firm strategy, structure, and rivalry 

 Demand conditions 

 Factor conditions 

 Related and supporting industries 

 The actions and policy of the government 

 The influence of coincidence 

 Foreign investments.  

The different components of the system are interactive, and the competitiveness is also highly 

influenced by the leadership of the firms in the entirety. The role and policy of the government is 

crucial. The government can influence the factor conditions e.g. by subsidies, legislation, and the 

education policy. The demand conditions can be influenced e.g. by product standards, and the 

government is in many countries actually a remarkable buyer in many fields of business (Porter 

1990, 2006). 

 

Efficient transmission and distribution of electricity will be crucial in the future, and the current 

electric power transmission and distribution systems need to be upgraded urgently in many 

countries. Smart grids offer the opportunity to improve the efficiency, reliability and flexibility of 

electrical systems. They are used to integrate e.g. intermittent RES and to reduce transmission and 

distribution losses. However, smart grids have significant R&D requirements, and environmental 
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and energy efficiency issues have resulted in many governments supporting smart grid investments 

in particular, in order to solve environmental and energy challenges. On the other hand, if smart 

grid development is neglected, huge investments will be needed to reinforce the aging electricity 

grid infrastructure in the future. Investments in the smart grid are especially important when 

increasing RE, such as wind or solar power in the energy generation portfolio, as these intermittent 

renewable energy resources are not fully predictable and have a tendency to fluctuate (Lassila et al. 

2011; Grimes et al. 2012; Byun et al. 2011; Paetz et al. 2012). 

 

In order to take full advantage of the characteristics of the smart grid, intelligent energy control 

systems have to be implemented. A smart grid utilizes information and communication technologies 

(ICT) in two-way communication between customers and power companies, in order to optimize 

energy distribution and consumption. Intelligent energy control systems, or smart meters, measure 

the power consumption, communicate with smart home appliances, and are capable of optimizing 

energy consumption and variable electricity tariffs. The EU, for example, has introduced directives 

binding the member states to implementing instruments and systems to measure energy 

consumption and efficiency (Byun et al. 2011; Paetz et al. 2012; Lai et al. 2012). 

 

The storage of electricity is another notable challenge when increasing intermittent energy in the 

portfolio. The energy efficiency of the electric grid can be improved and the load peaks during peak 

hours can be cut by utilizing energy storages, and e.g. electric vehicles (EVs) with smart vehicle-to-

grid (V2G) characteristics provide a qualified solution to meet this target in the future (Lassila et al. 

2012). Today water reservoirs are a practical solution for the electricity storage problem. Water is 

pumped by surplus electricity into the reservoirs, and electricity is then generated by hydro power 

during the shortage of electricity generating capacity.  

 

2.5.2 Energy policies 

 

The EU has defined a clear set of objectives to mitigate the climate change issues. The future 

energy  policy  of  the  EU  is  based  on  five  pillars:  increased  energy  efficiency,  saving  20  %  of  the  

energy consumed by 2020; increasing the use of renewable energy to 20 % by 2020; raising the 

share of clean hydrocarbons that are consumed e.g. through the capture and storage of carbon 

dioxide (CCS); extending the carbon market in the EU that today covers about half of the 

emissions; and finally, continuing to influence the mitigation of global warming internationally 
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(Carvalho 2012). It is worth mentioning that the production and consumption of RES in the EU has 

already increased significantly from 5.6 % of the gross final consumption in 2000 to 12.5 % in 2010 

(Eurostat 2013). 

 

There has long existed an array of energy support schemes and subsidies. Some of the support 

schemes implemented by different nations are more transparent than others, and in fact fossil fuels 

are also subsidized. In a global survey, fossil-fuel subsidies were identified in 37 countries, and 

40 % of those economies have already taken actions to abandon these subsidies. In case further 

actions are not taken, fossil-fuel subsidies are predicted to reach USD 660 billion by 2020. 

Renewable energy subsidies, on the other hand, were USD 66 billion in 2010 and are expected to 

reach USD 250 billion in 2035. (IEA 2011)  

 

Common mechanisms for RE subsidies include e.g. tariffs, premiums, quotas, tax reductions, and 

low-interest loans. The most common ones are feed-in tariffs (FIT) and premiums that grant 

producers a certain price for the electricity they feed into the grid. Some states have quota 

obligations that oblige consumers to buy a proportion of their electricity produced by RE. In some 

countries, tax reductions and low-interest loans are granted to producers that generate electricity 

into the grid from RES (IEA 2011; Ruska & Kiviluoma 2011). It has been widely discussed in the 

literature that energy subsidies, such as FITs, promote the diffusion of RE in different countries 

effectively, provided that they are well-planned and efficiently implemented (Trypolska 2012; 

Erturk 2012; Butler & Neuhoff 2008; Laird & Stefes 2009; Saidur et al. 2010). However, although 

renewable energy support schemes tend to encourage the diffusion of RE, subsidies may create 

contradictory impacts on the consumers, as in many cases the public support schemes are financed 

by increasing the final consumer prices (Moreno et al. 2012). Jefferson (2008) complies with this 

and adds that although a lot has been done to promote RE, fossil fuels still account for about 80 % 

of the world's energy mix. Jefferson criticizes the fact that the energy subsidies are often inefficient 

and directed to mature RES that should already manage without them. Instead, among other things, 

research, investments and subsidies should be directed to less mature RES in order to accelerate the 

transition to RE.   

 

In the EU, about ten thousand power plants and factories participate in the emission trading scheme 

(ETS)  that  aims  to  reduce  the  CO2 consumption by defining a price for emissions. The emission 

trading promotes the transition from fossil fuels to renewable ones, and increases the 

competitiveness of renewable energy. The intent is to expand the global reach of the mechanism by 
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trading the emission credits with industrialized countries using the Joint Implementation 

Mechanism with emission targets, and with developing countries through the non-binding Clean 

Development Mechanism (Sipilä et al. 2008). According to Van der Hoeven (2012), effective 

carbon pricing, i.e. sufficiently high carbon prices affect investment decisions, and flexible FITs 

will be key incentives to promote new RE technologies and energy efficiency issues. In today’s high 

economic uncertainty, the implementation of these instruments requires considerable political will 

from the governments, however. 

 

The European Commission (2012) has expressed its satisfaction to the fast deployment of 

renewable energy in Europe during the past years, driven by technology improvements, economies 

of scale, and the member states’ support schemes. However, there are several challenges in the 

energy policy of the EU that need to be addressed especially in the present economic circumstances, 

when investors are cautious to invest into capital-intensive energy markets, such as policy-

dependent RE. First, the future RE framework should be certain and predictable also beyond 2020. 

Second, the financial incentives should have long-term viability. Third, the market arrangements in 

the EU will have to be consistent. Fourth, the energy infrastructure i.e. the existing power grid has 

to be upgraded to be adequate to serve the increasing proportion of decentralized and intermittent 

power production. Fifth, diffusion of the emerging RE technologies has to be promoted. Finally, in 

spite of the generally widespread public acceptance of RE, potential barriers to future growth have 

to be dealt with, ensuring the acceptance and sustainability of RE.  

 

 

  



34 
 

3. RESEARCH DESIGN 
 
In this chapter, classification of different science philosophies and research methodologies is 

presented, and a more in-depth study of constructive research and case study research is conducted. 

Furthermore, the soft systems methodology (SSM) used in composing the synthesis and the 

construct of the thesis is described. Finally, the executed research process used in this study is 

presented. 

 

According to Olkkonen (1993), different objectives and traditions of various sciences and scientists 

have over time formed different science concepts. Positivism and hermeneutic science 

(phenomenology) can be regarded the most focal ones. Philosophical school realism can be seen 

behind positivism, and idealism behind hermeneutical science. Positivism is solely based on facts, 

whereas hermeneutic science accepts interpretations. Positivism can be regarded as the mainstream 

among sciences, and interpretative and critical phenomenology as one of the alternatives. Different 

sciences are obviously located differently in the continuum between positivism and hermeneutic 

science. Industrial management and economics, and business administration are located between the 

two science concepts. The research tradition of these sciences includes mixed method approaches, 

and thus there exist various scientific schools among scholars (Olkkonen 1993; Dubois and Araujo 

2007; Modell 2010). Figure 3 depicts the sciences in the continuum. 

 

 
Figure 3: Management research among research traditions, adapted from Olkkonen (1993) 

 

Positivist approaches Mixed method approaches Hermeneutic approaches

Deductive - Explanatory Inductive - Interpretive

Continuum of research traditions

physics biology psychology history esthetics
chemistry medicine sociology linguistics theology

technology economics legal science
industrial management
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3.1 Research methodologies 
There  are  various  possibilities  to  categorize  research  methodologies.  According  to  Kasanen  et  al.  

(1991), the discussion among business economists has been carried out within the following basic 

themes: 

 Quantitative  vs. qualitative research 

 Positivist vs. interpretive and critical research 

 Large vs. concise case data research 

 

The above division is based on the collision between positivism and its alternatives. Positivism is 

typically related to quantitative research, facts and large research data. Qualitative research typically 

collects data by interviews or observations, and the most significant problem from the point of view 

of positivism is testing methods that are often quite scarce. Interpretive research, on the other hand, 

accepts certain subjectivity as part of the study. Critical research is related to hermeneutical 

research, and different value settings are involved in this type of research. Concise data is typically 

related to case studies, and the challenge is generalizing the results. (Kasanen et al. 1991) 

 

In Finland, there were wide and lively discussions among scholars about different research 

strategies in business economics in the beginning of the 1980s. Neilimo and Näsi (1980) formed 

their typology for business economics research as follows: conceptual, decision-oriented, action-

oriented and nomothetical research strategies. According to Kasanen et al. (1991), constructive 

research is related to decision-oriented research, as theoretical analysis and deduction are essential 

in both strategies. However, innovativeness, a heuristic approach, and practical implications and 

functionality of the results play an important role in constructive research. Action-oriented research 

is also closely linked to constructive research. Both strategies are often based on case studies, and a 

practical empiric connection has an important role. Action research is clearly empirical research, 

whereas the construction itself is important in the constructive research strategy. Constructive 

research is located in the intersection of normative and empirical research strategies. The different 

types of research in relation to each other are presented in figure 4. 
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Figure 4: Constructive research in relation to other research strategies, adapted from Kasanen et al. (1991) 

 

The different research strategies have varying goals, backgrounds, scientific ideals, research 

processes, and results. The characteristics of the five different research strategies are summarized in 

table 2. 
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Table 2: The key characteristics of research strategies, adapted from Neilimo & Näsi (1980); Kasanen et al. (1991); 
Olkkonen (1993); Torkkeli (2002) 

Concept-analytical 
strategy 

Nomothetical 
strategy 

Decision- 
methodological 
strategy 

Action-analytical 
strategy 

Constructive 
strategy 

Goal: 
to construct new 
concept systems 
 
Background: 
earlier conceptual or 
empirical research 
 
 
Method thinking, 
new concepts by 
analysis and 
synthesis 
 
Proving mainly by 
argumentation 
 
 
Research subjects 
can be facts, values 
or norms 
 
Results can be both 
descriptions or 
recommendations 

Goal: 
to explain causal 
relations 
 
Background: 
positivism 
 
 
 
Scientific ideal: 
behavioral sciences 
used in a natural-
scientific way 
 
Empirical part plays 
an important role in 
the application 
 
Rich methodological 
rule system 
 
 
Results in the form 
of regularities or 
natural laws  

Goal: 
to design problem-
solving methods 
 
Background: 
micro, game and 
decision theories, and 
positivism 
 
Scientific ideal: 
logics and 
mathematics 
 
 
Empirical part 
usually an example 
 
 
Research process 
follows axiomatic 
principles loosely 
 
Results in the form 
of solutions for 
explicated problems 

Goal: 
to understand or 
change 
 
Background: 
teleological 
explanation 
 
 
Scientific ideal: 
Aristotelian action 
and human sciences 
 
 
Empirical proving 
usually by selected 
cases 
 
No established 
methodological rule 
system 
 
Results often 
different-level 
concept systems, 
“languages” 

Goal: 
to understand and 
solve a problem 
 
Background: 
teleological 
explanation, decision 
theory and positivism 
 
Scientific ideal: 
Aristotelian action 
science 
 
 
Empirical proving 
usually by selected 
cases 
 
No established 
methodological rule 
system 
 
Results in the form 
of practical solutions 
with theoretical 
novelty 

 

3.2 Constructive research 
 
According to Kasanen et al. (1991), constructive research can be defined as follows: 

 The deliverable of the research is an innovative and theoretically rigorous practical solution 
to a relevant problem 

 The solution can be expected to work in practice 
 The solution could possibly be demonstrated to work generally. 

 
Constructive research differs substantially from basic sciences that aim to increase our knowledge 
and understanding about the world, and technology that aims to develop skills and equipment. The 
research strategy differs also from the following solution-pursuing methods, which it aims to 
combine instead: 

 Analytic model construction, which is theoretically solid, but often lacks practical solutions 
 Scientific problem solving, which is theoretically solid, but cannot be generalized in practice  
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 Consulting, which may work in practice, but lacks a theoretical background (Kasanen et al. 
1991). 

 
Lukka (2000) claims that there exists a true need for constructive research among business 
management practitioners. First, constructive research brings the relevance to academic research 
that practical managers desire. Second, the research increases two-way communication and team-
work between academics and practitioners. Finally, the strategy increases the pragmatic truthfulness 
of academic study, while the construction is implemented in practice. 
 
On  one  hand,  it  is  essential  to  connect  constructive  research  and  the  solution  of  the  problem  to  
earlier knowledge and research. On the other hand, the novelty and functionality of the solution 
should be demonstrated. Further, the results, i.e. the construction, should be validated in a real life 
context, the marketplace. The components of constructive research are presented in figure 5. There 
are two challenging tests that the solution should pass: a weak market test and a strong market test:  

 The weak market test: has any responsible business leader been ready to utilize the 
construction in his/her own decision-making process? 

 The strong market test: have the financial results of business units improved after the 
implementation of the construction? Are the comparable financial results better in those 
firms that employ the construction?  

It is worth mentioning that even the weak market test is so challenging that only few constructions 
can pass  it. (Kasanen et al. 1991) 
 

 
Figure 5: Components of constructive research, adapted from Olkkonen (1993); Kasanen et al. (1991) 

 
Finally, constructive research can be composed of the following six phases: 

 Finding a relevant and interesting research problem 
 Obtaining preliminary understanding of the topic 
 Innovation phase; building the model 
 Validating the practical functionality of the construction 
 Showing the theory connection, and demonstrating the scientific novelty of the solution 
 Examining the scope of the construction (Kasanen & Lukka 1993; Kekäle 2001). 

 
This thesis applies the constructive research strategy, using multiple data sources from different 
case studies. 

Practical Practical

relevance Construction functioning

Theory Solution of problem Theoretical
connection contribution
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3.3 Case study research 
 

Yin (2009) defines case study as a research method that investigates a contemporary phenomenon 

within its real-world context. In general, the case study method can be recommended when “why” 

or “how” research questions are proposed, the investigator has little control over the events, and the 

focus is on contemporary events. On the other hand, Eisenhardt (1989) defines case study as a 

research strategy that concentrates on increasing the understanding of present dynamics within a 

single setting. Case studies also typically combine diverse data collection methods, such as 

interviews, questionnaires, observations and archives. Eisenhardt continues by saying that one of 

the strengths of case studies is the potential of building novel theories. The other strengths include 

the likelihood that the constructed theory is valid, and it is easily testable. The weaknesses include 

the possibilities that theories become overly complex due to intensive use of empirical evidence, or 

theory building from cases may result in narrow and peculiar theories. Creswell (2007) determines 

case study as an exploration of an exclusive system that can be defined in terms of time and place, 

and through detailed, in-depth data collection involving multiple and ample sources of information. 

 

Yin (2009)  argues that it is often essential to use multiple sources of evidence to converge the data 

in  a  triangular  fashion.  This  challenge  is  one  of  the  things  that  make  case  study  research  “hard”,  

although it has classically been regarded as a “soft” form of research. The most common sources of 

evidence include: interviews, documentation, archival records, direct or participant observation, and 

physical artifacts. Case studies may include qualitative or quantitative data or both. Although case 

study is a distinctive research method, some scholars are concerned about the possible lack of 

scientific rigor that is related to an investigator’s ability to execute solid case studies. Other 

limitations include the facts that case studies may provide too little basis for generalization, and 

may be laborious to execute. 

 

Positivism is still a dominant paradigm in many research areas, and qualitative research has quite 

often challenges to prove that the used method is sound. In order to answer research questions better 

and increase the reliability and validity of interpretive qualitative research, many scholars suggest 

the use of mixed methods. This approach combines both qualitative and quantitative data, which is 

beneficial for the research, producing a set of data that gives complementary strengths and 
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minimizes overlapping weaknesses of the research methods (Rudd and Johnson 2010; Decrop 1999; 

Modell 2010). 

 

In general, triangulation means using multiple sources of evidence, and in fact the opportunity of 

utilizing  several  sources  is  one  of  the  major  strengths  of  case  study.  Triangulation  can  be  divided  

into data triangulation, investigator triangulation, theory triangulation, and methodological 

triangulation. Data triangulation stands for the use of a variety of data sources, aiming at validating 

the same facts or phenomena. Investigator triangulation means that the data is collected and 

analyzed or the results cross-checked by other researcher(s). Theory triangulation uses more than 

one theoretical perspective to interpret the data.  Methodological triangulation involves combining 

several research methods in a single study (Yin 2009; Decrop 1999; Pätäri 2009). 

 

Yin (2009) describes case study research as both a linear and iterative process. The execution 

process of case study can be divided into planning, designing, preparation, data collection, evidence 

analyzing, and research reporting phases.  

 The planning phase includes the decision of using the case study strategy, understanding its 

strengths and limitations, and identification of research questions, which are often “why” or 

“how” questions.  

 The design phase is composed of the definition of the case to be studied, developing the 

theory, identifying the case study design, and defining the procedures ensuring the quality of 

the study. 

 Preparation is made up of the investigator’s training for the specific case, developing the 

case study protocol, ensuring ethical practices while dealing with persons involved in the 

research, and possibly conducting a pilot case. 

 Data collection includes complying with the research protocol, using multiple sources of 

evidence, creating a research database, and maintaining the chain of evidence in order to 

increase the reliability of the research. The chain of evidence means that in the research 

report, sufficient citations are made to the relevant database, the database reveals the actual 

evidence and e.g. the interview circumstances, the circumstances are consistent with the 

research protocol, and finally the protocol and research questions have an adequate link. 

 Analyzing the research evidence involves the use of theoretical propositions and the use of 

analytic techniques such as pattern matching, explanation building, time-series analysis, 

logic models or cross-case synthesis. Further, qualitative and/or quantitative data should be 
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considered, rival explanations explored, and the case data should be kept apart from 

interpretations. 

 When reporting the case study the following should be kept in mind: the audience should be 

defined, adequate evidence should be displayed for the readers to be able to draw their own 

conclusions, and the report itself should be composed rigorously. 

 

Finally, Yin (2009) describes the criteria for judging the quality of research designs. The four 

widely used and common tests to all social sciences include construct validity, internal validity, 

external validity, and reliability. 

 Construction validity: identifying the appropriate operational measures for the concepts that 

are studied. This test can be regarded as highly challenging in case study approaches. 

 Internal validity: establishing a causal relationship, whereby certain conditions are expected 

to lead to other conditions, discerned from incorrect relationships. This test is appropriate 

for explanatory and causal studies only, not for descriptive and exploratory ones. 

 External validity: defining the domain where the findings of the study can be generalized. 

 Reliability: demonstrating  that  the  operations  of  the  study  (e.g.  data  collection)  can  be  

repeated, leading to the same results. 

 

3.4 Soft systems methodology 
 

Soft systems methodology (SSM) was developed by researchers at the University of Lancaster, UK, 

in the late 1960s. SSM is a systemic approach that is utilized for analyzing and problem solving of 

complex  and  disordered  tasks  and  situations.  SSM  has  gradually  evolved  over  the  years,  and  

although it develops models, today it can be increasingly regarded as a learning and meaning 

development tool. While “hard” systems thinking can be seen appropriate for well-defined systems 

that can be engineered, “soft” systems thinking can be regarded as studying complex and confusing 

phenomena that can be organized as a learning system (Checkland & Scholes 1999; Checkland 

2000). 

 

The elementary SSM has seven different stages, where some stages have a real-world context, 

whereas some other parts are associated with the conceptual world (figure 6). Stages one and two 

explore the real world, and aim to build the richest possible picture of the often complex situation. 

In stage one the situation is defined and appropriate data is collected. In stage two the issue is 



42 
 

expressed, often in the form of a picture that may include e.g. structures, processes, climate, people, 

and conflicts. Stage three moves to systems thinking, aiming to understand and describe the nature 

of the fundamental perspectives that can be drawn from the rich picture. In stage three a root 

definition is constructed from the most essential perspectives using the mnemonic CATWOE. The 

mnemonic consists of the following: 

 Customers; those who benefit or suffer from the transformation 

 Actors, those who facilitate the transformation to customers 

 Transformation; the conversion from inputs to outputs 

 Weltanschauung; the worldview that makes the transformation meaningful in the context 

 Owners; those who could stop the process 

 Environment constraints; elements outside the system that are taken as given (Checkland & 

Scholes 1999; Warwick 2008). 

 

While constructing CATWOE, everything should flow from the transformation. Thus, the following 

order is recommended in the composition: transformation and weltanschauung, followed by 

customers, actors, owners, and the environment. (Checkland & Scholes 1999) 

 

 
Figure 6: The seven-stage model of SSM, adapted from Checkland & Scholes (1999) 
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A conceptual model is constructed in stage four. There exist various alternatives to execute the task, 

but according to Checkland & Scholes (1999), the following process can be recommended:  

 Indicate the necessary activities (7±2) to carry out the transformation 

 Select and group activities that are nondependent from other groups of activities 

 Mark the links between the dependences 

 Include the aspects of environment. 

Further, it is recommended not to spend too much time for the initial model building in stage four, 

but rather consider having iteration cycles in order to reinforce the model. Stages five to seven are 

back in the real-world issues. Step five compares the model and the real world e.g. by the following 

alternative ways:  

 Use of a matrix with structured questions 

 Unstructured discussions 

 Scenario or dynamic modeling 

 Modeling the real world with the structure of the conceptual model. 

Step six develops the desirable and feasible interventions, i.e. the process starts to swing between 

the stages in order to improve the output. The model may be run again by using different CATWOE 

and perspectives, or introducing parallel analyses such as System Dynamics, the Owner, Social and 

Political analyses.  In step seven, the process may be started again from the beginning in order to 

improve the results. (Checkland & Scholes 1999) 

 

This thesis takes advantage of SSM as a tool to understand the complex RE commercialization 

phenomenon better, and to compose the synthesis and construct of the thesis. This is discussed 

further in chapter 4.7, Summary of the results. 

 

3.5 Research process and data 
 
As e.g. Rudd and Johnson (2010) and Decrop (1999) have suggested, mixed research methods have 

been used in the case studies of the thesis in order to increase the reliability and validity of the 

research. The used methods and data in the publications are presented in table 3. The synthesis of 

the results and the conceptual model in the overview of the thesis have been formed by using the 

soft systems methodology in order to increase the understanding of complex RE commercialization. 



44 
 

After that, the construction of the thesis has been composed on the basis of learning from the SSM 

conceptual model. 
 

Table 3: Summary of the methods and data in the publications  

Publication Methods Data 
Publication 1 

Firms’ collaboration within their 

business networks in bioenergy 

technology: A case study 

Qualitative: semi-structured theme 
interviews 
 
Quantitative: financial analysis, 
literature review 

Interviews: 26 key energy  
informants 
 
Financial data from Fonecta, 
Profinder b2b: 19 firms 

Publication 2 

Product modularity influences on 

firm performance: evidence from 

bioenergy technology  

Qualitative: semi-structured theme 
interviews 
 
Quantitative: financial analysis, 
literature review 

Interviews: 26 key energy  
informants 
 
Financial data from Fonecta, 
Profinder b2b: 19 firms 

Publication 3 

Collaborative entry into the offshore 

wind power market 

Qualitative: Expert assessment 
executed in a group decision support 
systems (GDSS) laboratory by Group 
Systems software 
 
Quantitative: financial analysis, 
patent analysis, literature review 

Expert assessment: 7 key energy 
informants 
 
 
 
Financial data from Thomson One, 
Amadeus Bureau Van DIJK, and 
Fonecta Profinder b2b: 18 firms 
Patent data from EPO Worldwide 
Patent Statistical database: 18 firms 

Publication 4 

Commercializing emerging 

renewable energy: A case study 

Qualitative: Expert assessment 
executed in a GDSS laboratory by 
Group Systems software 
Lateral/parallel thinking ideation 
model, six thinking hats 

Expert assessment: 17 key energy 
informants 
 

Publication 5 

The role of energy support schemes 

in renewable energy market 

penetration 

Qualitative: semi-structured theme 
interviews 
 
Quantitative: literature review 
 

Interviews: 11 key energy informants 
 

Publication 6 

Major factors contributing to wind 

power diffusion 

Qualitative: semi-structured theme 
interviews 
 
Quantitative: literature review, 
financial analysis, patent analysis 
 

Interviews: 11 key energy informants 
 
 
Financial data from Thomson One, 
Patent data from EPO Worldwide 
Patent Statistical database: 6 firms 

 

3.5.1 Interviews 

 

A qualitative interview is one of the most commonly used data-gathering means in qualitative 

research. Although interviews are often regarded as a straightforward means, interviews contain 
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features and challenges that a researcher has to be aware of (Hirsjärvi & Hurme 2001; Myers & 

Newman 2007). Interviews can be divided e.g. into structured, unstructured or semi-structured, and 

group interviews. A structured interview follows a complete script that is prepared beforehand, 

whereas a semi-structured interview leaves some space for improvisation, although the preliminary 

questions have been prepared beforehand. A group interview can be either structured or 

unstructured, and two or more people are interviewed at the same time (Myers & Newman 2007).  

 

An interview is often selected as the data gathering method because of e.g. the following reasons: 

 In the research there is a desire to emphasize that a human being is a subject that has to 

express issues without restrictions 

 The subject is only little explored 

 The results are wanted to be generalized 

 It is known beforehand that the results will probably be complex 

 The researcher wants to clarity the results (answers) 

 The researcher wants to deepen the results 

 The researcher wants to study sensitive or difficult subjects (Hirsjärvi et al. 2004). 

 

Myers and Newman (2007) point out that interviews contain the following potential challenges and 

pitfalls: 

 Artificiality of the interview –the researcher and interviewee are typically strangers to each 

other 

 Lack of trust – the involved parties are usually strangers to each other 

 Lack of time – time constraints in the interviews 

 Level  of  entry  –  the  researcher  might  enter  the  organization  at  a  wrong  level,  and  further  

entries may be impossible 

 Elite bias – in case the researcher interviews only key informants, the wider context may 

remain hidden 

 Hawthorne effects – interviews are often intrusive and may change the interview situation 

 Constructing knowledge – the researcher may not realize that he may also construct 

knowledge actively 

 Ambiguity of language – the meaning of words is often ambiguous 

 Interviews can go wrong – the researcher may insult the interviewee 
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In this thesis, semi-structured theme interviews were conducted in conjunction with other research 

gathering means. For publications one and two, altogether 26 bio-fuel heating plant manufacturers 

and suppliers were interviewed. In publication three, a group interview with seven key energy 

experts was conducted utilizing a group decision support systems (GDSS) laboratory. The data for 

publication five was partly based on theme interviews of 11 energy experts. In publication six, part 

of the data was based on the interviews of the same group of 11 energy experts. 

 

3.5.2 Financial and patent data 

 

Thomson ONE (2013) from Thomson Reuters provides a worldwide database containing 

comprehensive financial and other business information especially of publicly listed companies. 

The information provider offers and combines diverse data, such as company fundamentals and 

market views, as well as different analysis tools. 

 

Amadeus (2013) is a database that contains financial and other comparable data of about 19 million 

public and private firms across Europe. In addition to company financials, the database includes e.g. 

detailed data on corporate structures and directors, images of reports and accounts for the listed 

firms, stock prices, market research, and business and firm-related news. The database can be used 

to search information about individual companies, or to search for companies using different 

criteria. 

 

Fonecta (2013) provides general, financial and company director -related data of more than 370 000 

Finnish firms. The database includes both publicly listed companies and privately owned SMEs. 

Information about individual firms can be searched from the sites, or firm- or researcher-specific 

criteria can be formed in data mining and using the information in firm marketing activities, for 

example.  

 

European patent office (EPO 2013) provides a worldwide patent statistical database (PATSTAT). 

The coverage of the database includes documents from more than 80 patent offices worldwide since 

the 1970s. PATSTAT was developed by the EPO in 2005 and first published in April 2006. The 

elements of the database are the title and abstract of the application, filing, priority, publication 

dates, applicants, citations, International Patent Classification (IPC) symbols, and more. Typical 
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events include request for examination, payment of renewable fees, lapse of a patent, change of 

ownership, withdrawal of an application and patents that have been opposed or revoked.  

 

The Fonecta database was used to gather financial information for publications one and two. The 

data was available for 19 Finnish firms. The Fonecta database was also used to augment the 

financial  data  received  from  Thomson  One  and  Amadeus  Bureau  Van  DIJK  in  publication  three.  

Altogether, the data from the three information providers was available for 18 firms. In publication 

six, financial data from Thomson One was analyzed for six firms.  

 

In this study, patenting data was used mainly to identify in which technology fields the actors have 

patented. Patent data from PATSTAT was available for the 18 firms in publication three. The patent 

data of six firms was also analyzed in publication six. 

 

3.5.3 Group decision support systems 

 

During the past decades, many definitions from different perspectives have been presented about 

GDSS or simply, decision support systems (DSS). According to Turban and Aronson (2001) the 

main characteristics and capabilities of a DSS include: 

 DSS supports mostly semi-structured circumstances 

 DSS supports managers at different company levels 

 DSS serves both groups and individuals 

 DSS provides support for interdependent and sequential decisions 

 The entire decision-making process is supported: intelligence, design, choice, and 

implementation 

 A variety of decision styles and processes are supported 

 The system is flexible and adaptive 

 The system is interactive and user-friendly 

 The aim of DSS is to increase the effectiveness of decision-making 

 Users have complete control over the entire process and machine 

 Users  are  able  to  modify  and  construct  smaller  and  simpler  supplementary  systems  by  

themselves 

 DSS typically uses models for analysing decision-making situations 

 DSS provides a variety of data access  
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 The system can be integrated with other applications, another DSS, and the Internet. 

 

The benefits of group work include the following: groups are better than individuals at 

understanding problems, catching errors and balancing risks. Group work may stimulate the 

participants, and a group is more knowledgeable than individuals. Computer-aided GDSS has been 

carried out since the middle of the 1980s, and typically a computerized decision support system 

such as Group Systems (2013) speeds up the process, increases productivity and provides technical 

and quality support. Collaborative computing technology enables a group to work either at the same 

time in the same or a different place, or at a different time in the same or different place, utilizing 

not only computers with sophisticated software, but also whiteboards, smart boards, E-mails, V-

mails, multimedia and video-, audio- and computer conferencing. The benefits of GDSS include the 

following: parallel and simultaneous work enables the participants to learn and discuss 

simultaneously, anonymous working hinders connecting the ideas, comments, and votes with 

persons, individuals cannot dominate the discussion, and the software memory records all 

information (Turban & Aronson 2001; Torkkeli 2002; Piippo et al. 1999). 

 

As mentioned above, a semi-structured group interview with computer-supported GDSS was 

conducted for publication three. Further, a GDSS session with 17 energy informants together with 

de Bono (2013) lateral and parallel thinking tools was executed for publication four. 

 

3.5.4 Lateral and parallel thinking methods 

 

Edward de Bono (2013) is regarded by many scholars as one of the leading authors on creative and 

conceptual thinking. The de Bono lateral and parallel thinking model is divided into two phases: (a) 

idea generation only and (b) selection, development, refinement and combination of ideas. The idea 

generation phase requires individual idea generation, whereas the latter parts, preliminary idea 

selection and idea development, refinement and combination, are executed in collaboration with all 

the participants. An idea is defined as a specific way of doing something that can be implemented in 

concrete. A concept above the idea, on the other hand, is a more general approach that cannot be 

implemented alone as such.  

 

The parallel team thinking framework consists of Six Thinking Hats (de Bono 2013) that are jointly 

performed within time limits set in advance, typically in the following order: 
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 White Hat – Information and data: facts and missing information about the subject 

 Yellow Hat – Why it may work: objective values and benefits 

 Black Hat – Why it may not work: objective dangers and problems 

 Green Hat – Creative thinking: possibilities and alternatives to reinforce yellow hat values 

and overcome black hat problems 

 Red Hat – Feelings and intuition: emotions without reasoning or justification 

 Blue Hat – Managing the thinking: the facilitator of the parallel team thinking session. 

The facilitator typically manages the sessions and discussions, concludes and also participates in the 

teamwork like the other participants. The lateral and parallel ideation model is presented in figure 7. 

 

 
Figure 7: Lateral and parallel thinking ideation model, adapted from de Bono (2013); Innova (2013) 

 

For publication four, the initial individual idea generation and the preliminary selection, 

development, and combination of the ideas were executed in group work using a concept fan and 

self-adhesive notes. Further refinement and assessment of the ideas and concepts was conducted 

utilizing GDSS software and de Bono’s Six Thinking Hats tools. 
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4. REVIEW OF THE PUBLICATIONS AND RESULTS 
 

The objectives, results and main contribution of the six research publications that compose the 

second part of the thesis are presented in this chapter. Each research paper answers to a specific 

research question in order to study the commercialization of RE from different perspectives, thus 

providing a comprehensive view of the phenomenon. The outcomes of each publication are 

discussed separately, and in the end of the chapter the linkages of the papers to the 

commercialization phenomenon are summarized and the construction of the study is demonstrated. 

 

4.1 Firms’ collaboration within their business networks in bio-energy technology: A 

case study 
 

Objective 

 

The main objective of the first publication was to enhance the understanding concerning the 

distributed heating plant manufacturers and suppliers in Finland that could also provide power 

generation in their product portfolio in the future. Further, the intent was to increase understanding 

of the business networks of these players. The paper contributes to the research by answering the 

sub-question: “What kind of key players operate among bio-fuel heating plant manufacturers and 

suppliers in Finland, and how do they collaborate within their business networks?” A semi-

structured interview of 26 firms’ top executives was carried out to investigate what kinds of overall 

capabilities and business network activities the firms possessed. The study was complemented by 

financial analysis of the firms. 

 

Results and main contribution 

 

The results showed that the firms could be categorized into three clusters: network leaders, turnkey 

suppliers, and distributors that had varying average firm capabilities and network activities. In 

general, collaboration was active, and the business networks turned out to be extensive, including 

e.g. customers, suppliers, other manufacturers, and even competitors. However, individual firms 

tend to operate in their business networks also according to their business strategies; some firms 

tend to exploit their network actively, outsourcing most parts of their offering and focusing on their 

firm-specific core competences, while others seem to do virtually everything in-house. 
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The main contribution of the first publication lies in supporting earlier literature suggesting that 

firms complement their resources, capabilities and competences by collaborating in their business 

networks, thus being able to develop and exploit their own firm-specific core competences. The 

study also increases general understanding on the heating plant players, their networks, and industry 

clusters, which can be valuable knowledge to practical managers. 

 

4.2 Product modularity influences on firm performance: evidence from bio-energy 

technology 
 

Objective 

 

The second publication is a continuum to the first one, studying the bio-energy heating plant players 

from different perspectives.  The aim of this publication was to find out how technology selection, 

such as product modularity contributes to firms’ economic results and collaboration in their 

business networks. The publication sought answers to the research question: “How does product 

modularity affect Finnish bio-fuel heating plant manufacturers’ and suppliers’ financial 

performance and their business network activities?” The study was based on the data acquired for 

the first publication. 

 

Results and main contribution 

 

In the more in-depth study, the firms could be categorized further into two more specific clusters: 

modularity users that exploit product modularity from average to full utilization, and customizers 

that usually serve their customers by customized product offering. The results of the study revealed 

that the financial performance of the modularity users was higher than that of the customizers, and 

the modularity users also collaborated more actively within their business networks than the 

customizers.  

 

The contribution of the research is providing evidence that a higher degree of product modularity 

exploitation usually leads to higher financial performance and network collaboration of a firm than 

low product modularization or pure customization. The results among the studied plant 

manufacturers and suppliers underpin the results widely discussed in previous research that firms 
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often benefit from product modularization financially, operationally and strategically. As a result of 

broader operational preconditions, high modularization rates provide options for enhanced 

collaboration and integration within firms’ business networks. 

 

4.3 Collaborative entry into the offshore wind power market 
 

Objective 

 

International market entries are challenging, especially for SMEs that often have limited know-how 

about the characteristics of target markets and scarce firm resources. Hence, one opportunity for 

SMEs is  to  form an  alliance  together  with  a  larger  market  player  and  make  a  joint  entry  into  the  

targeted markets. The objective of the third publication was to study how small-scale new entrants 

could execute novel product commercialization in international markets. The research question in 

this study was composed as follows: “What kind of key players operate in the offshore wind power 

business, and how can new entrants execute their market entry?” Financial and patent analyses 

were executed, and an expert group interview was conducted using GDSS software in order to find 

solutions for the objective. 

 

 Results and main contribution 

 

It has been broadly recognized that business networks are in particular beneficial for emerging firms 

and SMEs, as they are thus able to acquire efficiently the resources they lack. The right partner 

choice is one of the key issues for success, however. A successful strategic alignment is composed 

of e.g. shared strategic and technological goals and motivation. The results of the study comply with 

this, suggesting that a common collaboration strategy and business culture are the most important 

partner selection criteria, followed by strong intentions to enter the target markets, and strong 

financial position of  (at least) the leading partner and other appropriate resources, including market 

and technology knowhow.  

 

The study contributes to the academy and practice by showing the importance of the right partner 

selection leading to alliances, where the partners share common strategies, culture, communication, 

and technology roadmap. Furthermore, the combined and complementing resources of the partners 

should be adequate to execute the targeted mission successfully. In addition, the study reveals the 
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importance of an adequate patent portfolio in conjunction with successful partner selection and 

market entries. Finally, group decision support systems have been recognized to support the 

participants efficiently in finding viable solutions to complex problems. The findings of the GDSS 

sessions of the study supported similar findings in earlier research. 

 

4.4 Commercializing emerging renewable energy: A case study 
 

Objective 

 

A wide array of political, economical, social, technological, environmental, and legal (PESTEL) 

characteristics have to be well-balanced in the society, and the attributes should support the market 

entry of novel products and services in order to make new product diffusion flourish. The objective 

of publication four was to increase understanding about the various motives in the society, 

especially those related to the national infrastructure, which influence novel product 

commercialization. Many of the attributes are often such that single firms are unable to contribute to 

the development of these attributes. The research question of this study was: “How to get wind and 

biomass electricity commercialized in the Nordic countries by 2030?” An expert group interview 

using GDSS software and de Bono’s lateral and parallel thinking tools were executed in order to 

find answers to the research question. 

 

Results and main contribution 

 

The expert group interviews provided altogether 42 concepts, 15 sub-concepts and 161 original 

ideas on how to commercialize RE. Finally, four ideas turned out to be the most important ones, and 

worth of more in-depth analysis: modular mass products, grid investments, electricity storage 

systems, and energy control systems. The importance of technology selection, such as modularity to 

the financial and other performance of firms has been widely discussed earlier.  

 

The study contributes to the academy also in many other ways. Adequate and smart electricity grids 

that are capable to support intermittent RE such as wind power are essential to transmitting and 

distributing electricity without interruptions to consumers from where it is produced. Novel 

electricity storage systems enable maintaining the balance between production and consumption in 

the grid. Smart energy control systems address the same issue, and contribute also to energy saving 



54 
 

and  efficiency  issues.  Finally,  the  lateral  and  parallel  thinking  tools  together  with  GDSS  systems  

turned out to be effective and novel tools for group decisions.  

 

4.5 The role of energy support schemes in renewable energy market penetration 
 

Objective 

 

The objective of the fifth publication was to study how energy subsidies, other support schemes and 

legislation influence the diffusion of RE. The research question was: “How do energy subsidies and 

other support schemes influence the diffusion of wind power and distributed bio-CHP?” Expert 

interviews were conducted in order to find answers to the research question. 

 

Results and main contribution 

 

The results revealed that well-planned and efficiently implemented support schemes contribute to 

RE diffusion effectively. In addition, wind power and distributed bio-energy are already 

competitive without subsidies, provided that the site conditions are favorable. All in all, in 10-20 

years wind power and bio-energy will be competitive without subsidies everywhere. On the other 

hand, energy subsidies may create contradictory impacts to consumers, as in many cases the support 

schemes are financed by increased customer prices. 

 

The contribution of this publication is confirming that a predictable, long-term array of support 

instruments is necessary for the competitiveness of emerging technologies and ecosystems prior to 

their technological maturity and the effects of the scale of economies.  

 

4.6 Major factors contributing to wind power diffusion 
 

Objective 

 

The objective of the final publication was to analyze firms’ technological and financial 

interrelationships and the political environment in the wind power industry, and their contribution to 

wind power market diffusion. The research question was: “What are the linkages between firms’ 

technological and financial performance and national energy politics, and their contribution to the 
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market diffusion of wind power?” Literature reviews, patent and financial analyses, and expert 

interviews were executed in order to find answers to the research question.  

 

Results and main contribution 

 

The results revealed that adequate energy subsidies are crucial for the wind power market diffusion 

at present and in the near future. Furthermore, the results showed that there exists a moderate 

positive linkage between a firm’s significant technological resources and capabilities (e.g. strong 

patenting activity) and good financial performance. However, due to the to some extent limited 

patent and financial database, the generalization of this linkage should be interpreted with certain 

care.  

 

The main contribution of the study is providing strong evidence for the fact that adequate long-term 

national energy support schemes and legislation will be imminent for the market diffusion of RE 

during the next decades.  

 

4.7 Summary of the results 
 

When aggregating the results of the research, the soft systems methodology (SSM) introduced in 

chapter 3.4 was utilized to understand the linkages between the individual case studies better, and to 

comprehend the overall problematic RE commercialization phenomenon under study. As a result of 

the SSM learning and iteration process, the conceptual model of the thesis was formulated.  Finally, 

based on the conceptual model, the construct of the work was composed.  

 

The rich picture was constructed in accordance with stage two of SSM, and it depicts the key issues 

and the present understanding of the complex commercialization of RE presented in figure 8. First, 

there are political and public issues, such as government support schemes, and public acceptability. 

Second, there exist RE firms’ specific and the supporting industries’ challenges related especially to 

competitiveness and general industry immaturity. Third,  there  are  global  challenges  related  to  

climate chance, scarcity of primary energy sources on the horizon, and increasing demand of 

energy. Fourth,  giant  players  in  the  competing  energy  industries  use  their  competences  to  defend  

their market shares, and do lobbying to influence national and international energy policies and 

public opinions. 
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Figure 8: Rich picture of RE commercialization (SSM stage 2) 

 

New knowledge about RE commercialization was elicited when executing the next phases three and 

four of SSM; Root Definition, CATWOE, and Conceptual Model. The root definition was defined 

by using the perspectives as an outcome of the CATWOE. Composing the CATWOE began by 

defining first the transformation and weltanschauung (the worldview), followed by the definitions 

of customers, actors, owners, and environment of the phenomenon. Transformation can be defined 

when  RE  firms  utilize  and  develop  their  competences  in  order  to  commercialize  RE  widely,  and  

increase their market share in the world’s energy mix. Transformation becomes meaningful 
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(weltanschauung) as the global energy consumption increases, and the climate change mitigation 

has to be taken into consideration. This requires new energy sources, including exploitation of RES, 

improving energy efficiency, and decreasing fossil-fuel use. The end users of energy: individual 

people, firms, establishments, and communities can be regarded as customers. Energy firms, such as 

energy producers, distributors, equipment manufacturers, and various interest groups are actors of 

the transformation. Governments and RE firms can stop the transformation, and are hence the 

owners. Finally, the environment includes energy price competitiveness, energy security and self-

sufficiency issues, climate change mitigation, and public acceptance of RE. 

 

The  root  definition  of  the  system  can  be  composed  as  follows:  RE  firms  provide  their  customers  

price-competitive, secure, and high-quality energy by taking into consideration the climate change 

mitigation and scarcity of energy sources. The broad diffusion of RE will be secured by national 

and international support schemes and legislation until RE achieves competitiveness. 

 

The SSM procedure was strictly followed in the next phase while formulating the conceptual 

model. First, the necessary activities to carry out the transformation were defined. Second, the 

nondependent activities were grouped from other activities. Third, links between the activities were 

marked. Fourth, the environment issues were included. Finally, the model and the real world were 

compared, the model was reshaped, and the entire model building was repeated in order to improve 

the outcome. 

 

As a conclusion of the conceptual model, RE equipment suppliers have to take customer 

requirements, such as competitive price and good quality product issues into consideration. 

Similarly, all focal competitors in the energy industry have to be considered when RE firms define 

their strategies and develop their firm-specific resources, competences, and eventually core 

competences in order to ensure their competitiveness. Further, firms have to utilize their business 

networks, collaborate actively, and form strategic alliances in order to complement their own 

competences. 

 

Many clients are also willing to purchase energy that is produced in a sustainable and 

environmentally friendly manner, provided that the price-quality ratio is fair, and this positive 

phenomenon has to be used in firms’ marketing and lobbying. Further, novel technologies, such as 

wind power and bio-energy have potential to provide both local and national benefits. First, 

particularly decentralized bio-energy technology using e.g. woodchips as the major fuel provides 
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employment in fuel logistics. In general, distributed energy production employs people also locally 

in the construction phase of the plants, and in service and maintenance throughout the entire life-

cycle  of  the  plants. Second, national RE reduces dependency from foreign energy sources, and 

hence improves energy security and self-sufficiency. Third, novel RE technologies have potential, 

not just to employ people in energy equipment manufacturing and energy infrastructure, but to 

influence in building energy industry clusters, provided that the national players are active and 

capable, and the implemented industry policies are wise and supportive. These are strong arguments 

that can be used in endeavoring to influence the government to support RE. 

 

An adequate energy infrastructure including efficient electricity transmission and distribution 

networks, smart energy control systems, and novel energy storage systems supporting intermittent 

distributed energy production have to be built and upgraded nationally and internationally. Finally, 

as many RE technologies are still immature, they need various support schemes in order to be 

efficiently commercialized as part of the national and global energy mix. The industry players and 

interest groups have to work for the goal that predictable long-term support schemes are in place for 

future RE investments to be secured. RE technology matures in time, and along with the scale of 

economies and learning curve effects, for example, RE will become competitive. Support schemes 

should then cease, and the industry will be able to compete without subsidies. The third phase of the 

SSM: the root definition and the CATWOE, and the fourth phase: the conceptual model, are 

depicted in figure 9.     
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Figure 9: The root definition, the CATWOE, and the conceptual model of RE commercialization (SSM stages 3 and 4) 

ROOT DEFINITION - Customers: energy end users: people, firms, communities
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competitive, secure and high- know-how to commercialize RE, and increase its share in global 
quality energy. This is undertaken energy mix
by taking into consideration Weltanschauung: increasing energy use requires new energy
climate change mitigation sources exploitation, and climate change mitigation requires increased
and energy scarcity issues. use of non-fossil fuels and improved energy efficiency
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e.g. by different national and Environment: price competitiveness, energy security and self-
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Based on the learning and increased understanding during the implementation of the SSM process, 

the construction of the study could be formulated. Many attributes influence RE market diffusion, 

and the attributes can be grouped under energy policies, energy infrastructure, firm-specific issues, 

and market-related issues. Energy policies include market pull -related subsidies, such as FITs and 

energy premiums, ETSs, and investment subsidies. Subsidies to research and development represent 

market-push support schemes. Different taxes and legislation are also important energy policy tools 

of governments.  

 

Adequate energy infrastructure is essential in the growing energy markets, especially for the 

diffusion of intermittent RE, such as wind power and bio-energy technologies. The often aging 

transmission and distribution lines and systems have to be upgraded, and new stand-by electricity 

capacity has to be erected. Emerging electricity storage systems, smart grids and smart energy 

control systems can help in optimizing the consumption and production of energy. 

 

Firms compete in the market place by exploiting their own resources and competences. 

Competences have to be systematically developed in order to build firm-specific core competences 

and achieve sustainable competitive advantage. However, firms’ resources are often scarce and they 

have to be complemented by collaborating within the business networks of the firms, and by 

forming various alliances. Firms’ leadership, personnel, and business strategies also play a crucial 

role in their competitive advantage.  

 

Energy markets form the fourth attribute that influences RE commercialization. Market-related 

issues include the market size and growth factors, as well as the requirements and buying habits of 

different customer groups. Competing energy suppliers and their actions, including lobbying, play 

important roles in the market place. Potential market entry or exit barriers, particular market area -

specific characteristics and RE substitutes influence RE market diffusion. The energy efficiency 

strain slows down the rapid increase in energy consumption slightly. Environmental issues, such as 

the global climate change support the market penetration of RE.  

 

The different attributes are interrelated, and the relationships and the relative significance of the 

different attribute groups to market penetration can be expected to change during the life-cycle of 

RE technologies. The construction in figure 10 shows the attributes contributing to the 

commercialization of RE.  
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Figure 10: Construction depicting the attributes that influence RE commercialization 

 

This thesis has provided evidence that RE commercialization is at present and will still be policy-

driven in the near future. Without appropriate political support schemes, the emerging industry is 
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next decades, when the energy markets will most probably grow and the RE technologies mature 

and become more competitive. The role of energy support schemes will be diminished, and the 

importance of adequate energy infrastructures, firms’ own competitive advantages, and general 
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scenarios can be composed, and figure 11 illustrates one potential development path of the relative 

development of RE commercialization attributes. 

 

 
Figure 11: A potential development path of the relative weights of RE commercialization attributes 
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5. DISCUSSION AND CONCLUSIONS 
 

In this section, the results of the research in relation to the research questions are evaluated. The 

theoretical contribution and managerial implications of the study are discussed, followed by 

assessment of the reliability, validity and generalization of the results. Finally, limitations of the 

study and suggestions for further research are addressed. 

 

The main objective of this study was to enhance the understanding of how novel RE technologies 

could be efficiently commercialized in the international business environment. The main research 

question was: What kinds of techno-economic prerequisites and business networks are required for 

the actors to be able to commercialize novel renewable energy solutions such as small-scale bio-

CHP and wind power technologies in global markets? 

 

 In order to get evidence to the main research question from different perspectives, five sub-

questions were formulated, and publications one to five aimed to provide answers to the following 

research questions, respectively: 

 Research question 1: What kind of key players operate among bio-fuel heating plant 

manufacturers and suppliers in Finland, and how do they collaborate within their business 

networks? 

 Research question 2: How does product modularity affect Finnish bio-fuel heating plant 

manufacturers’ and suppliers’ financial performance and their business network activities? 

 Research question 3: What kind of key players operate in the offshore wind power business, 

and how can new entrants execute their market entry? 

 Research question 4: How to get wind and biomass electricity commercialized in the Nordic 

countries by 2030? 

 Research question 5: How do energy subsidies and other support schemes influence the 

diffusion of wind power and distributed bio-CHP? 

 Research question 6: What are the linkages between firms’ technological and financial 

performance and national energy politics, and their contribution to the market diffusion of 

wind power? 

 

The mainly qualitative case studies provided answers to the individual research questions, and the 

overall contribution of this thesis was formed by combining the results into a conceptual model 
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utilizing soft systems methodology, followed by the composition of the construction of the work. 

Publications one and two enhanced the understanding concerning the domestic bio-fuel heating 

plant players, and their competitive advantages within the industry.  Publication three shed light to 

market entries and strategic alliances in international wind power markets. Publication four 

discussed the importance of a nation’s energy infrastructure issues, and publication five about a 

government’s support schemes and regulations in RE commercialization. Publication six enhanced 

understanding about the linkages between technological and financial issues, and energy policies, 

and their contribution to RE market diffusion. The final construction of the research revealed a 

framework showing interrelated groups of attributes influencing RE commercialization, and 

evolving during the life cycle of the technologies. 

 

5.1 Theoretical contribution 
 

The contribution of the thesis is combining the technology choices, the resource-based view and 

business networks of firms, and bridging them to political support schemes and regulation. As 

Suarez and Utterback (1995) have concluded, the emergence of a new industry product standard is 

often a combination of e.g. technological and economical factors, and industry networks and 

government intervention can accelerate the market diffusion. 

 

The construction of the study groups the attributes influencing RE market diffusion into four 

interrelated groups: energy policies, energy infrastructure, firm-specific issues, and market-related 

issues. The industry is definitely policy-driven at the moment, but when the technologies mature 

and become more competitive, adequate energy infrastructure, as well as firm-specific and market-

related issues gain dominant roles in the market penetration. 

 

A firm’s resources are the building blocks of competitive advantage, provided that they are 

valuable, rare, inimitable and non-substitutable (Wernerfelt 1984; Barney 1991). However, today 

many firms lack the necessary resources, and they need to collaborate and form strategic alliances 

in order to develop and commercialize new products and maintain their competitiveness (Doz & 

Hamel 1998; Parolini 1999; Barney & Hesterly 2006). The present research provided evidence of 

diversified business networks that firms exploit in order to complement their lacking resources to 

gain sustainable competitive advantage.  
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According to previous research, product modularity provides several significant benefits to firms 

(e.g. Jacobs et al. 2007; Jose & Tollenaere; Worren et al. 2002; Baldwin & Clark 2000), although it 

contains also challenging issues (e.g. Gershenson et al. 2003; Robertson & Ulrich 1998). This thesis 

contributes to earlier literature by providing evidence that the technology choice, such as product 

modularity, has a positive influence on firms’ financial performance, general network activity and 

overall competitiveness.  

 

International market entries are often challenging, and thus especially SMEs benefit from business 

networks and alliances (Hite & Hesterly 2001; Fuller-Love & Thomas 2004). However, even 

diversified corporates may lack some particular resources, and joint ventures, for example, may be 

beneficial also for the giants in international operations (Kotler & Keller 2006).  As a matter of fact, 

an appropriate partner is one of the key issues in successful collaboration. Shared values, 

commitment,  strategic and technological compatibility,  and complementary assets are some of the 

success factors in alliances (Emden et al. 2006; Kale & Singh 2009). The study revealed decision 

criteria for partner selection in strategic alliances that confirmed the earlier findings in the literature.  

 

The role and policies of the government are essential in the competitive advantage of a nation, and 

the government influences include e.g. education policies, legislation, various support schemes, and 

public purchasing (Porter 1990). Further, several energy infrastructure issues, such as efficient 

transmission and distribution systems should support the diffusion of novel energy systems (e.g. 

Paetz et al. 2012; Byun et al. 2011). Well-planned and efficiently implemented subsidies, such as 

FITs promote novel energy commercialization efficiently (e.g.  Trypolska 2012; Butler & Neuhoff 

2008), and the diffusion can be further promoted by emission trading schemes that support the 

transition from fossil fuels towards renewable energy (Sipilä et al. 2008).  The results of the study 

confirmed the importance of adequate national and international energy infrastructures and national 

subsidies as fundamental enablers for RE diffusion.  

 

The thesis provides a Methodological Contribution in several ways. First, a conceptual framework 

was formulated using the SSM process, when combining a wide array of factors that contribute to 

RE market penetration. The SSM proved to be an efficient learning tool that considerably increased 

the understanding about the complex RE commercialization phenomenon when building a 

conceptual model. Second,  based  on  the  learning  from  the  SSM  process,  a  construction  of  the  

commercialization attributes was compiled. According to Kasanen et al. (1991), constructive 

research should produce a theoretically rigorous practical solution to the problem that can be 
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expected to work in practice and could possibly be generalized. The construction seems to support 

the earlier findings from the literature and industry. Third, the novel combination of lateral and 

parallel thinking methods with GDSS turned out to be efficient and practical tools in generating 

new ideas and concepts for the industry development. Finally, the case studies combining different 

research methods proved to be appropriate and rigorous choices while studying contemporary 

phenomena. 

 

5.2 Managerial implications 
 

The study provides several valuable implications for firms and practical managers in the industry. 

First,  the  study  revealed  the  key  players  among  the  bio-energy  heating  plant  firms,  and  provided  

insight into how the different technology choices influence firms’ financial performance and 

competitiveness. The research also showed the richness of the industry’s business networks. Firms 

may learn and utilize the best practices on how a firm’s resources and competences could be 

complemented by collaborating in many different ways within the business networks in order to 

gain competitive advantage and serve the customers in the best possible way.  

 

Second, the study showed the decision criteria for partner selection in strategic alliances that new 

entrants could form with incumbents in order to commercialize novel products in the international 

wind power markets. Further, the strategic approach, and the financial and technological 

performance of the potential partners among the key wind power industry players were evaluated. 

 

Third, the results demonstrated the necessity of adequate national and international energy 

infrastructures as vital enablers for the market diffusion of novel products. In particular, the study 

illustrated the crucial role of energy support schemes in the commercialization of emerging 

products and systems that still lack competitiveness.  All in all, firms may take advantage of the 

construction of the thesis, while evaluating their product commercialization performance within the 

changing business environment. 

 

5.3 Reliability, validity and generalization of results 
 

Adequate reliability of a conducted research allows professional researchers to repeat the study 

afterwards and receive similar, if not exactly the same results.  The executed studies followed 
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strictly the general principles of case studies suggested by Yin (2009) and Eisenhart (1989). Both 

qualitative and quantitative data was used in the case studies. In addition to data triangulation, the 

questionnaires and results were cross-checked by other researcher(s), thus utilizing researcher 

triangulation. In publication four, methodological triangulation was used by combining GDSS and 

lateral and parallel thinking methods (Yin 2009; Decrop 1999). The synthesis of the thesis was 

composed following the principles of soft systems methodology (Checkland and Scholes 1999), and 

finally the construction (Kasanen et al. 1991) of the thesis was formulated on the basis of the 

deliverables from the SSM process.  

 

The validity of the thesis was confirmed and increased by using mixed research methods, as well as 

researcher and methodology triangulation. Finally, according to Yin (2009) and Kasanen et al. 

(1991), the validity of the final construction should be tested by the challenging weak or strong 

market tests. The validation of the construction will be further determined by the research 

community and industry managers in the form of market tests. However, the construction seems not 

to be in contradiction with the earlier findings in the literature and industry. 

 

According to Yin (2009), the external validity of a case study can be verified by defining the 

domain where the results can be generalized. A certain caution should be kept in mind while 

generalizing the results of the thesis. However, the results of the cases seem to support the findings 

of previous literature well.  

 

5.4 Limitations 
 

The limitations of this thesis are widely related to the general limitations typical to qualitative case 

studies and constructive research. The studies of this thesis were mostly qualitative case studies, 

where semi-structured theme interviews and expert assessments were used as the main methods. 

The panelists were carefully chosen experts in the research field. However, there always exists a 

possibility of bias in the selection and contribution of the respondents. The number of interviewees 

in the different case studies can be regarded adequate for the purposes of qualitative studies. 

However, the number of respondents could possibly have been more extensive and international.  

 

Various types of data were used in the cases in a triangular fashion, and the results were cross-

checked by other researchers. The financial and patent data used in the study were after all limited 
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to some extent, and that may have ended as slightly inaccurate results. For example, the financial 

data for some diversified firms were available only on corporate or industry level, and actual figures 

of the studied businesses were unavailable. All in all, quantitative data could have been augmented 

in a larger scale in order to complement the qualitative case studies better. 

 

This research, concerning renewable energy market penetration, was limited to studying the 

commercialization of wind power and small-scale bio-fueled CHP products only. Also, as 

mentioned above, many potential attributes that may contribute to the market diffusion of new 

products were deliberately not taken into account.  The exploration was limited to studying the 

effects of firms’ collaboration, the influences of technology choices, alliances in joint market 

entries, the roles of nations’ infrastructure, and various support schemes in new product 

commercialization.  

 

5.5 Suggestions for further research 
 

Potential further research derives largely from the limitations of the study. First, more in-depth 

exploration could be executed in wind power and bio-CHP by studying the influences of the most 

focal, now unexplored attributes that have potential to contribute to novel product market diffusion. 

Second, in order to increase the rigor of the research and improve the potential to generalize the 

results, a larger international sample of international interviewees and firms should be considered. 

Third, other emerging RE technologies such as solar power, geothermal energy, wave and tidal 

power, and small hydro power could be included in the research platform. Finally, in  order  to  

increase the reliability, validity, and generalization of the results, quantitative research methods 

such as international surveys could be implemented. 
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Abstract 
Global warming is becoming a serious environmental concern, and current primary energy sources 
are also getting exhausted. Decentralized combined heat and power production using biofuels such 
as forest biomass could offer a qualified sustainable solution for many regions. The objective of this 
paper is to analyze what kind of heating plant manufacturers exist in the bioenergy field in Finland 
that also have future potential for supplying power generation units, and how they collaborate within 
their business networks. The primary sources of information for the industry evaluation were an 
analysis of major industry players based on financial and non-financial data and key expert 
interviews. The results reveal that the plant suppliers can be divided into three different clusters: 
network leaders, turnkey suppliers and distributors; and that they collaborate extensively within their 
business networks. The plant suppliers complement their own capabilities and competences by 
efficient networking that prepares the way for complete plant deliveries instead of component and 
parts supply only. 

Key words: Bioenergy technology; business networks; capabilities; combined heat and power     
                    productio

1. INTRODUCTION 

The increased amount of greenhouse gases in the 
atmosphere has raised the Earth temperature, and 
Global warming is threatening to escalate to a serious 
environmental challenge. Increased use of renewable 
primary energy sources and improved overall energy 
efficiency play an important role in the future energy 
production and consumption. [1] Decentralized 
(distributed) small scale combined heat and power 
production (CHP) using biomasses, such as woodchips 
from logging residue, is also emerging as the 
technologies become more advanced and 
commercialized. At present, technologies for 
commercial heat and power production using various 

biomasses are mainly based on combustion 
technologies. [2] In particular, it is suitable for 
introducing novel production technologies utilizing forest 
biomasses in regions that have adequate natural 
resources enabling their sustainable exploitation. 
According to [3] biomass is a particularly lucrative 
primary energy source in countries where natural 
resources are abundant and conventional energy is 
expensive.  
Firms operating in emerging industries, such as 
distributed bio-CHP generation, need various resources 
and competences, and they also need to collaborate 
with other players in order to develop the novel 
business environment. Firm resources, especially when 
they are valuable, rare, inimitable and non-



88  Lehtovaara et al. 

IJIEM 

substitutable, could provide sustainable competitive 
advantage, and thus enable the firm to find optimal 
product-market activities e.g. [4; 5; 6].  However, many 
firms, including competitors, are sharing their resources 
and expertise to develop new products, achieve 
economies of scale, and gain access to new markets 
and technologies, because single firms often lack 
necessary resources. The go-it-alone strategy has 
changed into an alliance one. Strategic alliances can be 
either intra-industrial orinter-industrial and may include 
licensing, supplier relations, joint ventures, 
collaboration, R&D consortia, industry clusters, and 
innovation networks. [7; 8]  
In spite of their growing importance, the Finnish 
manufacturers supplying distributed biofuel heating 
plants are still relatively unexplored. In order to fill this 
research gap, this paper strives to explore what kind of 
players and business networks operate within the group 
of plant manufacturers and suppliers that have future 
potential for also supplying power generation units. 
Thereby, the research question is: ‘What kind of key 
players operate among biofuel heating plant 
manufacturers and suppliers in Finland, and how do 
they collaborate within their business networks?’ Using 
financial data from national information provider’s data 
sources and company literature from the firms’ Internet 
home pages the paper analyses the key players within 
the business. The analysis is complemented by 
interviews of key industry informants in order to 
increase the understanding of the key players and their 
business networks. Finally, network analyses are 
conducted as a synthesis from the financial and non-
financial data and the interviews. 
The results reveal that the key players are small and 
medium size enterprises that deliver complete heating 
plants to end customers on turnkey basis including life 
cycle services, as well as parts and components of their 
own manufacture either to end customers or other 
manufacturers. The firms complement their own 
capabilities and competences by maintaining and 
developing diversified business networks that include 
suppliers, other manufacturers, competitors, 
universities, service providers and end customers. The 
firms can be divided into network leaders, turnkey 
suppliers and distributors. This paper contributes to 
providing evidence on firms complementing their 
competences by collaboration within their business 
networks. Knowledge about the key players, versatile 
network structures, and clusters in the industry have 
practical implications for the managers in the industry. 
 
2. DISTRIBUTED BIO-CHP TECHNOLOGY 
 
The principle of combined heat and power production 
(CHP), or cogeneration, has been known for quite a 
long time. Already in the beginning of the 20th century 
there were a number of units in operation. [9] According 
to [10] CHP is: ‘The process of producing both 
electricity and usable thermal energy (heat and/or 
cooling) at high efficiency and near the point of use’. 
CHP thereby contains three focal elements: 

simultaneous heat and electricity production, high 
efficiency performance, and the proximity of energy 
production unit to customers. Today, several 
technologies capable of providing combined heat and 
power exist, especially in small scale, for example, 
reciprocating engines, gas turbines, Stirling engines, 
fuel cells, and thermophotovoltaics. Reciprocating 
engines already represent mature technology, whereas 
Stirling engines are just approaching commercialisation 
although the technological roots go back to the 19th 
century. The other technologies still have a few years 
until market introduction. [9] Further, [11] adds that 
various technologies using different primary fuels are 
adequate for CHP production. Many technologies, 
however, still require significant R&D investments 
before they are feasible for viable commercialization. 
At the moment, it is hard to predict which of the 
technologies will eventually attain new dominant design 
lock-in. According to [12] and [13] technologies seem to 
undergo repeated cycles, and understanding the 
evolution of these cycles helps companies to predict the 
time of radical changes. Technological discontinuity 
generally leads to a single industry standard, a 
dominant design, which is then followed by a peak in 
sales and cease in innovation activity. [12; 13] The 
emergence of a dominant design is often the result of a 
combination of technological, economical and 
organizational factors, and thus it is not necessarily 
simply the most promising technological invention. 
However, when dominant design becomes the industry 
standard, it opens new possibilities to accelerate the 
adoption of a new design as dominant, for example: 
industry regulation and government intervention, 
strategic moves of firms, networking in the industry and 
possession of collateral assets. [14]  
Potential customers for small-scale bio-CHP technology 
using forest biomasses include farms, greenhouses, 
small and medium size enterprises (SME), real estate 
outside urban areas, and district heating plants. These 
actors may operate rather independently or cooperate 
actively e.g. in joint forest biomass harvesting, 
transportation and refining to wood chips. Further, they 
may also collaborate with various service provides such 
as maintenance firms, and plant and component 
manufacturers. [15] 
Compared to separate heat and power generation, 
decentralized CHP production provides several 
benefits, such as cost savings and lower emissions due 
to outstanding efficiency, as well as increased security, 
power quality and grid reinforcement due to on-site 
location. For example, fuel consumption could be about 
one third lower than in separate heat and power 
generation. [16; 17] Small scale combined heat and 
power production could form a supplementary building 
block for a more sustainable future energy system in 
many countries. The economical and ecological 
performance of small scale CHP varies by technology 
and strongly depends on the implementation context. 
All in all, regulations and institutional frameworks play a 
crucial role in the development and diffusion of small 
scale bio CHP technologies. [9]  
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3. THEORETICAL CONTEXT 
 
Firm resources, especially when they are valuable, rare, 
inimitable and non-substitutable, i.e. when they fulfill the 
VRIN-conditions, tend to provide sustainable 
competitive advantage, and thus enable a firm to find 
optimal product-market activities [4; 5; 6; 18; 19]. Firms’ 
competences are based on various resources that can 
be regarded as building blocks of enterprise capabilities 
and competencies. Core competences are a unique 
collection of competences that cross strategic business 
unit boundaries, are widespread in the firm, and are 
formed from the collective learning of the organization. 
Core competences provide access to a variety of 
potential markets, they contribute significantly to 
customer satisfaction and the company’s end products, 
and they are difficult for others to recognize and imitate. 
Core competences are also rare, and typically even 
diversified corporations have only a few fundamental 
core competences. A company’s long term 
competitiveness derives from systematically built core 
competences and company strategies and 
competences are also strongly interrelated. [20; 21] It is 
vital for companies to integrate both company strategies 
and core competences. As a conclusion, companies 
should efficiently integrate their overall business 
strategy, core competences and key technologies. [22]   
The radical geopolitical and economical changes during 
the past decades have meant that company and 
industry boundaries have blurred and firms’ legal 
boundaries differ considerably from their strategic 
boundaries. As a matter of fact, firms can achieve new 
innovations, growth and competitive advantage by 
cooperating with others in value networks. [23; 24; 25] 
Through collaboration and strategic alliances within a 
firm’s external value network a firm can gain access to 
required capabilities by linking its own resources to 
partners’ complementary ones, and thus achieve a 
sustainable competitive advantage [6; 19; 26; 27].  
Today, a firm’s supply chain (network) extends both 
upstream and downstream of the value chain 
integrating firm’s suppliers, other manufacturers, 
service providers and customers. The ultimate objective 
of the value chain is to achieve a sustainable 
competitive advantage for the firms within the network, 
and furthermore, market competition takes places 
between supply chains rather than between single 
firms. [28; 29; 30] In addition, a broad understanding 
exists about the significance of business networks for 
emerging firms and SMEs. Business networks are 
beneficial particularly for SMEs, since they are thus 
able to efficiently acquire resources they lack, and focus 
on their own core competences. e.g. [31; 32; 33] 
The studied group of heating plant suppliers 
demonstrates well firms in an emerging business field 
with new opportunities for value creation e.g. via 
technological development. As these firms are still 
searching the ways to operate in this novel business 
environment, they are expected to achieve many 
advantages by sharing and combining resources with 
their partners. That creates better opportunities for firms 
to concentrate on building their strategic intentions on 

their core competences [22]. The empirical part of the 
study examines the above-mentioned aspects firstly by 
focusing on different building blocks of firms’ 
capabilities – their human and physical resources, 
financial performance, export activities, as well as their 
accumulated experience and know-how, and secondly 
by defining the firms’ network activities. By these 
assessments, the study profoundly looks at the 
correlations between actors’ resource-palettes and their 
network-forming logics.  
 
4. RESEARCH DESIGN AND DATA 
 
The empirical study was executed as a case study. As 
a matter of fact, according to [34] a case study is not a 
methodology, but rather a research strategy that 
concentrates on increasing the understanding of 
present dynamics within a single setting. Case studies 
also typically combine diverse data collection methods, 
such as interviews, questionnaires, observations and 
archives. [35] agrees with this and defines a case study 
a research strategy that investigates a contemporary 
phenomenon within its real world context. [36] 
determines a case study as an exploration of a 
bounded system that can be defined in terms of time 
and place, and through detailed, in-depth data 
collection, involving multiple rich sources of information.  
The network analyses of the firms were based on 
financial data, literature review and interviews which 
were conducted in order to answer the research 
question: ‘What kind of key players operate among the 
biofuel heating plant manufacturers and suppliers in 
Finland, and how do they collaborate within their 
business networks?’ 
The primary source for acquiring the list of companies 
was a trade magazine [37], and the list was further 
augmented by experts’ knowledge. There are, for the 
moment, fewer than 40 key players in the field in 
Finland, and 26 of them agreed to participate in the 
interview. These 26 firms were also included in the 
financial analysis. The firms' financial data was 
collected from a national information provider [38] 
whose data base includes financial data of 
approximately 100 000 national companies including 
publicly listed companies as well as privately owned 
SMEs. The financial data based on the financial 
statements of the firms included their revenue, net 
income, return on invested capital (ROIC), equity and 
quick ratio for the years 2005-2009. Based on [39] while 
evaluating the firms’ financial performance ROIC was 
regarded good if it was over 15 % and satisfactory if it 
was below 15 %. Negative ROIC was evaluated weak.  
Accordingly, over 40 % equity ratio was regarded good, 
20 to 40 % satisfactory and below 20 % weak. Quick 
ratio over 1 was rated good, 0.5 to 1 satisfactory and 
below 0.5 weak. 
The quantitative analysis was complemented with a 
literature review of the firms based on their Internet 
home pages, and with interviews with 26 key 
informants. The interview sessions were conducted in 
May and June 2010 by two researchers, the interviews 
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were audio recorded and results were crosschecked by 
two other researchers. The interviewees were 
composed of top management and company experts 
including 15 CEOs and three other top executives. The 
key informants were interviewed using a semi-
structured theme questionnaire concentrating on two 
main issue areas: (1) Firm related issues: background 
information such as market review, offered products 
and services, key technologies, CHP potential, human 
resources, competences, product modularity, exports; 
and (2) Network related issues: general network 
structure, network participants, network performance, 
customer orientation, network benefits to R&D. The 
network analyses are a synthesis from the firms’ 
financial analysis, the literature review, and the 
interviews. 

5. EMPIRICAL ANALYSES 
 
The firms could be categorized into three clusters: (1) 
network leaders, (2) turnkey suppliers, and (3) 
distributors. Network leaders are larger firms in terms of 
revenue, balance sheet and number of personnel and 
thus their resources were estimated more significant 
than those of other firms. The majority of the netwoek 
leaders also manufacture their core products in-house 
or own product-rights. Similary, turnkey suppliers 
produce a part of their products in their facilities or own 
the product-rights but their capabilities are lesser than 
those of the network leaders. Distributors mostly import 
their product range. 
 
 
 

5.1 Financial analyses of the firms 
The analysis included altogether 26 firms, for 19 of 
which financial data from the national data bank [38] 
was available. Financial statements of the firms were 
analysed from the years 2005-2009, and the firms that 
had financial data available for less than three years 
were ignored in the analysis. The results reveal that the 
average revenue of all the firms was 6.263 M€, the 
average revenue of the network leaders was 13.356 
M€, the turnkey suppliers’ 2.702 M€, and the 
distributors’ 0.395 M€. The network leaders had the 
largest net income of 0.577 M€, (4.3 % of revenue), and 
the turnkey suppliers’ net income of 0.173 M€ (6.4 %) 
was comparatively the best one. The distributors had a 
slightly negative net income. The return on invested 
capital (ROIC) was on good level in all the groups. The 
average equity ratio was on satisfactory level for all the 
company categories, whereas the average quick ratio 
was on good level. Generally, standard deviation 
(STDEV) in most of the studied factors and company 
groups was rather high revealing that the firms within 
the groups were relatively heterogeneous. All in all, the 
network leaders were medium size companies, the 
turnkey suppliers were small, and the distributors were 
micro companies. The good ROIC within all the groups 
could be a consequence of relatively good financial 
results and modest capital investments. The equity 
ratios of the firms give support to the modest capital 
investments. The good quick ratios of the firms reveal a 
generally healthy liquidity of the firms. Table 1 
summarizes the comparisons of financial performance 
between the firms. The solid line ovals in the table 
indicate the largest and the best comparable values of 
the groups. 

      Table 1 : Financial comparison between clusters 

 All Firms (1) Network Leaders (2) Turnkey Suppliers (3) Distributors 
Revenue average, t€ 
(STDEV) 

6263 
(9366) 

13356 
(12549) 

2702 
(2827) 

395 
(390) 

Net Income average, t€ 
(%) (STDEV) 

289 (4.6 %) 
(562) 

577 (4.3 %) 
(840) 

173 (6.4 %) 
(227) 

-38 (neg.) 
(115) 

ROIC 
average, %(STDEV) 

30.5 
(28.4) 

23.9 
(23.5) 

37.2 
(30.2) 

26 
(39.7) 

Equity 
average, % (STDEV) 

31.6 
(22) 

22.9 
(13.9) 

39.8 
(27.4) 

27.3 
(14.2) 

Quick Ratio average 
(STDEV) 

1.52 
(1.16) 

1.06 
(0.31) 

1.70 
(1.57) 

2.06 
(0.75) 

5.2 Interviews 

The main portion of the heating suppliers’ turnover 
consisted of domestic sales. The interviewed experts 
shared the view that increase in export activity is in 
reality the only possibility to increase company business 
in a sustainable fashion. The Scandinavian countries, 
Russia, the Baltic countries and Eastern Europe were 
regarded as the most promising export countries in the 
short term. Generally, the interviewees did not consider 
foreign competitors as a serious threat at the moment, 
since they estimated their own firm’s competences 
higher than those of foreign competitors. The experts 
also estimated that customers would value e.g. 
warranties given by domestic firms and local  

 

maintenance services higher than those provided by 
foreign companies. The product assortment of the 
heating plant suppliers was very extensive; the plant 
capacity scale varied from 20 kW to 100 MW, although 
the typical nominal capacity of the plants was between 
one and two MW. Woodchips was the most common 
biofuel for all plants, and nine interviewees mentioned 
that their plant could use peat in addition to woodchips, 
and six plants were also able to use oil. Some plants 
could also use reed canary grass or grain as their 
complementary biofuel.  
The interviewees evaluated their firm’s competences / 
(core competences) quite differently; some mentioned 
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just a single technology, while others specified a 
broader context as their competence. Ten firms named 
combustion technology as their competence, three 
named boiler technology, and three modularity related 
issues. Four firms valued turnkey deliveries as their 
competence, four value creating customer solutions, 
and two network relationships. According to the key 
informants, small scale CHP technology interest most of 
the firms. However, technological solutions are still in 
the emergent phase, and most of the firms would prefer 
to collaborate rather than to execute challenging R&D 
on their own. Political decisions and e.g. various 
investment subsidies and electricity feed-in tariffs play 
an important role in decision making processes. 
Typically, most of the firms manufacture parts and 
components for the plants, such as boilers, conveyors, 
automation or firing (combustion) technology based on 
their capabilities and competences, or the product-
rights belong to the firm and the parts may be 
outsourced. Heating plant building, construction, 
electrification and plumbing are typically acquired 
locally. However, end customers usually appreciate 
turnkey deliveries of the plants, and thus the plant 
suppliers have to collaborate with their sub-suppliers, 
service partners, universities, other manufacturers and 
even competitors in order to fulfill customer 
requirements.  

The key informants shed light on the versatile business 
networks that the plant manufacturers have developed 
and maintain. To exemplify, a simplified business 
network among a part of the key players is illustrated in 
figure 1. For the sake of clarity, customer, sub-supplier, 
and service partner networks are omitted, and 
manufacturers’ (M1; M2; etc) key technologies and 
focal own production activities are indicated in the figure 
by solid line ovals, whereas outsourced key activities 
and production are indicated by dashed line ovals. For 
example, Manufacturer number one’s (M1) combustion 
technology is produced in-house, whereas automation 
is outsourced. In addition, M1 has intense relationships 
with manufacturers M2 and M13. In comparison, 
manufacturer M26 is independent from other plant 
suppliers, and its in-house produced key technology is 
boiler technology, whereas plant implementation is 
outsourced. All in all, the plant manufacturers 
complement their own capabilities by efficiently 
exploiting their business networks including customers, 
subcontractors, other manufacturers, competitors, 
various service providers, and institutions such as 
universities. This kind of business strategy provides 
them for supplying turnkey deliveries to end customers 
instead of component supply only. A more in-depth 
network analysis is conducted in the following section.
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Figure 1: Heating plant manufacturers’ typical network structures
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5.3 Network analysis 
Instead of making an attempt to investigate the often 
hidden company core competences, firms’ overall 
capabilities were analysed by evaluating their human 
and physical resources, financial performance, export 
activities, as well as accumulated experience and know-
how. Correspondingly, firms’ network activities were 
analysed by evaluating their overall network 
performance, customer orientation, and network 
benefits to R&D. The evaluation of the different factors 
was based on the interviews supported by firms’ data 
e.g. from their Internet home pages when applicable. 
The evaluation of financial performance was based on 
the financial statements of the companies, and the 
evaluation of the physical resources of the firms was 
based on actual observation of the researchers on site. 
Financial data was available for 19 firms, and 
researchers could observe 22 firms’ physical resources 
on site. The individual factors were scored by numbers 
one to five so that the best value of the factor was five, 
the average value among the firms three and the worst 
value one. For example, if a firm had significant exports 
to several countries the value was five, and if it had very 
little or no exports at all the value was one. An average 
export activity within the firms justified the value three. 
Equally, if e.g. a firm’s network exploitation and benefits 
to its R&D were significant the value was five, whereas 
if a firm’s R&D was mostly performed in-house without 
any experienced network benefits the value was one. 
Other factors were evaluated similarly. The evaluation 
was executed individually by two researchers, and the 
results were crosschecked by two other researchers.  
Finally, the firm’s points for human resources, physical 
resources, and exports were weighted by a factor 2, 
whereas financial performance and experience / know-
how were weighted by a factor 1. Equally, overall 
network performance and network benefits to R&D 
were weighted by a factor 2, whereas customer 
orientation was weighted by a factor 1. The motivation 
behind that reasoning was that firstly, financial data was 
available for only 19 firms, and the worldwide recession 
that hit industry and commerce in 2008-2009 may have 
significantly influenced these financial figures. 
Secondly, firms may have evaluated experience / know-
how equally, but in case the capability depends merely 
on a few individuals, it may prove to be highly 
vulnerable. Thirdly, firm representatives typically tend to 
argue that their firm is customer oriented. Thereby, this 

kind of weighting in the evaluation gives higher 
importance to the most solid factors while at the same 
time balancing the influence of the factors that may 
carry some uncertainties. General directions for 
evaluation were as follows: 
Human resources (a): the number and education of 
employees in relation to firm’s overall size; 
Physical resources (b): firm’s plant and machinery; 
Financial performance (c): financial factors from firm’s 
financial statements; 
Exports (d): volume of exports and number of export 
countries; 
Experience and know-how (e): background, history, and 
experience in heating plant supplies; 
Overall firm capabilities: average outcome of 
(a+b+c+d+e); 
Overall network performance (f): number and nature of 
network partners, and network functionality; 
Customer orientation (g): scope and functionality of 
customer relationships, partnerships; 
Network benefits to R&D (h): exploitation and 
functionality of network for company R&D; 
Network activity: average outcome of (f+g+h). 
The network leaders’ average score for overall firm 
capabilities is 6.54, the turnkey suppliers’ average score 
is 4.21, whereas the distributors’ score is 2.77. The 
network leaders have overwhelming capabilities 
compared to the other clusters, and the distributors 
evidently have the least capabilities. Table 2 
summarizes the firms’ overall capabilities.  
Firms’ network activities were estimated in a similar 
manner, and are summarized in table 3. The network 
leaders’ average score for network activity is 4.88, the 
turnkey suppliers’ average score is 4.69, and the 
distributors’ is 3.4. Both the network leaders and 
turnkey suppliers exploit their business network to a 
similar extent. The distributors collaborate the least 
within their business network. The firms sell either 
turnkey plant deliveries to end customers, or 
components to other manufacturers, competitors and 
customers. This configuration has lead to a versatile 
network within various component suppliers, service 
providers, competitors and end customers. The network 
leaders and turnkey suppliers operate actively in their 
business network, whereas the distributors link their 
local customers and foreign component suppliers. 

         Table 2 : Firms’ overall capabilities 

 Human  
Resources 

a) 

Physical 
Resources 

b) 

Financial 
Performance 

c) 

Exports 
 

d) 

Experience/ 
Know-how 

e) 

Overall Firm 
Capabilities 

(Average 
a+b+c+d+e) 

Weighting 2 2 1 2 1  
(1) Network 
Leaders, 
average score 

 
 

7.75 

 
 

8.25 

 
 

4 

 
 

8.25 

 
 

4.13 

 
 

6.54 
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(STDEV) (1.98) (1.67) (1) (2.49) (0.64) (1.24) 
M2 
M9 
M13 
M17 
M18 
M20 
M22 
M26 

10 
6 
6 

10 
6 
8 
6 

10 

10 
8 
6 

10 
8 
8 
6 

10 

4 
3 
3 
5 
5 
 

3 
5 

10 
4 
6 
10 
10 
6 
10 
10 

4 
4 
4 
5 
3 
4 
4 
5 

7.60 
5.00 
5.00 
8.00 
6.40 
6.50 
5.80 
8.00 

(2) Turnkey 
Suppliers, 
average score 
(STDEV) 

 
 

5.23 
(1.01) 

 
 

5.78 
(2.11) 

 
 

4.22 
(1.09) 

 
 

3.23 
(2.09) 

 
 

3.31 
(0.86) 

 
 

4.21 
(1.02) 

M1 
M3 
M5 
M8 
M11 
M12 
M14 
M15 
M16 
M19 
M23 
M24 
M25 

6 
6 
4 
4 
4 
6 
4 
6 
6 
6 
4 
6 
6 

4 
4 
4 
 
4 
8 
 
 

10 
6 
 
6 
6 

5 
5 
 

4 
 
 

3 
 

4 
5 
2 
5 
5 

2 
8 
2 
2 
2 
2 
2 
6 
6 
2 
2 
2 
4 

3 
5 
3 
4 
3 
3 
2 
3 
4 
2 
4 
4 
3 

4.00 
5.60 
3.25 
3.50 
3.25 
4.75 
2.75 
5.00 
6.00 
4.20 
3.00 
4.60 
4.80 

(3)Distributors, 
average score 
(STDEV) 

 
3.6 

(1.67) 

 
2.4 

(0.89) 

 
3 

(1.73) 

 
3.2 

(2.68) 

 
1.8 

(0.45) 

 
2.77 

(0.73) 
M4 
M6 
M7 
M10 
M21 

2 
6 
4 
2 
4 

2 
4 
2 
2 
2 

4 
 

4 
 

1 

2 
2 
2 
2 
8 

2 
2 
2 
1 
2 

2.40 
3.50 
2.80 
1.75 
3.40 

 

                               Table 3 : Firms’ network activities 

  Overall 
Network 

Performance 
f) 

 Customer 
Orientation 

 
g) 

 Network 
Benefits 
to R&D 

h) 

Network 
 Activity 
(average 
f+g+h) 

Weighting 2 1 2  
(1) Network 
Leaders, 
average score 
(STDEV) 

 
 

6.5 
(2.33) 

 
 

3.13 
(0.99) 

 
 

5 
(2.83) 

 
 

4.88 
(1.39) 

M2 
M9 
M13 
M17 
M18 
M20 
M22 
M26 

10 
2 
6 
8 
6 
8 
6 
6 

2 
3 
3 
3 
2 
3 
5 
4 

6 
2 
10 
4 
4 
4 
8 
2 

6 
2.33 
6.33 

5 
4 
5 

6.33 
4 

(2) Turnkey 
Suppliers, 
average score 
(STDEV) 

 
 

6.31 
(1.97) 

 
 

3.46 
(1.20) 

 
 

4.31 
(2.56) 

 
 

4.69 
(1.66) 
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M1 
M3 
M5 
M8 
M11 
M12 
M14 
M15 
M16 
M19 
M23 
M24 
M25 

8 
6 
10 
8 
4 
4 
4 
6 
8 
4 
6 
8 
6 

3 
4 
4 
5 
4 
2 
2 
4 
3 
1 
4 
5 
4 

8 
6 
10 
6 
4 
2 
2 
4 
4 
2 
2 
4 
2 

6.33 
5.33 

8 
6.33 

4 
2.67 
2.67 
4.67 

5 
2.33 

4 
5.67 

4 
(3)Distributors, 
average score 
(STDEV) 

 
5.2 

(1.79) 

 
1.8 

(0.84) 

 
3.2 

(1.10) 

 
3.4 

(0.64) 
M4 
M6 
M7 
M10 
M21 

8 
4 
6 
4 
4 

3 
1 
1 
2 
2 

2 
4 
4 
2 
4 

4.33 
3 

3.67 
2.67 
3.33 

 

When the single firm’s capabilities and network 
activities are located into a matrix (see figure 2), it is 
highly evident that the network leaders have the most 
extensive capabilities, the turnkey suppliers have 
lesser capabilities, and the distributors have the least 
capabilities. On average, the network leaders and the 
turnkey suppliers tend to utilize their business 
networks equally, whereas the distributors operate 
more independently. In spite of their overwhelming 
resources and capabilities, the network leaders 
actively exploit their networks. The reasoning is that 
their strategy is to focus on their core competences 
and core products and outsource other parts of the 
plant deliveries. The distributors act as a liaison  

 

between their end customers and the foreign 
component and plant suppliers that they represent. 
However, as the relatively high standard deviations 
reveal, single firms exploit their networks quite 
differently, which becomes especially evident while 
examining the turnkey suppliers’ network activities. It 
can be concluded that single firms complement their 
inadequate resources and capabilities by exploiting 
their business network actively, whereas other firms 
are more independent, and tend to develop and 
manufacture more or less everything in-house based 
on their strategy and resources. The different clusters' 
capabilities and network activities are illustrated in 
figure 2.  

 
Figure 2 : Firm Capabilities vs. Network Activities of the Clusters 
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6. CONCLUSIONS 
Global warming is a rapidly growing environmental 
concern, and the current primary energy sources are 
also becoming exhausted. Increasing use of 
renewable energy sources has an ever growing 
importance for the future sustainable energy policy, 
and decentralized small scale CHP production using 
biofuels could provide a qualified solution for the 
environmental issue in many countries. The study 
increased understanding about the key heating plant 
manufacturers and suppliers in Finland that are also 
capable of providing power generation in their product 
portfolio in the future. The plant manufacturers 
produce their offering based on firm specific 
capabilities, competences and strategy, and they 
complement their competences by diversified 
business networks. Both the network leaders and the 
turnkey suppliers actively exploit their business 
networks. This enables them to satisfy end customer 
requirements, and to supply complete plant deliveries 
on turnkey basis instead of merely supplying 
components and parts. The distributors mostly 
operate as liaisons between their end customers and 
overseas plant and component manufacturers. The 
variation in network activity between single firms is 
relatively high in all the clusters revealing different 
strategies and capabilities of the firms.  

This study contributes to providing evidence that firms 
complement their resources, capabilities and 
competences by collaborating within their business 
networks. The study also increased general 
understanding about the key players, networks, and 
clusters in the industry that can be considered as 
valuable knowledge for practical managers. The 
sample of the firms can be considered extensive, the 
interviewees were mostly top executives and company 
experts, and the results of the study were executed by 
two researchers and crosschecked by two others in 
order to ensure validity and reliability. The results of 
the study can also presumably be generalized to 
many other regions. The main limitations of the study 
are the to some extend limited financial data, and the 
potential influence of the global recession in 2008-
2009 on the firms' financial figures. Bioenergy industry 
is rapidly emerging, and it might be valuable to study 
in the future what kind of product modularity issues 
and business networks prevail in commercializing 
small scale CHP plants internationally. 

 
Acknowledgments 
 
The authors are thankful for researchers Joni Vasama 
and Olli Viitikko for their invaluable work in the data 
collection phase of the research. 
 
 

7. REFERENCES 
 
[1]Tekes. (2008). Growing Power. Bioenergy Solutions 

from Finland.’  Research reports. 43 p. [retrieved 
May 23, 2011]. Available from: 
<http://www.tekes.fi/fi/community/Etusivu/307/Haku
/383?tf_query=growing+power>. 

[2] Kara, M., Hirvonen, R., Mattila, L., Viinikainen, S., 
Tuhkanen, S. (2003). ’Energy Visions 2030 for 
Finland.‘  VTT Energy. Helsinki: Edita. 237 p. 

[3] International Energy Agency. (2011). ‘World energy 
outlook 2008. Renewable energy outlook.’ [IEA 
www-pages]. [Retrieved March 11 2011]. Available 
from : 
<http://www.iea.org/textbase/nppdf/free/2008/weo2
008.pdf.>. 

[4] Wernerfelt, B.(1984). ‘A Resource-based View of 
the Firm.’  Strategic Management Journal, Vol. 5, 
pp 171-180. 

[5] Barney, J. (1991). ‘Firm Resources and Sustained      
Competitive Advantage.’  Journal of Management, 
Vol 17, No 1, pp 99-120. 

[6] Barney, J., B., Hesterly, W., S. (2006). ‘Strategic 
Management and Competitive Advantage. 
Concepts and Cases.’ New Jersey: Prentice Hall. 
340 p. 

[7] Trott, P. (2008). ‘Innovation Management and New 
Product development.’ 4th edition. England: 
Prentice Hall. 581 p. 

[8] Doz, Y., L., Hamel, G. (1998). ‘Alliance Advantage 
– The art of creating value through Partnering.’  
Boston: Harward Business School Press. 316 p. 

[9] Pehnt, M., Cames, M., Fischer, C., Praetorius, B., 
Schneider, L., Schumacher, K., Voss, J.-P. (2006). 
‘Micro cogeneration – Towards Decentralized 
Energy Systems.’  E-book. 346 p. 

[10]WADE. (2003). ‘Guide to Decentralized Energy 
Technologies. World Alliance for      Decentralized 
Energy.’  Edinburg. 49 p. 

[11]Motiva. (2010). ‘Combined heat and power 
production.’  [In Motiva www-pages]. Updated 
January 12, 2010 [retrieved December 3, 2010]. 
Available from: 
<http://www.motiva.fi/en/areas_of_operation/renew
able_energy/combined_heat_and_power_plants/co
mbined_heat_and_power_production>. 

[12]Anderson, P., Tushman, M.L. (1990). 
’Technological Discontinuities and Dominant 
Designs: A Cyclical Model of Technological 
Change.’ Administrative Science Quarterly. Dec 
1990. Vol. 35. Issue 4. pp. 604-633.  

[13]Tushman, M.L. (1997). ‘Winning through 
innovation.’ Strategy & Leadership. Jul/Aug 1997. 
Vol. 25 Issue 4. pp. 14-19. 

[14] Suarez, F., F., Utterback, J., M. (1995). ‘Dominant 
designs and the survival of firms.’  Strategic 
Management Journal. Dec. 1995, Vol. 16 Issue 6, 
pp 415-430. 



96 Lehtovaara et al. 

IJIEM 

[15] Kokkonen, K., Lehtovaara, M., Rousku, P., Kässi, 
T. (2011). ‘Networking of biomass heating 
enterprises – a two-dimensional approach.’ XX11 
ISPIM Conference – Sustainability in Innovation : 
Innovation Management Challenges. June 12-15 
2011. Hamburg. Germany. 

[16]Combined Heat and Power Association. (2010). 
CHP FAQ. [In Combined Heat and Power 
Association www-pages]. Updated July, 2009. 
[retrieved December 3, 2010]. Available from: < 
http://www.chpa.co.uk/>. 

[17]Ahtila, P., Fogelholm, C., Keppo, I., Pursiheimo, 
E., Savola, T., Sipilä, K. (2005). ‘Small-Scale    
Biomass CHP Plant and District Heat.’  VTT 
Research Notes 2301. Valopaino Oy, Helsinki. 129 
p.  

[18]Bowman, C., Ambrosini, V. (2003). ‘How the 
Resource-based and Dynamic Capability Views of 
the Firm Inform Corporate-level Strategy.’  British 
Journal of Management, Vol. 14, 289-303. 

[19]Johnson, G., Scholes, K., Whittington, R. (2006). 
‘Exploring Corporate Strategy.’ Seventh edition. 
Prentice Hall. 635 p. 

[20]Prahalad, C., K., Hamel, G. (1990). ‘The core 
competence of the corporation.’  Harward Business 
Review. Vol. 68 Issue 3, pp 79-91. 

[21]Javidan, M. (1998). ‘Core Competence: What 
Does it Mean in Practice?’  Long Range Planning. 
Vol. 31 Issue 1, pp 60-71. 

[22]Torkkeli, M., Tuominen, M. (2002). ‘The 
contribution of technology selection to core 
competences.’  International Journal of Production 
Economics. Vol 77, pp. 271-284. 

[23] Parolini, C. (1999). ‘The Value Net – A Tool for 
competitive Strategy.’  Chichester: John Wiley & 
Sons. 239 p. 

[24]Möller, K., Rajala, A., Svahn, S. (2004). 
’Tulevaisuutena liiketoimintaverkot – Johtaminen ja 
arvonluonti. Future business networks – 
Leadership and value creation’  Helsinki: 
Teknologiainfo Teknova. 240 p. 

[25]Lipasti, I. (2007). ‘Johda yli rajojen 
verkostotaloudessa. - Lead beyond boundaries in 
network economy’  Helsinki: WSOYpro. 316 p. 

[26]Chen, H., Chen, T-J. (2003). ‘Governance 
structures in strategic alliances: transaction cost  
versus resource-based perspective.’ Journal of 
World Business, 38, 1-14. 

[27] Crain, D., W., Abraham, S. (2008). ‘Using value-
chain analysis to discover customers’ strategic 
needs.’ Strategy & Leadership, Vol. 38, No. 4, 29-
39. 

[28]Xu, L., D. (2011). ‘Information architecture for 
supply chain quality management.’  International 
Journal of Production Research. Vol. 49, No 1, pp 
183-198. 

[29]Jayaram, J., Xu, K., Nicolae, M. (2011). ‘The direct 
and contingency effects of supplier coordination 
and customer coordination on quality and flexibility 
performance.’ International Journal of Production 
Research. Vol. 49, No 1, pp 59-85. 

[30]Liu, P., Zhang, X. (2011).’ Research on the 
supplier selection of a supply chain based on 
entropy weight and improved ELECTRE-III 
method.’  International Journal of Production 
Research. Vol. 49, No 3, pp 637-646. 

[31]Hite, J., M., Hesterly, W., S. (2001). Research 
Notes and Commentaries. ‘The Evolution of Firm 
Networks : From Emergence to Early Growth of the 
Firm.‘ Strategic Management Journal. Vol 22, pp 
275-286. 

[32]Fuller-Love, N., Thomas, E. (2004). ‘Networks in 
small manufacturing firms.’ Journal of Small 
Business and Enterprise Development. Vol. 11, 
No 2, pp 244-253. 

[33]O’Regan, N., Kling, G. (2011). ‘Technology 
outsourcing in manufacturing small- and medium-
sized firms : another competitive resource ?’  R&D 
Management. Vol. 41, No 1, pp 92-105. 

[34]Eisenhardt, K. (1989). ‘Building theories from case 
study research.’  Academy of Management 
review, Vol. 14, No 4, pp 532-550. 

[35]Yin, R.K. (2003). ‘Case Study Research. Design 
and Methods.’  3rd edition. USA: SAGE 
Publications. 

[36]Creswell, J., W. (2007). ‘Qualitative Inquiry & 
research design. Choosing Among Five 
approaches.’ 2nd edition. USA: SAGE 
Publications. 395 p. 

[37]BioEnergia. (2010). [PuuEnergia www-pages]. 
Updated 2010. [Retrieved November 18 2010] 
Available from< 
http://www.puuenergia.fi/koneet/lampokeskukset_
voimalat_2010.pdf >.  

[38]Fonecta. (2010). Profinder b2b. [Fonecta www-
pages]. Updated 2010. [Retrieved November 18 
2010] Available from < 
http://profinderb2b.fonecta.com/ >, password 
required. 

[39]Leppiniemi, J., Kykkänen, T. (2007). ‘Kirjanpito, 
tilinpäätös ja tilinpäätöksen tulkinta. – Accounting, 
financial statements and analysis of the financial 
statements.’ 5th edition. Juva: WS Bookwell Oy. 
277 p. 

 
 



Lehtovaara et al. 97 
    

IJIEM 

Saradnja kompanija u okviru poslovnih mreža u tehnologiji 
bioenergije: studija slučaja 

Matti Lehtovaara, Kirsi Kokkonen, Petri Rousku, Tuomo Kässi 
 
Primljen (30.05.2011.); Recenziran (30.05.2011.); Prihvaćen (19.09.2011.) 
         

Rezime 
Globalno zagrevanje postaje ozbiljan problem u zaštiti životne sredine, a trenutni primarni izvori 
energije se iscrpljuju. Decentralizovana kombinovana proizvodnja toplotne i električne energije 
korišćenjem bio-goriva poput šumske biomase može da ponudi kvalifikovano održivo rešenje za 
mnoge regione. Svrha ovog rada je da analizira koje vrste proizvođača postrojenja za grejanje 
postoje na polju bioenergije u Finskoj, a da takođe imaju budući potencijal za obezbeđivanje jedinica 
za proizvodnju električne energije, i kako one sarađuju u sklopu svojih poslovnih mreža. Osnovni 
izvori informacija za evaluaciju industrije predstavljaju analiza glavnih igrača u industriji zasnovana na 
financijskim i ne-financijskim podacima, kao i intervjui sa ključnim stručnjacima. Rezultati pokazuju da 
proizvođači postrojenja mogu da se podele u tri različite poslovne grupe: vodeći u mreži, ključni 
proizvođači i distributeri, kao i da sarađuju u velikoj meri unutar svojih poslovnih mreža. Proizvođači 
postrojenja upotpunjuju svoje kapacitete i kompetencije efikasnom poslovnom mrežom koja priprema 
način dostave kompletnih postrojenja umesto dostave samo komponenti i delova. 
 
Ključne reči: tehnologija bioenergije; poslovne mreže; sposobnosti; kombinovana proizvodnja toplote i  

                          energije 
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1. Introduction   

 
The global climate change and the scarcity of 

primary energy sources are becoming serious environ-
mental concerns. Distributed, or, in other words, decentral-
ized, biofueled combined heat and power production 
(CHP) could offer a qualified, sustainable solution for this 
concern in many countries and regions. Increased use of 
renewable primary energy sources and improved overall 
energy efficiency play an important role in future energy 
production and consumption [1]. Distributed small scale 
CHP production using biomasses, such as woodchips from 
logging residue or reed canary grass, is emerging as the 
used technologies mature and are commercialized. At pre-
sent, technologies for commercial heat and power produc-
tion using various biomasses are mainly based on combus-
tion technologies [2]. It is particularly suitable for intro-
ducing novel technologies utilizing forest biomasses in the 
regions that possess adequate natural resources enabling 
their sustainable exploitation. Further, according to [3] 
nuclear power phase out and decommissioning of outdated 
coal plants in many regions will lead to a need for re-
placement of substantial portion of the current energy gen-
eration capacity in the near future. Distributed CHP pro-
duction has thus an important role in the future energy 
supply, and it is also expected to provide increased security 
of energy supply, reduction of greenhouse gas emissions, 
and saving of electricity grid capacity. 

Firms operating in emerging industries such as 
distributed bio-CHP technology need various resources, 
capabilities and competences, and they also have to col-
laborate with other business network players in order to 
develop new products and services for the novel business 
environment and to ensure their own competitive advan-
tage [4-6]. Product modularity has been well known for 
several decades, and its significance as a prerequisite of 
ensuring firms' competitive advantage in today’s dynamic 
business environments is increasing [7, 8]. The benefits of 
modularity include, e.g. increased economies of scale, in-
creased product variety, cost savings in inventory, and a 
shorter product life cycle [7, 9-11]. However, modularity 
also has confounding effects on firm’s competitive advan-
tage: turning to the modular approach may also create, e.g. 
unplanned and extensive fixed costs [12], and increased 
variable product costs due to overdesign [10, 11]. In fact, 
today many firms, including competitors, share their re-

sources and expertise in order to develop new products, 
achieve economies of scale, and gain access to new mar-
kets and technologies, because single firms often lack the 
necessary resources. The go-it-alone strategy has changed 
into a strategy of alliance. Strategic alliances can be either 
intra-industrial or inter-industrial and may include licens-
ing, supplier relations, joint ventures, collaboration, R&D 
consortia, industry clusters, and innovation networks [13, 
14]. 

The objective of this paper is to analyze the rela-
tively unexplored Finnish heating plant manufacturers ca-
pable of supplying power generation units also in the fu-
ture, and to study, in particular, the effects of product 
modularity on their financial performance and collabora-
tion within their business networks. The research question 
of this paper is: “How does product modularity affect Fin-
nish biofuel heating plant manufacturers’ and suppliers’ 
financial performance and their business network activi-
ties?” Case study research was selected as the research 
strategy for this paper, and the primary sources of informa-
tion for the evaluation of the industry were an analysis of 
the major industry players and key expert interviews. The 
research data consists of 26 semistructured theme inter-
views with the heating plant manufacturers’ executives and 
other representatives, and financial and non-financial data 
of the firms. The results reveal three clusters of heating 
plant manufacturers and suppliers: network leaders, turn-
key suppliers, and distributors. The different players col-
laborate rather actively within their business networks, 
which include customers, suppliers and competitors. In 
general, the network leaders and the turnkey suppliers tend 
to have higher network activity, and to utilize product 
modularity more extensively than the distributors. Dividing 
the firms into two clusters according to their degree of 
modularity utilization, modularity users and customizers, 
reveals novel results. This paper contributes to providing 
evidence that the degree of product modularity exploitation 
influences the heating plant manufacturers’ and suppliers’ 
financial performance and network activities. The study 
also increases general understanding of the industry's char-
acteristics, which can be considered valuable knowledge 
for practical managers. The extensive sample consisted of 
Finnish heating plant manufacturers and suppliers, but the 
results could probably be generalized to provide valuable 
knowledge to many other market areas as well. 
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2. Product modularity 
 

According to [15], for example, product architec-
ture becomes modular, while functional components’ inter-
faces are specified to allow component variations, where-
after the interface specifications are standardized. [16] 
complements that modular design enables to add new func-
tions to modular units at different hierarchical system lev-
els. Further, modularity can be categorized into six differ-
rent types: component-sharing, component-swapping, cut-
to-fit, mix, bus, and sectional modularity.  Component-
sharing modularity enables the use of common components 
in different products, in component-swapping modularity 
different modules can be alternatively selected for standard 
products, and in cut-to-fit modularity the modules have 
unique dimensions such as length, width, or height. Mix 
modularity is similar to component-swapping modularity, 
and it appears when a combination of the modules can be 
selected to standard products. Bus modularity refers to the 
ability to add one or more modules to an existing base, 
such as track lightning. Finally, sectional modularity is 
similar to component-swapping modularity, and it appears 
when standard modules can be arranged in a unique pattern 
like Lego bricks [17, 18]. In addition, modularization can 
be divided into different levels of modularization, such as 
component level, module level, subsystem level, and sys-
tem level modularization. Each level of modularization 
varies in regard to, e.g. opportunities for modularization, 
product architecture, interface compatibility, component 
customization, value inputs, and supplier-buyer interde-
pendence [19]. Further, according to [20], modularity can 
be defined under four key themes: product modularity, 
including product development modularity; production and 
process modularity; organizational and supply chain modu-
larity; and modularity of services, including modularity of 
service product, service development, service production 
and process, and service organization and supply chain. 

Modularity has several advantages which have 
been widely discussed in previous research. As a matter of 
fact, the significance of product modularity as a prerequi-
site for ascertaining firms’ competitive advantage in to-
day’s dynamic business environments is ever increasing [7, 
8]. The benefits of modularity include increased economies 
of scale, increased product variety, reduced time to market, 
cost savings in inventory, and shorter product life cycle [7, 
9-11, 15]. In addition, it is recognized that modular design 
decreases product complexity, enables mass customization, 
and accelerates product innovation cost efficiently [9, 21, 
22]. According to [23, 24] modularity also facilitates post-
poning product differentiation and final delivery until cus-
tomer requirements are known. This, in turn, improves 
customer satisfaction, reduces inventory costs, and im-
proves delivery times. [7, 25] argue that product modular-
ity influences supplier relations and integration positively 
in a number of ways: firstly, modularity improves delivery 
forecasts’ reliability, and thus mutual trust in supplier-
customer relationships; secondly, it enhances supplier inte-
gration by reducing the communication barrier by creating 
a common language; thirdly, it helps buyers and suppliers 
to manage the risks of losing competitive advantage 
through inadvertent release of intellectual property rights 
(IPR), and finally, modularity has a positive influence on 
supplier integration which in turn has a positive effect on 
firms’ performance. 

However, modularity also has confounding ef-
fects on the firm’s competitive advantage: turning to 
modular approach may create e.g. unplanned and extensive 
fixed costs [12], and increased variable product costs due 
to overdesign [10, 11]. According to [26], modular design 
may also lead to similar products during product develop-
ment process due to repetitively used common modules. In 
fact, product innovation is often introduced in a non-
modular form, since design engineers have to understand 
the product architecture before modularization [27, 28]. To 
sum up, modularity offers a sustainable alternative for 
permanently fulfilling changing customer requirements 
such as increased product variety and improved quality 
[29]. 
 
3. Research design and data 
 

The empirical study was carried out as a single 
case study. In fact, a case study is not a methodology, but 
rather a research strategy that concentrates on increasing 
the understanding of the present dynamics within a single 
setting [30]. [31] argues that a case study is an enquiry that 
investigates a contemporary phenomenon within its real 
world context. [32] defines a case study as an exploration 
of a bounded system that can be defined in terms of time 
and place, and through detailed, in-depth data collection, 
involving multiple rich sources of information. Case stud-
ies typically combine various data collection methods, 
such as archives, interviews, questionnaires and observa-
tions [30]. 

The analyses of the firms were based on financial 
data, a literature review and interviews conducted in order 
to answer the research question: “How does product modu-
larity affect Finnish biofuel heating plant manufacturers’ 
and suppliers’ financial performance and their business 
network activities?” 

The primary source for acquiring the list of com-
panies was a trade magazine [33], and the list was further 
augmented by experts’ knowledge. At present, there are 
fewer than 40 key players in the small-scale biofuel heat-
ing plant manufacturers’ and suppliers’ branch of business 
in Finland, and 26 of them agreed to participate in the in-
terview. Those 26 manufacturers and suppliers were also 
included in the financial analysis. The financial data of the 
firms was collected from a national information provider 
[34] whose data base includes financial data on approxi-
mately 100 000 national companies including publicly 
listed companies as well as privately owned small and me-
dium size enterprises (SME). The financial data was based 
on the financial statements of the firms and included their 
revenue, net income, return on invested capital (ROIC), 
equity and quick ratio for the years 2005–2009. 

The quantitative analysis was complemented with 
a literature review of the firms based on their Internet 
home pages, and interviews with 26 key informants. The 
interview sessions were conducted in May and June 2010 
by two researchers, the interviews were audio recorded and 
the results were crosschecked by two other researchers. 
The group of interviewees was composed of top manage-
ment and company experts including 15 CEOs, two entre-
preneurs, and one chairman of the board. The key infor-
mants were interviewed using a semi-structured theme 
questionnaire concentrating on two main issue areas: firm 
related issues: background information such as market re-



 564

view; offered products and services; modularity utilization; 
key technologies; CHP potential; human resources; compe-
tences; exports, and network related issues: general net-
work structure, network participants; network perform-
ance; customer orientation; network benefits to R&D. Fi-
nally, the concluding analyses are a synthesis of the firms’ 
financial analysis, literature review, and interviews. 

 
4. Empirical analyses 
 

The majority of the firms manufacture parts and 
components of the plants, such as boilers, conveyors, 
automation or firing (combustion) technology based on 
their core competences, or the product-rights belong to the 
firm and the manufacturing of the parts may be outsourced. 
Heating plant building, construction, electrification and 
plumbing are typically acquired locally. However, end 
customers usually appreciate turnkey deliveries of the 
plants, and thus the suppliers have to collaborate with other 
manufacturers and even competitors in order to carry the 
full liability of the delivery and meet customer require-
ments. 

The firms were categorized into three generic 
groups: network leaders, turnkey suppliers, and distribu-
tors. Network leaders are larger firms in terms of revenue, 
balance sheet and number of personnel. Their resources 
were estimated more significant than those of other firms. 
The majority of the network leaders also manufacture their 
core products in-house or own product-rights. Similarly, 
turnkey suppliers produce a part of their products in their 
facilities or own the product-rights, but their capabilities 
are lesser than those of the network leaders. Distributors 
mostly import their product range.  

Further, in a more in-depth study, the firms were 
distributed into two clusters according to their degree of 
modularity utilization: modularity users, and customizers. 
Modularity users are composed of those firms that exploit 
product modularity from average to full exploitation, 
whereas customizers’ product modularization rate is mod-
erate or they do not exploit modularity at all. Both modu-
larity users and customizers exist among network leaders, 
turnkey suppliers and distributors. 

4.1. General financial analysis 
 

In the analysis, there were altogether 26 firms. Fi-
nancial data from the national data bank [34] was available 
for 19 of these firms, and the financial statements of the 
firms were analysed for the years 2005-2009. Firms with 
available financial data for less than three years were ig-
nored in the analysis. Based on [35], while evaluating the 
firms’ financial performance ROIC was regarded good, if 
it was over 15% and satisfactory, if it was below 15%. 
Negative ROIC was evaluated as weak. Accordingly, over 
40% equity ratio was regarded good, 20 to 40% satisfac-
tory and below 20% weak. Quick ratio over 1 was rated 
good, 0.5 to 1 satisfactory and below 0.5 was regarded 
weak.  

Most of the firms were small and medium size en-
terprises (SME), whereas two firms belonged to larger 
groups of companies. The results reveal that the average 
revenue of all the firms was 6.263 M€, the average revenue 
of the network leaders was 13.356 M€, the turnkey suppli-
ers’ revenue was 2.702 M€, and the distributors’ 0.395 M€. 
The network leaders had the largest net income 0.577 M€ 
(4.3% of the revenue), and the turnkey suppliers’ net in-
come 0.173 M€ (6.4%) was the best comparative one. The 
distributors’ net income was slightly negative (-0.038 M€). 
The return on invested capital (ROIC) was on good level 
(i.e. over 15%) in all the groups. The average equity ratio 
was on satisfactory level (20 to 40%) in all categories, 
whereas the average quick ratio was on good level. Gener-
ally, standard deviation (STDEV) in most of the studied 
factors and company groups was relatively high, revealing 
that the firms within the groups were rather heterogeneous. 
All in all, the network leaders were medium size compa-
nies, the turnkey suppliers were small, and the distributors 
were micro companies. The good ROIC within all the 
groups could be a consequence of relatively good financial 
results and modest capital investments. The equity ratios of 
the firms give support to modest capital investments. The 
good quick ratios of the firms reveal a generally healthy 
liquidity of the firms. The financial results of the network 
leaders, turnkey suppliers and distributors are illustrated in 
Table 1. 

 

Table 1 

Financial results of different clusters 

 
 
 

 
All Firms 
(N=19) 

 
Network Leaders 

 

 
Turnkey Suppliers 

 

 
Distributors 

 
Revenue  
average, t€ 
(STDEV) 

 
6263 

(9366) 

 
13356 

(12549) 

 
2702 

(2827) 

 
395 

(390) 
Net Income 
average, t€ (%) 
(STDEV) 

 
289 (4.6 %) 

(562) 

 
577 (4.3 %) 

(840) 

 
173 (6.4 %) 

(227) 

 
-38 (neg.) 

(115) 
ROIC 
average, % 
(STDEV) 

 
30.5 

(28.4) 

 
23.9 

(23.5) 

 
37.2 

(30.2) 

 
26 

(39.7) 
Equity 
average, % 
(STDEV) 

 
31.6 
(22) 

 
22.9 

(13.9) 

 
39.8 

(27.4) 

 
27.3 

(14.2) 
Quick Ratio 
average 
(STDEV) 

 
1.52 

(1.16) 

 
1.06 

(0.31) 

 
1.70 

(1.57) 

 
2.06 

(0.75) 
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Distributing the firms into modularity users, and  
customizers revealed novel results. The average revenue of 
the modularity users was 7.572 M€, and the average reve-
nue of the customizers was 1.354 M€. The average net 
income of the clusters of companies were 0.359 M€ (4.7% 
of the revenue) and 0.028 M€ (2.1%) respectively. The 
ROIC of the modularity users (31.5%), and customizers 
(27%) were on good level, whereas the equity ratios of 
modularity users (34.9%), and customizers (19%), were on 
satisfactory and weak level respectively. The average 

quick ratios of the modularity users (1.48), and customiz-
ers (1.69) were on good level. In general, STDEV was high 
in all factors revealing heterogeneous clusters. As a con-
clusion, modularity users are larger firms and their finan-
cial performance is better than that of the customizers. The 
financial data of the individual firms is used to further 
evaluate financial performance in the following chapters. 
Table 2 summarizes the financial results of the modularity 
users and customizers. 

 
Table 2 

Financial results of modularity users and customizers 

  
All firms 
(N = 19) 

 
Modularity users 

 
Customizers 

 
Revenue  
average, t€ 
(STDEV) 

 
6263 

(9366) 

 
7572 

(10169) 

 
1354 

(1745) 
Net Income 
average, t€  (%) 
(STDEV) 

 
289 (4.6%) 

(562) 

 
359 (4.7%) 

(618) 

 
28 (2.1%) 

(19) 
ROIC  
average, % 
(STDEV) 

 
30.5 

(28.4) 

 
31.5 

(29.5) 

 
27 

(27) 
Equity 
average, % 
(STDEV) 

 
31.6 
(22) 

 
34.9 

(22.2) 

 
19 

(18.7) 
Quick Ratio 
average 
(STDEV) 

 
1.52 

(1.16) 

 
1.48 

(1.23) 

 
1.69 

(0.94) 
 

4.2. Modularity and network analysis 
 

The evaluation of the different factors was based 
on the interviews and supported by the firms’ literature, 
e.g. from their Internet home pages, when applicable. The 
evaluation of the financial performance was based on the 
companies' financial statements. The firms’ network activi-
ties were analyzed by evaluating their overall network per-
formance, customer orientation, and network benefits to 
R&D. Firm’s tendency either to utilize modular products 
or customize their products were analyzed in a similar 
manner. The individual factors were scored by numbers 
one to five so that the best value of the factor was five, an 
average performance among the firms justified the value 
three, and the worst value was one. For example, if a 
firm’s financial performance was good the value was five, 
and if the performance was satisfactory the value was 
three. Weak financial performance of a firm justified the 
value one. Correspondingly, in case a firm utilized modu-
lar solutions significantly in its offering, the firm’s value 
was five, and if it had very little or no modular solutions at 
all, the value was one. The average product modularity 
design within the group justified the value three. The other 
factors were evaluated accordingly. The evaluation was 
executed individually by two researchers, and the results 
were crosschecked by two other researchers.  

Finally, the firms’ points for overall network per-
formance, network benefits to R&D, and modularity were 
weighted by a factor 2, whereas financial performance and 
customer orientation were weighted by a factor 1. The mo-

tivation behind that was that financial data was available 
for only 19 firms, and the worldwide recession that hit in-
dustry and commerce in 2008-2009 may have had an influ-
ence on these financial figures. Further, firm representa-
tives typically tend to argue that their firm is customer ori-
ented. The general directions for the evaluation were as 
follows: 
• financial performance: financial factors from firm’s 

financial statements; 
• overall network performance (a): number and nature 

of network partners, and network functionality; 
• customer orientation (b): scope and functionality of 

customer relationships, partnerships; 
• network benefits to R&D (c): exploitation and func-

tionality of network to company R&D; 
• network activity: the average outcome of (a+b+c); 
• modularity: exploitation of modular product solutions. 

Evaluating the performance of the different clus-
ters, it can be discovered that the network leaders’ average 
score for financial performance is 4, the turnkey suppliers’ 
is 4.22, and the distributors’ is 3. It can thus be concluded 
that the network leaders' and turnkey suppliers' financial 
performance is comparable, whereas the distributors’ per-
formance is less favourable. The network leaders’ average 
modularity score is 7.25, and the network activity score 
4.88. The turnkey suppliers’ scores, in contrast, are 6.62 
and 4.69, and the distributors’ 4.8 and 3.4 respectively. 
The results indicate that network leaders and turnkey sup-
pliers exploit product modularity more, and their general 
business network activity is more significant than that of 
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the distributors. The detailed results of individual manufac-
turers and suppliers as well as different clusters are illus-

trated in Table 3. 

 

Table 3 

Financial performance, network activity and modularity of different clusters 

Firms Financial 
performance 

(N = 19) 

a) Overall 
network 

performance 

b) Customer 
orientation 

c) Network 
benefits 
to R&D 

Network 
activity  
(N = 26) 
(average 
a+b+c) 

Modularity 
 

(N = 26) 

Weighting 1 2 1 2  2 
Network 
Leaders, 

average score 
(STDEV) 

 
 

4 
(1.0) 

 
 

6.5 

 
 

3.13 

 
 

5 

 
 

4.88 
(1.39) 

 
 

7.25 
(2.12) 

M2 
M9 

M13 
M17 
M18 
M20 
M22 
M26 

4 
3 
3 
5 
5 
 

3 
5 

10 
2 
6 
8 
6 
8 
6 
6 

2 
3 
3 
3 
2 
3 
5 
4 

6 
2 

10 
4 
4 
4 
8 
2 

6 
2.33 
6.33 

5 
4 
5 

6.33 
4 

10 
6 
4 

10 
8 
6 
8 
6 

Turnkey 
Suppliers, 

average score 
(STDEV) 

 
 

4.22 
(1.09) 

 
 

6.31 

 
 

3.46 

 
 

4.31 

 
 

4.69 
(1.66) 

 
 

6.62 
(2.99) 

M1 
M3 
M5 
M8 

M11 
M12 
M14 
M15 
M16 
M19 
M23 
M24 
M25 

5 
5 
 

4 
 
 

3 
 

4 
5 
2 
5 
5 

8 
6 

10 
8 
4 
4 
4 
6 
8 
4 
6 
8 
6 

3 
4 
4 
5 
4 
2 
2 
4 
3 
1 
4 
5 
4 

8 
6 

10 
6 
4 
2 
2 
4 
4 
2 
2 
4 
2 

6.33 
5.33 

8 
6.33 

4 
2.67 
2.67 
4.67 

5 
2.33 

4 
5.67 

4 

10 
6 

10 
8 
2 
4 

10 
4 
8 
6 
2 

10 
6 

Distributors, 
average score 

(STDEV) 

 
3 

(1.73) 

 
5.2 

 
1.8 

 
3.2 

 
3.4 

(0.64) 

 
4.8 

(3.03) 
M4 
M6 
M7 

M10 
M21 

4 
 

4 
 

1 

8 
4 
6 
4 
4 

3 
1 
1 
2 
2 

2 
4 
4 
2 
4 

4.33 
3 

3.67 
2.67 
3.33 

4 
4 
4 
2 

10 
 

By executing a more profound study of the indus-
try by distributing the firms into different clusters accord-
ing to their degree of modularity utilization, and studying 
modularity's influences on firms’ financial performance 
and network activity, novel results can be found. Modular-
ity users (N = 17) are composed of those firms that exploit 
product modularity from average to full exploitation, and 
their weighted modularity score varies from 6 to 10. Cus-
tomizers’ (N = 9) product modularization rate is moderate 
or they do not exploit modularity at all, and their weighted 
modularity score varies from 2 to 4.  

While examining modularity’s influence on fi-
nancial performance (19 firms), it is noteworthy that 15 

modularity users had financial data available for at least 
from three years, whereas financial data was available only 
for four customizers. The results reveal that modularity 
users’ (modularity score 8.13) average financial perform-
ance score is 4.13, whereas customizers’ (modularity score 
3.5) average financial performance score is 3.25. Based on 
these results, it seems evident that higher modularity ex-
ploitation rate improves a firm’s financial performance. 

Comparing modularity users’ and customizers’ 
business network activity (26 firms), the results reveal that 
modularity users’ network activity score is 4.8 in average 
and customizers’ network activity score is 3.93 in average. 
The results confirm that modularity users operate more 
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actively within their business network than customizers. 
Table 4 illustrates in detail modularity's influences on 
firms’ financial performance and network activity. 

All in all, the research results indicate that the 

modularity users are bigger firms, their financial perform-
ance is higher, and they collaborate more actively within 
their business networks than the customizers.  

 
Table 4 

Influences of modularity to firm’s financial performance and network activity 

Modularity vs. Financial performance Modularity vs. Network activity 
Firms, 

(N = 19) 
Modularity Financial 

Performance 
Firms, 

(N = 26) 
Modularity Network 

Activity 
Modularity users, 

average score 
(STDEV) 

 
8.13 

(1.77) 

 
4.13 

(1.19) 

Modularity users, 
average score 

(STDEV) 

 
8.12 
(1.8) 

 
4.8 

(1.59) 
M1 
M2 
M3 
M5 
M8 
M9 

M14 
M16 
M17 
M18 
M19 
M20 
M21 
M22 
M24 
M25 
M26 

10 
10 
6 
 

8 
6 

10 
8 

10 
8 
6 
 

10 
8 

10 
6 
6 

5 
4 
5 
 

4 
3 
3 
4 
5 
5 
5 
 

1 
3 
5 
5 
5 

M1 
M2 
M3 
M5 
M8 
M9 

M14 
M16 
M17 
M18 
M19 
M20 
M21 
M22 
M24 
M25 
M26 

10 
10 
6 

10 
8 
6 

10 
8 

10 
8 
6 
6 

10 
8 

10 
6 
6 

6.33 
6 

5.33 
8 

6.33 
2.33 
2.67 

5 
5 
4 

2.33 
5 

3.33 
6.33 
5.67 

4 
4 

Customizers, 
average score 

(STDEV) 

 
3.5 

(1.0) 

 
3.25 

(0.96) 

Customizers, 
average score 

(STDEV) 

 
3.33 
(1.0) 

 
3.93 

(1.15) 
M4 
M6 
M7 

M10 
M11 
M12 
M13 
M15 
M23 

4 
 

4 
 
 
 

4 
 

2 

4 
 

4 
 
 
 

3 
 

2 

M4 
M6 
M7 

M10 
M11 
M12 
M13 
M15 
M23 

4 
4 
4 
2 
2 
4 
4 
4 
2 

4.33 
3 

3.67 
2.67 

4 
2.67 
6.33 
4.67 

4 
 

5. Conclusions and discussions 
 

Global warming, mainly due to greenhouse gas 
emissions, is an increasing environmental concern, and 
current primary energy sources are gradually becoming 
exhausted. Increasing use of renewable energy sources 
together with improved overall energy efficiency is of an 
ever growing consequence in future sustainable energy 
policy. Distributed small scale CHP production using bio-
fuels could provide a qualified solution to these environ-
mental issues in many regions. This study increased gen-
eral understanding of those key heating plant manufactur-
ers and suppliers in Finland that are also capable of provid-
ing power generation in the future. 

The heating plant manufacturers and suppliers are 
small and medium size enterprises that can be categorized 
into three generic groups: network leaders and turnkey 
suppliers manufacture and supply parts and components, 
and also complete plants to end customers on turnkey ba-

sis. Distributors are micro companies that import their of-
fering. The manufacturers produce their offering based on 
firm specific capabilities and competences as well as their 
strategy, and they complement their competences by diver-
sified business networks that include customers, suppliers, 
other manufacturers, and competitors. Dividing the firms 
into two more specific clusters: modularity users that util-
ize product modularity from average to full exploitation, 
and customizers that mostly tend to customize their prod-
uct offering, reveals the following vital results: the modu-
larity users are bigger firms whose financial performance 
is higher than that of the customizers, and the modularity 
users collaborate more actively within their business net-
works than the customizers. The results among the heating 
plant manufacturers and suppliers underpin the results 
widely discussed in earlier research that firms benefit from 
product modularization financially, operationally and stra-
tegically. Further, high modularization rate enhances 
firm’s collaboration and integration within its business 



 568

network. 
The research contributes to providing evidence 

that a higher degree of product modularity exploitation 
leads to higher financial performance and network collabo-
ration of a firm than low product modularization or pure 
customization. The study also increases understanding of 
the key players, networks, and clusters within the industry. 
These issues can be considered valuable knowledge for 
practical managers. The sample of the firms can be consid-
ered extensive, the interviewees were mostly top managers, 
and the results of the study were collected by two re-
searchers and crosschecked by two others in order to en-
sure validity and reliability. The sample consisted of Fin-
nish manufacturers and suppliers, but the results can pre-
sumably be generalized to many other regions. The main 
limitations of the study are the to some extent limited fi-
nancial data, and the potential influence of the worldwide 
recession in 2008-2009 on the financial figures of the 
firms. Bioenergy industry is emerging, and it might be 
valuable to further study what kind of product modularity 
issues, and business networks prevail in commercializing 
small scale CHP plants in the international context. 
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M. Lehtovaara, K. Kokkonen, P. Rousku, T. Kassi 

GAMINIŲ MODULUMAS DIDINA NAŠUMĄ: 
ĮRODYMAS TAIKANT BIOENERGETIKOS 
TECHNOLOGIJĄ 

R e z i u m ė 

Klimato kaita ir pirminės energijos stoka verčia 
rimtai susirūpinti. Kartu naudojant biokuro šilumą ir galią 
galima rasti kvalifikuotą sprendimą. Šio straipsnio tikslas – 
išanalizuoti Suomijos šilumos gamybos įmonių gaminan-
čių galios generavimo įrenginius patirtį, ypač ištirti, kokią 
įtaką gaminių modulumui turi finansiniai veiksmai ir ben-
dradarbiavimas. Pirminė informacija remiasi didžiųjų ga-
mintojų dalyvių ir pagrindinių ekspertų vertinimo analize. 
Rezultatai išryškino dvi gamintojų grupes: modulumo nau-
dotojus ir klientus. Naudojant modulumą, užtikrinami tvirti 
finansiniai ryšiai ir bendradarbiavimas. 
 
 
M. Lehtovaara, K. Kokkonen, P. Rousku, T. Kässi 
 
PRODUCT MODULARITY INFLUENCES TO FIRM 
PERFORMANCE: EVIDENCE FROM BIOENERGY 
TECHNOLOGY 
 
S u m m a r y 
 

Climate change and scarcity of primary energy 
are becoming serious concerns. Distributed biofueled com-
bined heat and power production could offer a qualified 
solution. The objective of this paper is to analyze Finnish 
heating plant manufacturers capable of supplying power 
generation units; in particular, how product modularity 
affects their financial performance and collaboration. The 
primary information for the evaluation is based on an 
analysis of major industry players and on key expert inter-
views. The results reveal two clusters of manufacturers: 
modularity users and customizers. Modularity exploitation 
activity influenced firms’ financial performance and col-
laboration. 
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1. Introduction    

 

The world’s primary energy use is predicted to 

increase during the next decades, reaching about 50% 

higher total energy consumption in 2050 than today. The 

key drivers behind the development are expected increases 

in population and gross domestic production (GDP). Ener-

gy mix visions and strategies thus have important roles in 

determining our future prosperity [1]. The increasing 

awareness of global warming due to the increased amount 

of greenhouse gases in the atmosphere and the finiteness of 

fossil fuel reserves has caused many nations to consider 

more sustainable energy alternatives. Wind appears virtual-

ly everywhere on the globe, and wind power technology, 

including offshore wind power generation, could offer a 

qualified solution [2]. All in all, the increased use of re-

newable primary energy sources and the improved overall 

energy efficiency have globally an important role in future 

energy production and consumption [3]. 

Firms operating in emerging industries, such as 

offshore wind power generation, need an appropriate array 

of resources and competences, and furthermore, they need 

to collaborate with other players in order to develop the 

novel business environment. A firm’s resources, especially 

when they are valuable, rare, inimitable and non-

substitutable, tend to provide sustainable competitive ad-

vantage, and thus enable the firm to find optimal product-

market activities [4-6]. However, today many firms share 

their resources and expertise to develop new products, 

achieve economies of scale, and gain access to new mar-

kets and technologies, because single firms often lack the 

necessary resources and competences. The do-it-alone 

strategy has changed into an alliance strategy during the 

past decades. Strategic alliances can be either intra-

industrial or inter-industrial, and may include licensing, 

supplier relations, joint ventures, collaboration, R&D con-

sortia, industry clusters, and innovation networks [7, 8]. 

The purpose of this paper is to analyze the key ac-

tors in the rapidly emerging offshore wind power markets, 

and to evaluate how new entrants, such as spin-off firms 

with novel products could enter the market. The research 

question of the paper is: “What kind of key players operate 

in the offshore wind power business, and how can new 

entrants execute their market entry?” Case study research 

was chosen as the research strategy, and the evaluation was 

based on a literature review and financial, patent and po-

tential partner analyses. The results reveal the leading 

players, newly established suppliers and challengers in 

collaboration with whom a new entrant with novel pro-

ducts, such as high power wind turbine generators, could 

execute further development and commercialization of the 

products. This study contributes to providing proof that a 

new small-scale entrant can potentially execute product 

commercialization for example by licensing or collabora-

tion with market incumbents. The practical implications 

are even more significant, providing in-depth knowledge 

about the key players of the offshore wind power markets 

and revealing the potential industrial partners with whom 

the entrant could start to collaborate. 

 

2. Offshore wind power 

 

The key drivers for the growth of the wind energy 

market are  the increasing global demand for energy, 

environmental concerns due to climate change, and 

economic considerations, as the cost of energy (CoE) 

generation by wind power can be quite well predicted. The 

world’s wind resources are enormous: it was recently 

estimated by researchers at Stanford University that using 

only 20 per cent of the economically viable inland wind 

resources for power generation could exceed the world’s 

electricity consumption in the year 2000 seven times over 

[9]. According to [10], studies by the European 

Environment Agency (EEA) confirm that the technical 

potential of offshore wind in Europe is six to seven times 

greater than the predicted  electricity demand in Europe in 

2020. The economically competitive offshore wind power 

potential is estimated to cover about two thirds of the 

electricity demand in 2020, reaching 80 per cent of the  

demand in 2030. All in all, offshore wind energy has 

several positive attributes compared to onshore 

investments, including large remote areas, generally higher 

wind speeds, and lower wind shear and turbulence [2]. 

Although there exist various designs, the most 

common design of a modern wind turbine is the horizontal 

axis wind turbine (HAWT), meaning that the rotation axis 

is parallell to the ground. The major components of a 

HAWT include a rotor (containing a hub and typically 

three or two blades), a nacelle (including a generator, the 

main frame, a drive train that contains rotating parts, such 

as the main shaft and possibly a gearbox, and control and 

electrical systems), and a tower and foundation [2, 11]. 

During the past decades, the nominal power of wind 

turbines has grown significantly, and today the biggest 

operational turbines are within the magnitude of 6 to 7 

MW. Wind turbines with a power rating of 10 MW and 
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beyond are under design. The offshore market is lucrative 

for high power wind turbines, in particular, as greater and 

remote areas enable siting large wind farm projects, and 

the offshore logistics of large components is smooth 

compared to onshore logistics. On the other hand, offshore 

wind power involves higher investment and operation costs 

than inland wind power, but the bigger power generating 

units diminish the cost  gap [2, 9]. However, due to for 

examble the scale of economics  the offshore wind cost of 

energy is expected to decline by one third beyond 2014 

[12, 13]. 

The global installed cumulative wind power 

capacity was about 200 GW in 2010, and it consisted 

mostly of onshore installations. The cumulative market is 

predicted to reach 1100 GW by 2020. The biggest 

cumulative markets in 2010 were China and the USA, 

followed by Germany and Spain. The biggest turbine 

manufacturer in 2010 was Danish Vestas with sales of 

about seven billion euros. Among the top ten suppliers 

were four Chinese manufacturers that had grown rapidly, 

as had the Chinese market [14]. The offshore wind power 

market is still in its infancy, but the market is emerging 

rapidly. The world’s cumulative installed offshore capacity 

is predicted to reach 75 GW by 2020 mostly in Europe, 

followed by Asia, particularly China, and the USA. The 

leading offshore suppliers in 2010 were Siemens and 

Vestas [12]. The key turbine manufacturers implement 

various supply chain strategies: most of the manufacturers 

produce at least some of the key components in-house, 

while the remainder is outsourced to a supply chain. 

However, some firms, such as GE Wind and Goldwind buy 

most components, while e.g. Enercon produces virtually 

everything in-house. Globalisation has been a general trend 

among the manufacturers, since it is viable to produce  

large-size components close to the main markets. 

Globalisation and consolidation among the manufacturers, 

meaning mergers and acquisitions, will propably remain 

the trend also in the future [15]. 

 

3. The significance of collaboration to new entrants 

 

A firm’s resources, especially when they are val-

uable, rare, inimitable and non-substitutable, i.e. when they 

fulfill the VRIN-conditions, tend to provide sustainable 

competitive advantage, and thus enable the firm to find 

optimal product-market activities [4-6, 16, 17]. Firms’ 

competences are based on various resources that can be 

regarded as building blocks of enterprise capabilities and 

competencies. Core competences are a unique collection of 

competences that cross strategic business unit boundaries, 

are widespread in the firm, and are formed from the collec-

tive learning of the organization. Core competences pro-

vide access to a variety of potential markets, they contrib-

ute significantly to customer satisfaction and the compa-

ny’s end products, and they are difficult for others to rec-

ognize and imitate. Core competences are also rare, and 

typically even diversified corporations have only a few 

fundamental core competences. A company’s long term 

competitiveness derives from systematically built core 

competences and company strategies, and the competences 

are also strongly interrelated [18, 19]. It is vital for compa-

nies to integrate the company strategies and core compe-

tences. As a conclusion, companies should  integrate their 

overall business strategy, core competences and key tech-

nologies efficiently [20]. 

 The radical geopolitical and economical changes 

during the past decades have meant that company and in-

dustry boundaries have blurred, and firms’ legal bounda-

ries differ considerably from their strategic boundaries. In 

fact, firms can achieve new innovations, growth and com-

petitive advantage by cooperating with others in value 

networks [21-23]. Through collaboration and strategic alli-

ances within the firm’s external value network, a firm can 

gain access to required capabilities by linking its own re-

sources to the partners’ complementary ones, and thus 

achieve a sustainable competitive advantage [6, 17, 24, 25]. 

A firm’s network extends both upstream and downstream 

in the value chain, integrating the firm’s suppliers, other 

manufacturers, service providers and customers. The ulti-

mate objective of the value chain is to achieve a sustaina-

ble competitive advantage for the firms within the network, 

and furthermore, today market competition takes place 

between supply chains rather than between single firms 

[26-28]. However, alliances have also constraints: accord-

ing to [29], even 30 to 70% of alliances neither meet the 

set overall goals nor deliver the operational or strategic 

purposes of their parent companies.  

After all, a broad understanding exists about the 

significance of business networks for emerging firms and 

small and medium size firms (SMEs). Business networks 

are beneficial particularly for SMEs, as they are thus able 

to acquire efficiently the resources they lack, and focus on 

their own core competences [30-32]. According to [33], 

SMEs benefit from network collaboration especially in the 

following ways:  by gaining access to new markets and 

technologies, by sharing liabilities, through exchange of 

knowledge and competences, and by protecting their intel-

lectual property rights (IPR). [34] complements that value 

chain cooperation offers a valuable opportunity, if not the 

only path,  for SMEs to participate in commercially viable, 

but at the same time challenging and risky new product 

development (NPD). New developed products should not 

only meet the customer requirements and be competitive, 

but their time-to-market should be fast and timely [35], and 

appropriate partners can help SMEs with these challenges. 

[36] suggests that a successful partner selection requires 

technological, strategic and relational alignments. Techno-

logical alignment includes appropriate technical ability and 

resources, as well as a complementary knowledge basis 

and market knowledge. Strategic alignment is composed of 

correspondence motivation and goals. Relational alignment 

calls for a long-term orientation, an ability to change and a 

compatible culture. [29] confirms that positive partner 

characteristics include partner complementarity, commit-

ment and compatibility.  

 

4. Research design and data 

 

The empirical study was executed as a single case 

study. According to [37], a case study is actually not a 

methodology, but rather a research strategy that concen-

trates on increasing the understanding of present dynamics 

within a single setting. Case studies also typically combine 

diverse data collection methods, such as interviews, ques-

tionnaires, observations and archives. [38] confirms this 

and defines a case study as a research strategy that investi-

gates a contemporary phenomenon within its real world 
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context. [39] describes a case study as an exploration of a 

bounded system that can be defined in terms of time and 

place, and through detailed, in-depth data collection, in-

volving multiple and rich sources of information.  

The analyses of the firms were based on financial 

data, a patent analysis, a literature review and experts’ po-

tential partner assessments, which were gathered in order 

to answer the research question: “What kind of key players 

operate in offshore wind power business, and how can new 

entrants execute their market entry?”  

The primary source for acquiring the list of off-

shore wind turbine suppliers was an international consult-

ant’s report [12] that was further augmented by expert 

knowledge. The financial data of the firms was collected 

from international information providers’ [40, 41] data 

bases, and it was augmented by a national information 

provider’s [42] data bank. The potential industrial partner 

assessment was executed by a group interview of seven 

industry experts and academics, conducted in a group deci-

sion support systems (GDSS) laboratory using [43] soft-

ware. A patent analysis, and a literature review of the 

firms’ Internet home pages and the [44] data base comple-

mented the experts’ personal knowledge of the wind tur-

bine players. The experts’ long experience and knowhow 

from wind power industry and research greatly contributed 

to the research results. 

 

5. Empirical analysis 

 

The empirical results of the research are a synthe-

sis of financial and patent analyses, a literature review and 

partner assessment described in the following. The firms 

were divided into three groups: leading players, new en-

trants and potential partners. 

 

5.1. Financial and patent analyses 

 

There were altogether 36 firms in the analysis. 

Adequate financial data in the data banks [40-42] was 

available for 18 of these firms. Some of the firms were part 

of a group of companies, and in case the financial figures 

of a subsidiary were not available in the data banks, the 

analyses were based on the line of business of the group or 

the group figures. The financial statements of the firms of 

the years 2006-2010 were analysed. Based on [45], while 

evaluating the firms’ financial performance, the return on 

invested capital (ROIC) was regarded as good if it was 

over 15% and satisfactory if it was below 15%. A negative 

ROIC was evaluated as weak. Accordingly, an equity ratio 

of over 40% was regarded as good, 20 to 40% as satisfac-

tory and below 20% as weak. The quick ratio, showing a 

firm’s short-term liquidity, over 1 was rated good, 0.5 to 1 

satisfactory and below 0.5 weak.  

The results revealed that the players were large 

size enterprises with the net sales of all firms on average 

8377 M€ and the total assets 11799 M€ in 2010. Although 

the average annual growth of the firms during the  five-

year-period was rapid (27.73%), the average annual profit-

ability was good, yielding 8.19% earnings before interest 

and tax (EBIT) and 16.73% ROIC. The equity ratio 

(27.73%) was satisfactory, meaning relatively high lever-

age, i.e. a high share of loan capital. The quick ratio (0.77) 

was on a satisfactory level. The profitability of potential 

partners was the best of the different groups of firms, 

yielding 9.14% average annual EBIT and 23.45% average 

annual ROIC during the five-year period. The equity ratio 

(22.78%) was satisfactory, but the lowest of the studied 

company groups. The standard deviation (STDEV) in most 

of the studied factors and company groups was relatively 

high, revealing non-homogeneous company groups. This 

became evident in particular as the financial data for all 

subsidiaries were not available, and the data of the entire 

group (e.g. Areva) or the line of the business (e.g. 

Mitsubishi, Samsung, Hyundai) had to be used instead. All 

in all, the wind turbine players have grown rapidly, main-

taining good profitability at the same time. The equity and 

quick ratios are on a satisfactory level. The financial re-

sults of the firms are summarized in Table 1.  

 

Table 1 

Financial performance and patenting activity of wind turbine suppliers 

 All firms 

(N=18) 

Leading actors 

(N=6) 
 

New entrants 

(N=9) 

Potential partners 

(N=8) 

Net Sales 2010, MEUR, Average 

(STDEV) 

8377 

(8684) 

3753 

(3406) 

10299 

(10282) 

6919 

(6822) 

Growth % 5 Yr Average 

(STDEV) 

27.73 

(22.20) 

36.67 

(27.06) 

24.87 

(19.94) 

30.11 

(26.71) 

EBIT % 5 Yr Average 

(STDEV) 

8.19 

(4.92) 

8.36 

(5.83) 

8.20 

(4.74) 

9.14 

(5.27) 

Total assets 2010, MEUR, Average 

(STDEV) 

11799 

(11904) 

8178 

(12576) 

13183 

(11844) 

9623 

(8990) 

Equity %, 2010, Average 

(STDEV) 

27.73 

(11.06) 

34.50 

(11.11) 

26.98 

(7.26) 

22.78 

(13.97) 

ROIC % 5 Yr Average 

(STDEV) 

16.73 

(13.38) 

16.35 

(9.00) 

13.81 

(9.09) 

23.45 

(16.70) 

Quick Ratio 2010, Average 

(STDEV) 

0.77 

(0.28) 

0.82 

(0.34) 

0.72 

(0.21) 

0.84 

(0.37) 

Patent count 2004-2010 

(wind motors) 

4983 

(344) 

3559 

(486) 

1000 

(204) 

424 

(109) 
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Intellectual property (IP) has come to the front 

line of corporate strategies for success. Patents protect ide-

as, trademarks protect brands, copyright protects expres-

sion, and trade secrets protect the “secret sauce” of internal 

processes that have not yet been made public. Intellectual 

property, especially patents related to technological inno-

vation, is at the heart of today’s wind energy. Typically the 

first step to mapping the IP landscape of any industry is to 

create a comprehensive database of patents within the 

technological sphere of that industry. International Patent 

Classification (IPC) symbols were used to identify relevant 

records in the databases (Table 2). IPC symbols have the 

advantage of being language-independent and generally 

assigned to patent applications in a uniform manner across 

different countries. According to [46-48], patents with IPC 

class “F03D” belong to the field of wind energy.  

Table 2 

International Patent Classification (IPC) system 

Subdivision 

 

Number of  

subdivisions 

Example of an ICP code 

Symbol Title 

Section 8 F Mechanical engineering; Light-

ing; Heating; Weapons; Blasting 

Subsection 21 

 

F0 Engines or pumps 

Class 120 F03 Machines of engines for liquids; 

wind, spring, or weight motors 

Sub-class 

 

628 F03D Wind motors 

Main group ca. 6 900 F03D 1/00 Wind motors with rotation axis 

substantially in wind direction 

Sub-group ca. 70 000 F03D 1/06 … having a plurality of rotors 

 

In the patent analysis, the leading players were 

complemented with the conglomerates Siemens Wind and 

GE Wind, which are both active in the wind energy busi-

ness. Due to the difficulties of getting reliable data, some 

firms were excluded from the analysis. Altogether, the 

analysis included 4983 wind motor patents made in the 

years 2004-2010 (Table 2). The leading actors made over 

70% of all these patents (Fig. 1).        

 

 
 

Fig. 1 Patenting activity 

Of the leading actors, four major companies (GE 

Wind, Vestas, Siemens Wind, Repower), based in coun-

tries with highly developed wind power industries con-

trolled the technologies as measured by patenting activity 

(Fig. 2). These companies had established themselves as 

technological leaders. The Chinese firms’ patenting activi-

ty had been extremely low.  
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Fig. 2 Relative share of the leading actors in patenting 

Overall, GE Wind had 1390 patents related to 

wind motor (F03D) technology in the years 2004-2010, 

Vestas had 840 patents, Siemens Wind 474 patents, and 

Repower 528 patents. The patent application count of the 

major actors, especially GE, Vestas, and Siemens, reveal a 

boom in wind technology patenting after the year 2006 that 

has continued to the present day.  

 

5.2. Potential partner selection 

 

For the new spin-off firm to be able to develop 

and commercialize the novel wind turbine generator fur-

ther in collaboration, potential industrial partner assess-

ment was executed in the GDSS laboratory using [43] 

software. Six experts from the wind turbine business, in-

cluding two professors, participated in the group decision 

session. The financial data, the patent analysis, the litera-

ture review of the firms’ Internet home pages, and the [44] 

data base complemented the experts’ personal knowledge 

of the wind power market actors. 

The participants’ preliminary preparation for the 

group decision session began by getting acquainted with 

prepared materials. The session began by checking the 

components of the decision criterion – potential partner 

matrix, i.e. selecting the decision criterion and the potential 

partners to be assessed. The proposed components were 

discussed, justified and accepted to the matrix after a con-

sensus was found. Totally 10 decision criteria and 12 firms 

(of the initial 36) were selected into the matrix, after which 

priorization of the criteria by the scale 10-1 (10 = highest 

priorization; 1 = lowest priorization) was executed. The 

potential partner’s evaluated collaboration strategy and 

appropriate business culture received the highest scores, 

followed by a firm’s strong intent to enter the offshore 

market and a strong financial position. Table 3 illustrates 

the priorization of the criteria. 

 

Table 3 

Partner decision criteria 

Decision criteria Final weighted  

score 

Collaboration strategy 8.67 

Business culture and easy communication 8.67 

Strong intention to enter offshore market 8.17 

Strong assets, equity, cash flow, resources 7.00 

Broad international presence 6.50 

Capability to carry risky investments 6.50 

Appropriate technology roadmap  6.33 

Extensive market and technology knowhow 6.17 

Challenger in offshore market 6.17 

Appropriate global production strategy 5.50 

 

Next, voting of the whole matrix took place, and 

the firms were assessed by the scale 5 to 1 (5 = highest fit 

to a criterion; 1 = lowest fit to a criterion). The scores re-

ceived by the firms, multiplied by the weighted decision 

criteria produced the final results. After discussions and 

consensus among the participants, the final results revealed 

that six of the 12 firms had received clearly higher overall 

scores than the rest.  Firms 1, 2, 4, 5, 9, and 11 received in 

total about 250 scores or more, whereas the rest of the 

firms had about 200 or less overall scores. The results indi-

cate that the expert assessment complemented by the earli-

er financial, patent and literature analyses suggest the six 

firms with high scores to be the most potential candidates 

to begin collaboration negotiations with. Fig. 3 illustrates 

the partner assessment results. 
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Fig. 3 Results of potential collaboration partner assessment 

 

6. Results discussion and conclusions 

 

The global climate change, the predicted increase 

in energy consumption, and the finiteness of current prima-

ry energy resources have increased the importance of im-

proved energy efficiency, as well as the exploitation of 

renewable and thus more sustainable energy sources. Wind 

appears practically everywhere, and the world’s wind en-

ergy resources are extensive, providing opportunities for 

exploiting both onshore and offshore wind power widely. 

Offshore wind power generation is still in its infancy, but 

the market is emerging rapidly.  

The resources and competences of small spin-off 

firms are scarce, and therefore the commercialization of a 

product under development, and eventually a successful 

market entry is commonly rational to execute in collabora-

tion with industry incumbents. This study found large scale 

wind turbine manufacturers in the offshore market that 

could be divided into three groups: leading players in the 

offshore markets, new entrants, and potential collaboration 

partners. In spite of the fast growth during the period 2006-

2010, the firms had been capable of maintaining good 

profitability as well as satisfactory solvency and liquidity 

levels.  

Intellectual property– especially patents related to 

technological innovation – is at the heart of today’s wind 

energy. The results revealed a boom in wind technology 

patenting continuing to the present day in the patterns of 

patenting after the year 2006. The leading actors seemed to 

be dominating wind power technologies throughout the 

period 2004-2010.   

Further, a group of wind energy experts selected 

the most potential industrial partners for the spin-off firm 

from a sample of turbine manufacturers, by utilizing GDSS 

software. The initial partner selection criteria emphasized 

the importance of an appropriate collaboration strategy and 

business culture of the partner, as well as a strong intent to 

enter the market and a healthy financial position. 

The study provided evidence of the importance of 

collaboration, especially for SMEs that often have scarce 

resources and competences, and hence could benefit signif-

icantly from collaboration with other actors. As practical 

implications, the study indicated the key players within the 

industry and the most potential partners to begin collabora-

tion negotiations with. The practical negotiations could be 

set in motion when the development project is in an appro-

priate stage and the intellectual property rights of the spin-

off firm are secured. The to some extent limited financial 

and patent data can be regarded as the main limitations of 

the study. It might be beneficial to augment the partner 

assessment in the future by an extended number of experts, 

and to study the patent portfolio of the offshore wind tur-

bine manufacturers more deeply. Further, it could be of 

significance to study the influences of modular design and 

mass customization issues on a successful market entry of 

a high-power wind turbine generator. 
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ĮSILIEJIMAS BENDRADARBIAUJANT Į ATVIROJE 

JŪROJE ESANČIŲ VĖJO JĖGAINIŲ RINKĄ  

R e z i u m ė 

Didėjantis supratimas apie klimato kaitos grėsmę 

ir iškastinio kuro atsargų stoką ateityje, verčia daugelį šalių 

pradėti ieškoti energijos šaltinių alternatyvos. Vėjas atsi-

randa bet kurioje mūsų planetos vietoje ir vėjo energijos 

panaudojimo technologija, ypač atviroje jūroje esančiose 

vietovėse, vis labiau tampa patraukliu sprendimu. Šio 

straipsnio tikslas – analizuoti svarbiausius veiksnius reali-

zuojant vėjo energiją atviroje jūroje esančiose rinkose ir 

įvertinti, kaip nauji rinkos dalyviai su savais produktais 

galėtų įsilieti į ją ir net tapti jos dalyviais. Šis įvertinimas 

grindžiamas literatūros šaltinių apžvalga bei finansinių, 

patentinių ir įvairių partnerių potencinės galios analize. 

Gauti rezultatai atskleidė šios rinkos lyderių bei naujų da-

lyvių ir pretendentų, ypač mažųjų, bendradarbiavimo gali-

mybes, komercializuojant naujus minėtos technologijos 

gaminius. 
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COLLABORATIVE ENTRY INTO THE OFFSHORE 

WIND POWER MARKET 

 

S u m m a r y  

 

The increasing awareness of climate change and 

the scarcity of fossil fuel reserves have made many nations 

consider energy alternatives. Wind appears everywhere on 

the globe, and wind power technology, including offshore 

wind power could offer a qualified solution. The objective 

of this paper is to analyze the key actors in the offshore 

wind power markets, and to evaluate how new entrants 

with novel products could enter the market. The evaluation 

is based on a literature review and financial, patent and 

potential partner analyses. The results reveal the leading 

players, new entrants and challengers, in collaboration with 

whom a new small-scale entrant could execute the com-

mercialization of novel products.  

 

Keywords: offshore wind power technology, financial 

assessment, patent analysis, collaboration, partner selec-

tion, renewable energy. 
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Abstract A broad scientific consensus exists that the global 
climate is changing. The Earth’s surface temperature could 
rise significantly over the next few decades, leading to us 
witnessing  an  entirely  new  and  unknown  planet. 
Improved energy efficiency, decreasing use of fossil fuels 
and wide diffusion of various  renewable energy  sources 
are among the focal measures to limit global warming to a 
sustainable  level. The objective of this study  is to analyse 
how  renewable  energy,  such  as  wind  power  and 
bioenergy,  could  be  efficiently  commercialized.  The 
evaluation  is based on  a  case  study  and  expert analyses 
exploiting  lateral  and  parallel  thinking  methods,  and 
group decision  support  systems  tools. The  results  reveal 
that  some  of  the  generated  ideas  are  ready  for 
implementation  to  commercialize  renewable  energy, 
whereas  others  still  require  technical  and  commercial 
development, and improvements before maturity. 
 
Keywords Commercialization, Wind Power, Bioenergy, 
Renewable Energy, Climate Change 

 
1. Introduction 

The  demand  for  renewable  energy  (RE),  the  threat  of 
global warming  and  climate  change,  and  the question 

of  how  to  make  the  long  transition  to  an  economy 
based  on  fossil‐fuel  alternatives  are  concerns  for  all 
societies  [1].  The  United  Kingdom,  for  example, will 
have  to generate  about  40% of  the  required  electricity 
from  renewable  sources  by  2020,  in  order  to  comply 
with  the  legally  binding  European  Union  targets  [2]. 
There  is  a  wide  scientific  consensus  that  the  Earthʹs 
climate is changing and this phenomenon has become a 
worldwide concern. The global surface temperature has 
increased by about 1°C during the last century and the 
temperature will most likely increase further during the 
next hundred years. However, the temperature increase 
could  be  potentially  limited  to  about  two  degrees 
provided  that  the  carbon  dioxide  (CO2)  equivalent 
concentration  in  the atmosphere  can be  limited  to 450 
parts per million (ppm) [3]. The world’s primary energy 
use  is  predicted  to  increase  during  the  next  decades, 
reaching  a  total  energy  consumption  of  about  50% 
higher  in 2050  than  today. The key drivers behind  the 
development  are  the  increase  in  population  and 
expected gross domestic production (GDP) increase [4]. 
If  mankind  does  nothing  to  prevent  the  global 
temperature increase and continues to consume energy 
and  fossil  fuels  in  a  “business  as  usual” manner,  [5] 
foresees a 130% rise in CO2 emissions by 2050. Such an 
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increase  in  emissions  could  raise  the  global  average 
temperature  by  6°C  or  more,  resulting  in  significant 
impacts on all aspects of life and irreversible changes in 
the environment.  
 
In spite of the huge challenges that the mankind faces, 
the climate change issue can be solved in such a manner 
that global warming  can be  limited perhaps  to  two or 
three  degrees,  especially  before  the  “tipping  point” 
when  the warming  phenomenon  itself may  accelerate 
the warming.  There  are  enormous  resources  of wind 
energy globally to be harnessed into energy production 
and  biomass  utilization  can  also  be  increased 
significantly.  The  overall  energy  efficiency  could  be 
improved,  e.g.,  by  using  smart  grids,  novel  energy 
storage  systems  and  electric  vehicles.  Technological 
solutions  exist  for  solving many  of  the  problems  and 
sustainable solutions can most certainly be invented for 
the  rest.  The  biggest  hindrances  preventing 
development  seem  to  be  human  behaviour  and  the 
desire  to  increase  personal  prosperity.  In  general,  the 
reluctance  of  politicians  to  support  the  diffusion  of 
renewable  energy  by  consistent,  long‐term  policy 
increases the challenge [3, 6]. 
 
Environmental  concerns  and  the  predicted  global 
increase  in energy demand are  the key drivers behind 
the growing wind  energy markets. A more  significant 
part of the gigantic global wind resources could well be 
harnessed  to  supply  the  increasing demand of  energy 
[7]. Also  decentralized,  biofuelled  combined  heat  and 
power  production  (CHP)  could  offer  a  qualified, 
sustainable solution for the growing energy demand in 
many  regions.  It  is  appropriate  to  implement  novel 
technologies utilizing  forest biomasses above all  in  the 
regions  that  possess  sufficient  natural  resources 
enabling their sustainable exploitation [8].  
 
In  this paper we use  the case study approach  to study 
how  renewable  energy  (wind  power  and  biomass) 
could  be  efficiently  commercialized.  Expert  group 
assessments  exploiting  Edward  de  Bono’s  [9]  lateral 
thinking models  and  group  decision  support  systems 
(GDSS)  tools were  carried  out  in  order  to  answer  the 
research  question:  “How  to  get  wind  and  biomass 
electricity commercialized in the Nordic countries by 2030?” 
This  paper  focuses  on  the  key  concepts  behind  the 
development  of  renewable  wind  and  biomass 
technologies  and  emphasizes  the  acceleration  of  the 
commercialization  of  these  technologies.  The  research 
reveals  that  the  de  Bono methods  and GDSS  provide 
powerful  tools  for  facilitating  idea  generation  and 
innovative thinking in expert organizations. Among the 
generated  ideas,  four were  selected  for more  in‐depth 
analysis: modular mass production units,  electric  grid 
investment support, electric cars as energy storage and 
home energy control systems. The results  indicate  that 
many  issues  in  commercializing  renewable energy are 

already quite ready for implementation, whereas others 
still  require  technology and  system  level development 
especially  and  predictable  long‐term  government 
subsidies. 

2. Wind power and bioenergy 

Hydro  power,  solar‐  and  geothermal  energy,  wind 
power  and  bioenergy  can  be  regarded  as  renewable 
energy.  Hydro  power  has  been  exploited  for  a  long 
time and  its  further harnessing  is challenging  in many 
countries.  The  other  renewable  technologies  have 
varying  maturity  and  all  of  them  have  significant 
diffusion potential globally.  In  this research renewable 
energy  generation  is  limited  to  wind  energy  and 
distributed  small‐scale  CHP‐production  using 
bioenergy. 

2.1 Wind power 

The world’s wind resources are tremendous: it has been 
estimated  that  utilizing  only  one  fifth  of  the 
economically  viable  global  inland wind  resources  for 
power  generation  would  have  exceeded  the  world’s 
electricity  consumption  in  the  year  2000  seven  times 
over [7]. Studies by the European Environment Agency 
(EEA) also claim that the technical potential of offshore 
wind  in Europe  is  six  to  seven  times greater  than  the 
predicted  electricity demand in Europe in 2020 [10]. 
 
The most common design of a modern wind turbine is 
the  horizontal  axis  wind  turbine  (HAWT)  with  the 
rotation  axis  parallel  to  the  ground.  The  major 
components of  a HAWT  include  a  rotor  (containing  a 
hub  and  typically  two  or  three  blades),  a  nacelle 
(including  a  generator,  the main  frame,  a  drive  train 
containing  rotating  parts,  such  as  the main  shaft  and 
possibly a gearbox and  control and electrical  systems) 
and a  tower and  foundation. During  the past decades 
the nominal power of wind turbines has grown notably 
and  today  the  biggest  operational  turbines  are  6  to  7 
MW  in  size. Wind  turbines with a power  rating of  10 
MW and beyond are under design [11].  
 
The  global  installed  cumulative wind  power  capacity 
was  about  240  GW  in  2011,  consisting  mostly  of 
onshore  installations.  The  cumulative  market  is 
predicted  to  reach  1000  GW  by  2021.  The  biggest 
cumulative markets  in 2011 were China and  the USA, 
followed  by  Germany  and  Spain.  The  biggest  wind 
turbine manufacturer  in  2011 was Danish Vestas with 
sales  of  almost  six  billion  euros.  Among  the  top  ten 
turbine  manufacturers  were  four  Chinese  firms  that 
had grown rapidly, as had the Chinese market [12]. 

2.2 Bioenergy 

Biomass  accounts  for  approximately  10%  of  the  total 
primary  energy  consumed  globally,  and  for  80%  of 
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renewable energy. However, not all of this is used in a 
sustainable  manner  [13].  In  this  paper,  electricity 
production  by  bioenergy  is  limited  to  distributed 
(small‐scale)  combined  heat  and  power  production 
(CHP)  that  uses  biomasses,  such  as  woodchips  from 
logging residue. The technologies for commercial small‐
scale CHP production are mostly based on combustion 
technologies.  A  biofuelled  CHP‐plant  consists  of  a 
boiler,  firing  unit,  turbine,  biofuel  storage  and 
conveyor, as well as automation  [14].   The principle of 
combined heat and power production has been known 
for  a  long  time,  and  since  the  beginning  of  the  20th 
century  a  number  of  units  have  been  in  operation. 
However, commercial small‐scale CHP technologies are 
still  under  development  today.  CHP  contains  the 
following  essential  elements:  simultaneous  heat  and 
electricity production, high efficiency performance and 
proximity  of  the  energy  production  unit  to  the 
customers [15]. 
 
Potential customers for small‐scale bio‐CHP technology 
using  forest  biomasses  include  farms,  greenhouses, 
small  and medium  size  enterprises  (SMEs),  real estate 
outside urban  areas  and district heating plants. These 
may operate fairly independently or cooperate actively 
e.g.,  in  joint  forest  biomass  harvesting,  transportation 
and  refining  to  wood  chips.  Further,  they  may  also 
collaborate  with  various  service  providers,  such  as 
maintenance  firms  and  plant  and  component 
manufacturers [16]. 

3. Methods and results 

3.1 Innovation methods 

The research was conducted with a case study strategy, 
where  Edward  de  Bono’s  Lateral  Thinking  Ideation 
Model  was  utilized  along  with  GDSS  tools  and 
methods.  
 
[17] describes  a  case  study  as  a  research  strategy  that 
typically  combines  diverse  data  collection  methods, 
such  as  interviews,  questionnaires,  observations  and 
archives.  [18]  states  that  a  case  study  investigates  a 
contemporary  phenomenon  in  the  real world  context. 
According  to  [19],  a  case  study  is  an  exploration  of  a 
bounded system that can be described in terms of time 
and  place,  through  detailed,  in‐depth  data  collection, 
involving multiple and rich sources of information. [20] 
emphasizes the importance of selecting a typical sample 
in a case  study and an extraordinary  sample only  if  it 
could reveal unique and valuable characteristics  to  the 
research. 
 

The de Bono model is divided into two phases: (a) idea 
generation  only  and  (b)  selection,  development, 
refinement  and  combination  of  ideas  (Figure  1).  The 
idea  generation  phase  requires  individual  idea 
generation, whereas  the  latter  parts,  preliminary  idea 
selection  and  idea  development,  refinement  and 
combination, are executed  in collaboration with all  the 
participants.  An  idea  is  defined  as  a  specific way  of 
doing something  that can be  implemented  in concrete. 
A concept above the idea, on the other hand, is a more 
general approach that cannot be  implemented alone as 
such [9]. 
 
The  benefits  of  group  work  include  the  following: 
groups  are  better  than  individuals  at  understanding 
problems,  catching  errors  and  balancing  risks. Group 
work  may  stimulate  the  participants  and  a  group  is 
more knowledgeable than individuals. Computer‐aided 
GDSS has been carried out since the middle of the 1980s 
and  typically a  computerized decision  support  system 
speeds  up  the  process,  increases  productivity  and 
provides  technical  and  quality  support.  Collaborative 
computing  technology  enables a group  to work  either 
at the same time in the same or a different place, or at a 
different  time  in  the  same  or different place, utilizing 
not  only  computers  with  sophisticated  software,  but 
also  whiteboards,  smart  boards,  E‐mails,  V‐mails, 
multimedia  and  video‐,  audio‐  and  computer 
conferencing.  The  benefits  of  GDSS  include  the 
following: parallel and  simultaneous work enables  the 
participants  to  simultaneously  learn  and  discuss, 
anonymous  working  hinders  connecting  the  ideas, 
comments,  and  votes  among  persons,  individuals 
cannot  dominate  the  discussion  and  the  software 
memory records all information [21, 22]. 
 
In  this  research,  the  objective  was  to  answer  the 
research  question:  “How  to  get  wind  and  biomass 
electricity commercialized in the Nordic countries by 2030?” 
Altogether  17  international  energy  experts  from  a 
university  and  various  companies  contributed  to  the 
research  in different phases. In the first phase, a group 
of 11 experts including two professors and two doctors 
of  technology  generated  ideas  to  respond  to  the 
objective. After the first individual ideas, a concept was 
determined, after which new potential ideas within the 
concept  were  identified.  The  idea  generation  then 
continued by using the objective/idea/concept – triangle 
and  finally  the  ideas  and  concepts were  placed  on  a 
concept fan by using self‐adhesive notes. 
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Figure 1. Lateral thinking ideation model, adapted from de Bono (2012) 

 
In  the  second  phase,  a  preliminary  judgment  and 
selection of the concepts and ideas was executed by five 
experts,  including  two  doctors  of  technology.  Low‐
impact, impractical and overlapping ideas and concepts 
were  removed  and  the  concepts  and  ideas  were 
grouped  in  a  PESTEL  –  framework  (Political, 
Economical,  Social,  Technological,  Environmental  and 
Legal). In the third phase, the ideas were assessed by a 
group  of  8  experts,  including  one  professor  and  five 
doctors  and  conducted  in  a  group  decision  support 
systems  (GDSS)  laboratory  using  [23]  software.  The 
ideas that got the highest scores (each participant used 
the  scale  10  to  1;  10  being  the  highest  and  one  the 
lowest  value)  in  an  impact–doability  matrix  were 
discussed,  and  of  the  top  five  ideas  in  each  PESTEL 
category, four were then selected for in‐depth analysis. 
Each of the four  ideas were then analysed by using de 
Bono’s Six Thinking Hats framework. The parallel team 
thinking  framework consists of Six Thinking Hats  that 
are jointly performed within time limits set in advance, 
typically in the following order: 
 
 White  Hat  –  Information  and  data:  facts  and 

missing information about the subject 
 Yellow Hat  – Why  it may work:  objective  values 

and benefits 
 Black  Hat  –  Why  it  may  not  work:  objective 

dangers and problems 
 Green  Hat  –  Creative  thinking:  possibilities  and 

alternatives  to  reinforce  yellow  hat  values  and 
overcome black hat problems 

 Red Hat – Feelings and intuition: emotions without 
reasoning or justification 

 Blue Hat – Managing the thinking: the facilitator of 
the parallel team thinking session 

 
The  facilitator  (Blue  Hat)  managed  the  sessions  and 
discussions,  concluded  and  also  participated  in  the 
teamwork  like  the other panellists.  In  the beginning of 
each  four  idea analysis  set, one or  two experts gave a 
short  briefing  about  the  issue  before  the  White  Hat 
session. 

3.2 Empirical findings compared to earlier research 

In  the second phase of  the research,  the original  list of 
42 concepts and 15 sub‐concepts in the first phase were 
combined  to 12 concepts.   Of  the original 161  ideas 63 
were selected  for  the GDSS session.  In  the  third phase 
the  four  ideas,  which  were  evaluated  to  contribute 
significantly  to  renewable  energy  commercialization, 
were further assessed by using de Bono’s Six Thinking 
Hats  framework.  In  the  second  phase,  many  ideas 
turned  out  to  be  a  combination  of  different  PESTEL 
categories,  which  resulted  in  regrouping  the  original 
framework  into  political  and  legal,  social  and 
environmental, and techno‐economic categories. Purely 
economical  and  technological  categories  remained  as 
well.  By  definition,  a  concept  has  a  general  approach 
and  cannot  be  implemented  on  its  own.  The  results 
supported  the  theory well.  The  refined  concepts  and 
examples of ideas are presented in Table 1.  
 

 
 
 

TIME
70‐80 % 20‐30 %
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PRELIMINARY DEVELOP,
START IDEA GENERATION JUDGMENT & REFINE, COMBINE END
Idea ONLY SELECTION Idea or
Generation Ideas 
Objective to Test

IMPACT ‐
LATERAL THINKING DO‐ABILITY
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Individual Idea Generation Group Collaboration

TOOLS & METHODS
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Concepts  Examples of ideas 

Political & Legal  Ways to get subsidies and financing 
 

Supporting grid investments suitable for 
decentralized energy.  
Lighter permit procedure by removing extra phases.  

Ways to create a price for CO2 
emissions 

Developing CO2 accounting. 

Economic 
 

Ways to support small‐scale 
generation   

Building local grids. 

Ways to cut down the prices of  power 
plants 

Finding modular mass production units. 
Developing novel construction material. 

Ways to increase renewable energy 
supply 

Establishing cooperatives for energy production. 

Social & Environmental  Ways to increase environmental 
consciousness  

Teaching students from childhood for how to 
consume energy.  
Supporting people to save energy, penalties for over‐
consumers. 

Ways to get buyers for renewable 
products 

Introducing CO2 criteria for public procurement. 

Technological 
 

Ways to create new technology 
 

Developing concepts with many renewable energy 
technologies working together. 
Creating a home energy control system. 
Renewable energy stored as liquid fuel. 

Ways to develop renewable plants as 
more powerful 

Testing and piloting environment. 

Ways to develop renewable plants as 
more powerful 

Finding novel materials for power plants. 

Techno‐economic  Ways to improve the electricity grid  Installing smart meters to follow energy 
consumption.  
Easier grid access for small‐scale production.  

Ways to improve the energy storage 
system 

Electric cars as energy storage for renewable energy. 
 

Table 1. Refined concepts and examples of ideas 

3.2.1 Overall voting results 

In the GDSS session, the top  ideas were related mostly 
to  economic,  political  and  legal,  techno‐economic  and 
technological  factors.  In  the  economic  factors ways  to 
cut down  the prices of power plants, such as modular 
mass production units,  had  their  importance  assessed 
by the panellists. In political and  legal factors, ways of 
getting  subsidies  and  financing  encompassed  many 
important ideas, including grid investments suitable for 
decentralized  energy.  In  the  techno‐economic  and 
technological  factors  the  ideas were related  to ways of 
improving  energy  storage  systems  e.g.  using  electric 
vehicles as stores and ways of creating new technology 
e.g.,  home  energy  control  systems were  evaluated  as 
the  most  important  factors  for  commercializing 
renewable  energy. Next,  an overview  and  a  summary 
of the focal research results of the selected four ideas for 
more in‐depth analysis are presented.  

3.2.2 Six Thinking Hats 1: Finding modular mass production 
units 

Product  architecture  becomes  modular  when  the 
interfaces  of  functional  components  are  designed  to 
allow  component  variations  and  the  interface 
specifications  are  standardized  [24].  [25]  adds  that 
modular design enables  the addition of new  functions 

to modular units at different system levels. Modularity 
can also be split up into six different types: component‐
sharing,  component‐swapping,  cut‐to‐fit, mix, bus and 
sectional modularity.   Component‐sharing modularity 
enables  the  use  of  common  components  in  different 
products. In component‐swapping modularity different 
modules  can  be  alternatively  selected  for  standard 
products and in cut‐to‐fit modularity the modules have 
unique  dimensions,  such  as  length,  width  or  height. 
Mixed modularity appears when a combination of  the 
modules  can  be  selected  for  standard  products.  Bus 
modularity  refers  to  the  ability  to  add  one  or  more 
modules  to  an  existing  base,  such  as  track  lighting. 
Finally,  sectional  modularity  appears  when  standard 
modules can be arranged in a unique pattern like Lego 
bricks [26, 27]. 
 
Modular design has  several admitted benefits.  [28, 29] 
claim  that  modularity  is  a  prerequisite  for  ensuring 
firms’  competitive  advantage.  The  benefits  of 
modularity  include  increased  economies  of  scale, 
increased product variety, reduced time to market, cost 
savings in inventory and shorter product life cycle. It is 
also  noted  that  modular  design  decreases  product 
complexity, enables mass customization and accelerates 
product  innovation cost efficiently [28; 30]. Modularity 
also  contains  disadvantages:  the  modular  approach  
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Finding modular mass production units 
White Hat 
 
Information and data 

Modularization varies, being more widely used in mature than evolving 
businesses. Many bioenergy firms are SMEs and have inadequate resources for 
modularization. Modularity increases the reliability and functionality of products 
and improves firms’ profitability. It may increase development costs and hinder 
innovation. The car industry is an adequate benchmark for modularity. 
 

Yellow Hat 
 
Objective values and 
benefits 

Modularity improves the reliability, functionality and possibility of the variation 
and mass customization of products and systems. It enables serial production and 
improved use of business networks. It reduces production costs by increasing the 
market penetration of RE and is crucial in international business. Due to better the 
competitiveness, subsidies are no longer as critical as previously. 
 

Black Hat 
 
Objective dangers and 
problems 

Integrated solutions sometimes just offer a better fit than modularity. SMEs are not 
willing/capable to invest into modular design. Modularity may kill innovativeness 
and firms may drop behind in development and lose their market position. 
Modularity fits mature industries better than evolving businesses and it may lead 
to overdesign of products. 
 

Green Hat 
 
Creative thinking: 
possibilities and 
alternatives 

When an industry matures, its dominant design is formed and modular designs 
become more general. Modular and integrated solutions could be used in parallel 
in order to offer the best solution. Manufacturers have to develop their production 
to fit the CE‐criterion in the future and this could increase the shift to modular 
design. A global renewable modular directory board needs to be established. Best 
practices can be learned from other industries.  
 

Red Hat 
 
Feelings and intuition 

Modularity is essential in the commercialization of RE. 
 

Table 2. Results of Six Thinking Hats 1 

may create unplanned additional  fixed costs  [31],  lead 
to  overdesign  with  increased  variable  costs  [32],  or 
modular  design may  lead  to  similar  products  due  to 
constantly used common modules [33]. However, it can 
be concluded that in most cases the benefits of modular 
design overcome the potential disadvantages. 
 
In order to ensure and hasten the diffusion of the products 
and  systems  related  to  renewable energy generation,  the 
products  should  be  commercially  and  technically 
attractive.  The  economic  issue  (mean  7.13,  STD  1.81) 
achieved the 19th rank among the assessed ideas. Modular 
product design is most commonly used by bigger firms in 
mature  industries.  It  tends  to  increase  customer 
satisfaction  and  the  firms’  competitive  advantage, when 
properly  implemented.  However,  modularity  may  also 
hinder  innovativeness,  lead  to  overdesign  and  produce 
unforeseen expenses. All  in all, modularity was assessed 
as necessary  in commercializing renewable energy  in  the 
long run (Table 2). 
 

3.2.3 Six Thinking Hats 2: Supporting grid investments 
suitable for decentralized energy 

Efficient  transmission  and distribution  of  electricity  is 
crucial to the future of the world. However, the current 
electric  power  transmission  and  distribution  systems 
need to be upgraded urgently in many countries. Smart 
grids  offer  the  opportunity  to  improve  the  efficiency, 
reliability and  flexibility of electrical systems. They are 

used to integrate renewable energy sources and reduce 
transmission and distribution  losses [34, 35]. However, 
smart grids have R&D requirements and environmental 
and  energy  efficiency  issues  have  resulted  in  many 
governments  supporting  smart  grid  investments  in 
particular,  in order  to solve environmental and energy 
challenges  [36].  In  the USA,  for example,  the state and 
federal  level  politicians  and  state  officials  encourage 
local  demonstration  and  also wider  adoption  of  new 
technologies. Legislation  for  significant public  (federal 
ARRA  funds) and private  investments  into  smart grid 
demonstrations have been established. However, more 
profound energy policy analyses and tools are required 
in  order  to  support  the  required  future  grid 
investments efficiently [37]. 
 
Decentralized  electricity  generation  creates  challenges 
for  electricity  transmission,  distribution  and  storage. 
The issue defined in the political and legal category was 
ranked  5th  (mean  7.88,  STD  1.89).  The  fluctuating 
distributed  energy  generation  and  consumption  may 
require  investments  in  electricity  grid  reinforcement 
that could be significant. However, before the electricity 
storage  issues  are  mature  enough,  the  necessary 
investments  may  have  to  be  carried  out  in  order  to 
support  the  diffusion  of  renewable  energy.  Since 
different countries and electricity distribution operators 
(DSOs)  have  various  practices,  the  legislation  and 
practices should be harmonized (Table 3). 
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Supporting (government) grid investments suitable for decentralized energy 
White Hat 
 
Information and 
data 

Countries have various practices in supporting grid investments and electricity 
distribution operators (DSOs) also have ones of their own. DSOs need investment 
support from government/higher distribution charges. It was unclear whether any 
government supports grid investments. Powerful networks have already been built 
in countries like Finland. The lack of subsidies for small‐scale renewable energy 
(RE) raised concerns. 
 

Yellow Hat 
 
Objective values 
and benefits 

This idea would probably work, because the social acceptability of RE for 
consumers and politicians has improved. If grid investments become easier, RE 
investments will be more common. If the government supports grid investments, 
DSOs have incentives to connect RE into the network. EU energy efficiency 
commitments have set targets that motivate grid investments.  
 

Black Hat 
 
Objective dangers 
and problems 

The financial crisis of the EU has diminished the support for new investments and 
can slow down technology R&D. Government support is too expensive, especially 
with wrongly determined/directed subsidies. DSOs do not have incentives to 
improve grid investments. Network investments e.g., for offshore wind, are 
remarkable. The present electricity price is too low.  
 

Green Hat 
 
Creative thinking: 
possibilities and 
alternatives 

As a part of energy efficiency, residential customers could produce their own 
electricity to avoid network investments. Locating RE should create criteria for 
network planning. Big energy companies should tolerate small‐scale production as 
pioneers in the changing operational environment. Optimized electricity use could 
help avoid network reinforcements. The best solutions should be learnt from other 
industries. The RE grid connection should be congruent with all DSOs. Strict 
legislation for electricity markets is needed.  
 

Red Hat 
 
Feelings and 
intuition 

Supporting grid investments was considered a good idea. 
 

Table 3. Results of Six Thinking Hats 2 

3.2.4 Six Thinking Hats 3: Electric cars as energy storage for 
renewable energy 

The  energy  efficiency  of  the  electric  grid  can  be 
improved and the load peaks during peak hours can be 
cut  by  utilizing  energy  storages  and  electric  vehicles 
(EVs) with  smart  vehicle‐to‐grid  (V2G)  characteristics 
provide a qualified  solution  to meet  this  target. Large 
adoption of EVs with improved battery technology will 
eventually  decrease  the  prices  of  energy  storage 
systems, and cut the distribution fees of electricity end 
users. On the other hand,  if smart grid development  is 
neglected, huge investments will be needed to reinforce 
the  aging  electricity  grid  infrastructure  [34]. 
Investments  in  the smart grid are especially  important 
when  increasing  renewable  energy,  such  as  wind  or 
solar power, in the energy generation portfolio, as these 
intermittent  renewable  resources  are  not  fully 
predictable and have a  tendency  to  fluctuate    [36, 38]. 

Wide  utilization  of  EVs  as  decentralized  energy 
resources will efficiently cut the grid peak loads, but the 
implementation of  the system still requires remarkable 
technological  development,  especially  in  control 
systems [34]. 
 
The increasing volume of distributed and intermittent 
renewable  energy  requires  storage  to  be  able  to 
balance  demand  and  supply.  The  techno‐economic 
idea  (mean  7.88,  STD  1.46)  received  the  6th  rank 
overall.  The  use  of  electric  vehicles  (EVs)  as  energy 
storage  is  an  encouraging  future  issue. The diffusion 
of  EVs  has  to  increase  significantly  and  battery 
technologies,  charging  and  smart grid  issues have  to 
be  developed  before  this  idea  can  be  widely 
commercialized (Table 4).  
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Electric cars as energy storage for renewable energy 
White Hat 
 
Information and 
data 

The required network investments and technology cause concern. The systems 
could work in the private sector and in cities, where electric vehicles (EV) can 
operate. Plug‐in and battery technologies have developed rapidly and China is a 
leading country in developing EVs. The number of EVs and the battery technology 
may set some limitations.  
 

Yellow Hat 
 
Objective values 
and benefits 

A number of EVs are already in use and more will come onto the markets. The 
batteries of EVs could work as stores for renewable energy. The system could 
provide new business opportunities and models. Finland could be a pioneer in 
R&D due to their car‐heating infrastructure. The stores can level out consumption 
and production peaks and secure electricity supply during blackouts. Smart 
charging and a smart grid environment will improve the development of EVs and 
storages.  
 

Black Hat 
 
Objective dangers 
and problems 

The EVs and the whole system are still too expensive. The number of EVs is far too 
small at the moment and the volume will not increase enough by 2030. The 
initiatives for buying an EV are not enticing. There are still many uncertainties and 
safety problems. The storage capacity of cars is too small compared with the 
capacity of wind turbines. The batteries incur environmental problems and are not 
developing fast enough. The charging of EVs is too slow.  
 

Green Hat 
 
Creative thinking: 
possibilities and 
alternatives 

The panellists suggested tax incentives and more charging points for EVs, in 
addition to exchange batteries at service stations. Public transportation should be a 
pacesetter and the national transport associations could promote EVs. Different 
kinds of hybrid and electric vehicles are needed. The size of cars could provide 
possibilities. Smart grid development is an extremely important issue.  
 

Red Hat 
 
Feelings and 
intuition 

A positive idea, but the topic is not yet current. Many issues should be solved 
before using EVs as energy storages. The smart grid environment will create a 
basis for this. 
 

Table 4. Results of Six Thinking Hats 3 

3.2.5 Six Thinking Hats 4: Creating home energy control 
systems 

A  smart  grid  utilizes  information  and 
communication  technologies  (ICT)  in  two‐way 
communication  between  customers  and  power 
companies,  in order  to optimize  energy distribution 
and  consumption.  Intelligent  home  energy  control 
systems,  or  smart  meters,  measure  power 
consumption,  communicate  with  smart  home 
appliances  and  are  capable  of  optimizing  energy 
consumption  and  variable  electricity  tariffs  [36,  38, 
39].  The  European  Union  (EU),  for  example,  has 
introduced  directives  binding  the member  states  to 
implementing  instruments  and  systems  to measure 
energy  consumption  and  efficiency.  Smart  home 
energy  control  systems  are  offered  to  the market  at 
an  increasing pace. However, many devices are  still 
under  field  testing  and  further  development  is 
needed  before  the  systems  can  fully  contribute  to 
environmental  and  energy  efficiency  issues.  The 
most  important  driver  for  consumers  to  implement 
smart  home  energy  control  systems  are  financial 
benefits  in  terms  of  variable  electricity  tariffs  based 
on  demand  and  grid  conditions.  The  biggest  
 

hindrances  are  related  to  consumers’  limited 
willingness to change their routines and behaviour in 
order to optimize energy use [38]. 
 
Home  energy  control  systems  increase  consumers’ 
overall  knowledge  about  energy  issues,  encourage 
them  to  save energy and most probably  increase  their 
use  of  renewable  energy.  The  technological  idea 
received the 3rd  rank, with an average value of 8.63 and 
STD  1.30  in  the  assessment.  Versatile  home  energy 
control  systems  are  already  commercial  and  their 
implementation does not require any special resources. 
The  systems  are  still  expensive  and  may  be 
technologically  vulnerable,  but  mass‐production  and 
large‐scale  implementation  will  eventually  increase 
their  reliability  and  usability  and  lower  the  prices. 
Detailed results are illustrated in Table 5. 
 
All  in all,  the  results  supported  the  findings of earlier 
research  rather  well.  Among  the  ideas,  modular 
product  design,  EVs  as  energy  storage  and  home 
energy  control  systems  had  the  closest  fit  with  the 
previous research. 
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Creating home energy control systems 
White Hat 
 
Information and 
data 

The systems are already commercial, Germany being one of the leading countries. 
The implementation does not require extensive resources or skills. The system can, 
for example, guide room temperatures, limit the use of domestic appliances, be 
connected to alarm systems, or electricity price. Grid load data could be included 
in the parameters. 
 

Yellow Hat 
 
Objective values 
and benefits 

The systems increase consumers’ overall knowledge and interest in energy issues, 
which could increase the use of renewable energy. The systems impact on 
consumers’ behaviour and motivate consumers to save and use energy efficiently 
and thus to save money. 

Black Hat 
 
Objective dangers 
and problems 

The systems and appliances are still far too expensive, complicated and 
technologically vulnerable. The diffusion of the new concept will be very slow. 
Consumers are afraid of any control upon their behaviour and malfunctioning of 
the system. They are also concerned about the potential rise of energy prices due 
to electricity optimization. 
 

Green Hat 
 
Creative thinking: 
possibilities and 
alternatives 

Subsidies to consumers’ investments could increase the diffusion of the systems, 
along with marketing emphasizing energy saving issues. Combining with other 
devices may interest customers. Mass‐production and large‐scale implementation 
will eventually lower the prices and ensure technology reliability. Legally binding 
implementation of the systems will lead to comprehensive market penetration. 
 

Red Hat 
 
Feelings and 
intuition 

The systems are ready for piloting. The prices are likely to come down and the 
systems will sooner or later become general. 
 

Table 5. Results of Six Thinking Hats 4 

4. Conclusions 

Global  climate  change  and  the  finiteness  of  current 
primary energy resources have  increased the  importance 
of  more  sustainable  energy  sources.  This  study  has 
focused  on  ideas  and  concepts  of  “How  to  get wind  and 
biomass  electricity  commercialized  in  the Nordic  countries  by 
2030?” In spite of the complex and many‐sided nature of 
topic,  the Lateral and Parallel Thinking methods proved 
to be very useful  toolkits. The Lateral Thinking methods 
facilitated the contribution of diverse experts who would 
probably  normally  not  collaborate,  promoted 
interdisciplinary  and  multidisciplinary  and  produced 
potentially more radical ideas. With the Lateral Thinking 
method  the  participants  generated  over  160  ideas  and 
almost  50  concepts. The  focus  stayed on  the  same  issue 
and also new ideas arose. The Parallel Thinking methods, 
with  the help  of  key  experts, were used  to develop  the 
selected  ideas  further.  Finally,  all  information,  benefits, 
cautions  and  possibilities  related  to  the  idea  could  be 
recognized. The Group Decision Support System (GDSS) 
supported  the panel assessment sessions well. The main 
results were  the  final concept  fan and  the GDSS  results. 
The key results can be further augmented and utilized in 
potential future research. 
 
The  assessed  four  ideas  were  seen  as  important 
phenomena  in commercializing  renewable energy  in  the 
Nordic countries during the next two decades. However, 
some  issues  are more  ready  to market, whereas  others 
still  need  time,  development  and  subsidies  before 
implementation.  Home  energy  control  systems,  electric 

grid investments and modular product design were seen 
as  quite  ready  for  implementation, whereas  the  idea  of 
electric cars as energy storage is not yet current according 
to  the  panellists.  All  in  all,  the  extensive  diffusion  of 
renewable energy calls  for customer benefits  in  terms of 
lower  cost  and  high  numbers  of  reliable  devices  and 
systems and lower cost of energy. Consistent government 
support is also required for the next few decades. 
 
The  research  contributed  a  significant  number  of  ideas 
and  concepts  for  commercializing  renewable  energy. 
Although  there  exist  incentives,  such  as  increasing 
market  demand,  environmental  concerns  and  new 
business opportunities, many  issues  are  still  early on  in 
their  lifecycle  technologically  and  on  the  system  level, 
requiring  subsidies,  for  example,  before  technology 
maturity,  learning  curve  effects  and  scale‐of‐economics 
enable  the  economical  viability  of  the  products  and 
systems.  The  results  contribute  to  previous  research, 
especially  ideas  such  as  home  energy  control  systems, 
EVs  as  energy  storage  and  modular  product  design 
support earlier findings. The research methods used were 
solid  and  highly  educated  and  experienced  specialists 
were selected as panellists in order to ensure the validity 
and reliability of the research. 
 
Overall,  this  qualitative  case  study  revealed  the 
usefulness of  the  innovation methods used. However,  a 
systematic  and  wider  comparison  of  other  emerging 
renewable  technologies  and  historical  cases  would 
probably  provide  a  more  solid  ground  to  draw 
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conclusions  of  the methodology  and  commercialization 
opportunities of the ideas. The concepts and also some of 
the  ideas were more general  than  concrete and after all, 
some  of  the  potentially  most  radical  ideas  were  not 
revealed. In addition, the members of the expert panel in 
the process were chosen on an informal basis. Regardless 
of the careful choosing of the panellists, there is always a 
possibility of bias in the selection and contribution of the 
respondents.   
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Abstract: A wide consensus exists about climate change due to the use of fossil fuels. Energy efficiency, decreased use of 

fossil fuels, and wide diffusion of renewable energy are vital for limiting global warming. The objective of this study is to 

analyze how wind power and distributed bio-energy could be commercialized effectively. The evaluation is based on a case 

study, literature reviews and semi-structured interviews of energy experts. The results demonstrate that renewable energy is 

not yet competitive against fossil-fuel energy without political support schemes during the next decades. The research reveals 

that novel ecosystems require commercial support in their early lifecycle. 
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1. Introduction 

The threat of global warming and climate change, the 

diffusion of renewable energy, and the question of how to 

make the long transition to an economy based on fossil-fuel 

alternatives are concerns for most societies [1]. There exists 

a wide mutual understanding that climate is changing un-

iversally, mostly due to increasing greenhouse gases in the 

atmosphere as a result of the increased use of fossil fuels. 

The surface temperature of the Earth could rise significantly 

during the next few decades, resulting in such impacts that 

we would witness an entirely new planet unknown to us [2]. 

However, improving energy efficiency, decreasing the use of 

fossil fuels, and wide diffusion of various renewable energy 

sources are among the most vital actions in limiting global 

warming to a sustainable level [3]. 

The central scenario [4] is somewhat more pessimistic, as 

it predicts that even the new policies will lead to emissions 

that correspond to a global temperature increase of about 

3.6 °C this century, far above the sustainable 2 °C. Shell [5] 

confirms that the driver at economic growth, especially in 

developing economies, largely neglects the environmental 

agenda. Although a more sustainable pathway is possible, it 

will be extremely challenging to implement [5]. However, 

the climate change issue can be solved in such a manner that 

global warming can be limited to sustainable two degrees. 

There are enormous resources of wind energy globally to be 

harnessed into energy production, and biomass utilization 

can also be increased significantly. The overall energy 

efficiency could be improved e.g. by using smart grids, 

novel energy storage systems, and electric vehicles. Tech-

nological solutions exist for solving many of the problems, 

and sustainable solutions can most certainly be invented for 

the rest. The biggest hindrances to preventing the develop-

ment seem to be human behavior and the desire to increase 

personal prosperity. In general, the reluctance of politicians 

to support the diffusion of renewable energy by a consistent 

long-term policy increases the challenge [2, 6]. 

As a matter of fact, a lot has already been done during the 

last decade. Global investments into renewable energy 

sources between 2004 and 2011 increased annually by about 

30 % on average, and reached USD 260 billion in 2011. The 

renewable energy included wind power, bio-energy, solar 

power, geothermal energy, and small hydro power [7]. The 

European Union (EU) has set binding renewable energy 

targets to source 20 % of the Member States’ total energy 

consumption from renewable energy sources (RES) in 2020. 

The majority of the increasing non-hydro renewable elec-

tricity production is expected to come from wind power and 

bio-energy, whereas bio-energy remains the dominant 

source of non-fossil heat [8, 9]. Since the renewable energy 

potential differs from one Member State to another, the 
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targets and promotion frameworks differ between the States 

[9]. Sweden has the highest renewable energy (RE) target: a 

49 % share of final energy consumption from RES in 2020, 

and Malta has the lowest RES target of 10 % [8]. Climate 

and energy policies, and regulation in general, as well as 

long-term price-based instruments such as subsidies and in 

particular taxes, can significantly increase the innovation 

and diffusion of novel renewable technologies [10-12]. 

In this research, we use a case study research method to 

explore how the diffusion of wind power and distributed 

bio-CHP (combined heat and power production) could be 

efficiently promoted in Finland. Finland’s RE diffusion 

performance is compared with two other European countries, 

Denmark and Germany, which have already promoted RE 

quite successfully. The focus of the study is on wind power 

and bio-energy, since these technologies are expected to 

contribute the biggest share of the increase of RES in Europe 

during the next decade [8, 9]. The research methods include 

semi-structured interviews of energy experts from the in-

dustry, academics and state officials to find an answer to the 

research question: “How do energy subsidies and other 

support schemes influence the diffusion of wind power and 

distributed bio-CHP?” The results contribute to earlier 

research confirming that emerging renewable energy still 

needs price-based subsidies and other support instruments in 

order to compete successfully with other energy sources. 

The results reveal that predictable long-term support policies 

promote renewable energy innovations and diffusion more 

significantly than in countries where the implementation of 

support instruments is less dynamic. The paper is structured 

as follows: in section two we describe modern wind power 

and bio-CHP technologies and markets, section three dis-

cusses energy mix and support scheme issues especially 

within the EU, and the research methods are described in 

section four. The results of the study are analyzed in section 

five, and section six contains discussion and conclusion. 

2. Wind Power and Bio-Energy Tech-

nologies and Markets 

According to [10-12], climate and energy policies, gov-

ernment regulation, and long-term subsidies and taxes can 

significantly increase the innovation and diffusion of novel 

renewable technologies. Hence, it can be judged that the 

emerging wind power and bio-energy technologies have 

benefited from various support schemes in their early life-

cycle phases in terms of technological development and 

market diffusion. 

2.1. Wind Power 

The world’s wind resources are enormous: according to 

estimates, utilising only one fifth of the economically viable 

global inland wind resources for power generation would 

have exceeded the world’s electricity consumption in the 

year 2000 seven times over [13]. Studies by the European 

Environment Agency also claim that the technical potential 

of offshore wind in Europe is six to seven times greater than 

the predicted electricity demand in Europe in 2020 [14]. 

Wind kinetic energy was used to generate electricity for the 

first time over a century ago, but wind power is still in the 

emergent stage in its lifecycle [15, 16]. According to [16], 

the reason for the slow diffusion is the lack of a societal 

crisis that often drives to radical innovation, and only the oil 

shocks in the 1970s finally accelerated wind power 

innovation and investments. 

The typical design of a modern wind turbine is the 

horizontal axis wind turbine (HAWT) with the rotation axis 

parallell to the ground. The key components of a HAWT 

include a rotor (containing a hub and typically two or three 

blades), a nacelle (including a generator, the main frame, a 

drive train containing rotating parts, such as the main shaft 

and possibly a gearbox, and control and electrical systems), 

and a tower and foundation. During the past decades, the 

nominal power of wind turbines has grown notably, and 

today the biggest operational turbines are 7.5 MW in size. 

Wind turbines with a power rating of 10 MW and beyond are 

under design [17-19]. 

The global installed cumulative wind power capacity was 

over 240 GW in 2011, consisting mostly of onshore 

installations. The cumulative market is predicted to reach 

900 GW by 2020. The biggest cumulative markets in 2011 

were China and the USA, followed by Germany and Spain. 

The biggest wind turbine manufacturer in 2011 was Danish 

Vestas with sales of almost six billion euros. Among the top 

ten turbine manufacturers were four Chinese firms that had 

grown rapidly, as had the Chinese market [19]. 

2.2. Bio-Energy 

In this paper, the focus is on distributed combined heat 

and power production (CHP) that uses biomasses, such as 

woodchips from logging residue. The technologies for 

commercial small-scale CHP production are mostly based 

on combustion technologies. A bio-fuelled CHP-plant con-

sists of a boiler, firing unit, turbine, bio-fuel storage and 

conveyor, as well as automation [20]. The principle of 

combined heat and power production has been known for a 

long time, and since the beginning of the 20th century a 

number of units have been in operation. However, com-

mercial small-scale CHP technologies are still under de-

velopment today. CHP contains the following essential 

elements: simultaneous heat and electricity production, 

high-efficiency performance, and proximity of the energy 

production unit to the customers [21]. 

Potential customers for distributed bio-CHP technology 

using forest biomasses include farms, greenhouses, small 

and medium size enterprises, real estate outside urban areas, 

and district heating plants. These actors may operate fairly 

independently or cooperate actively e.g. in joint forest bio-

mass harvesting, transportation and refining to wood chips. 

Further, they may also collaborate with various service 

providers, such as maintenance firms and plant and com-

ponent manufacturers [22]. 

All in all, bio-energy accounted for about 10 % of the 
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world's primary energy consumption in 2010. The potential 

use of bio-energy could be almost doubled, accounting for 

about 15 % of the world's energy demand in 2035, provided 

that the 450 scenario of the International Energy Agency can 

be implemented. However, the 450 scenario requires fast 

adoption of policies leading the world to a sustainable 

pathway limiting the global warming to two degrees, and 

this scenario can be regarded as rather challenging [4]. 

3. Energy Mix, Support Schemes and 

Subsidies in the EU 

3.1. Energy Mix 

In the EU 27 countries, the share of RES from gross final 

energy consumption was 11.7 % in 2009. In Finland the 

share of RES was 30.3 %, in Denmark 19.9 %, and in 

Germany 9.8 % in 2009. The RES targets from total energy 

consumption are 20, 38, 30, and 18 %, respectively, in 2020. 

The EU countries’ own primary energy production consisted 

of fossil fuels (53.3 %), nuclear energy (28.4 %), and RES 

(18.3 %). Finland’s own production was divided to fossil 

fuels (15.1 %), nuclear energy (37.1 %), and RES (47.8 %). 

Denmark’s production was spread to fossil fuels (88.5 %), 

and RES (11.5 %), and Germany produced 51 % from fossil 

fuels, 27.3 % from nuclear energy, and the share of RES was 

21.7 % in 2009 [23]. 

 The production and consumption of RES in the EU has 

increased significantly from 5.6 % of the gross final con-

sumption in 2000 to 12.5 % in 2010. Finland’s the total share 

of RES was 32.2 % in 2010. In Finland the share of 

bio-energy has been quite constant, 21.9 % in 2010. This is 

mainly due to the bio-CHP production in pulp and paper 

industry and in large district heating units. The share of wind 

power was 0.1 % in 2010. In Denmark the share of RES was 

9.8 % in 2000 and 22.2 % in 2010. Both bio-energy and 

wind power had increased by about two-fold. In Germany 

the share of RES was 3.9 % in 2000 and 11 % in 2010. The 

use of bio-energy had increased by about six-fold, and wind 

power by over four-fold. Fig. I depicts the development in 

the selected countries and the targets in 2020 [24-27]. 

 

Figure 1. RES-% of the total energy consumption 2000-2010 and targets 

2020. 

As a comparison, the primary energy demand in the world 

consisted of fossil fuels (81 %), nuclear energy (5.7 %), and 

RES (13.3 %) in 2010. The world's energy mix has not 

changed in the 21st century: in 2000 the share of fossil fuels 

was 80.3 %, followed by RES (13 %), and nuclear energy 

(6.7 %) [4]. 

3.2. Energy Support Schemes 

According to [28], there has long existed an array of 

energy support schemes and subsidies. Some of the support 

schemes implemented by different nations are more trans-

parent than others. [29] provides Country Attractiveness 

Indices (CAI) for renewable energy worldwide. The re-

newable index assessment includes wind and solar power, 

and biomass and other resources (geothermal, small hydro, 

wave and tidal technologies and landfill gas). The assess-

ment takes the following infrastructure issues into account: 

electricity market regulation, planning environmental and 

grid connection issues, and the energy financing environ-

ment. Further, each technology is assessed by considering 

the following on a weighted basis: 

Attractiveness of power off-take – including the price 

received, the variation and length of the power purchase 

agreement, and government guarantees for power off-take 

Taxation climate – incentives to promote green energy, 

penalties to brown (fossil fuel) energy 

Soft loans – national or international loans to promote 

novel renewable technologies 

Market growth potential – current capacity compared to 

published targets, and policy frameworks that support 

growth 

Current installation base – high penetration demonstrates 

established infrastructure, and potential to repowering older 

plants 

Others: resource quality, e.g. average wind speeds and 

project size, large projects suggesting a favourable envi-

ronment and economies of scale 

The assessment showed that after China and the USA, 

Germany received the highest score. Of the EU countries 

Italy was the fifth followed by the UK and France. Sweden 

was 10th, Denmark 19th and Finland 26th. 

The studies of [30] show that instruments such as efficient 

innovation systems are similarly important in the diffusion 

of novel technology. In Denmark, for example, different 

wind power actors gradually formed a well-functioning 

innovation system that created a platform for the success of 

the Danish wind power industry through innovation pro-

grams, combined resources and accumulated knowledge. 

EU has defined a clear set of objectives to mitigate the 

climate change issues. The future energy policy of the EU is 

based on five pillars: increased energy efficiency, saving 20 % 

of the energy consumed by 2020; increasing the use of 

renewable energy to 20 % by 2020; raising the share of clean 

hydrocarbons that are consumed e.g. through the capture and 

storage of carbon dioxide (CCS); extending the carbon 

market in the EU that today covers about half of the emis-

sions; and finally, continuing to influence the mitigation of 

global warming internationally [31]. 

The European Commission [32] expresses its satisfaction 

to the fast deployment of renewable energy in Europe during 
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the past years, driven by technology improvements, econ-

omies of scale, and the Member States’ support schemes. 

However, there are several challenges in the energy policy of 

the EU that need to be addressed especially in the present 

economic circumstances, when investors are cautious to 

invest into capital-intensive energy markets such as poli-

cy-dependent renewable energy. First, the future renewable 

energy framework should be certain and predictable also 

beyond 2020. Second, the financial incentives should have 

long-term viability. Third, the market arrangements in the 

EU have to be consistent. Fourth, the energy infrastructure 

i.e. the existing power grid has to be upgraded to be adequate 

to serve the increasing proportion of decentralised and 

intermittent power production. Fifth, diffusion of the 

emerging renewable energy technologies has to be promoted. 

Finally, in spite of the generally widespread public accep-

tance of RE, potential barriers to future growth have to be 

dealt with, ensuring the acceptance and sustainability of 

renewable energy. Table 1 illustrates the future support 

scheme challenges in the energy policy of the EU in detail 

[32]. 

Table 1. Future support scheme challenges in the energy policy of the EU. 

The six challenges Description 

Future policy  

framework  

The current energy policy framework 

ends in 2020. Binding renewable 

energy objectives beyond 2020 have 

to be decided on. 

Viability of financial  

incentives 

Member States’ different support 

schemes should be unified and the 

financing should have long-term 

viability. 

Consistent market  

arrangements 

The internal market arrangements

should be consistent in order to avoid 

inefficiencies in investments and 

market operations. 

Adequate energy 

infrastructure 

The existing grid has to be upgraded 

in order to meet the requirements of 

the increasing proportion  

of decentralized and  

intermittent renewable electricity 

production. 

Uncertainty of future  

technologies  

Novel technologies are needed to 

achieve the transition to sustainable 

energy, and these 

 challenging modern  

ecosystems cannot be achieved by 

market mechanisms alone. 

Sustainability and public  

acceptance 

Today, renewable energy is widely 

accepted by the public. In the future, 

the potential concerns about  

e.g. land-use and  

other environmental issues  

of large-scale renewable  

energy projects have to be solved. 

3.3. Energy Subsidies 

Governments have long used various types of energy 

subsidies to promote their energy policies. When subsidies 

to renewable energy sources and low-carbon energy tech-

nologies are well planned, they can achieve long-term en-

vironmental and economic benefits. However, fossil fuels 

are also subsidised in many countries, and this phenomenon 

tends to outweigh the benefits [28]. It is predicted that in 

spite of the growth of renewable and low-carbon technolo-

gies, fossil fuels will maintain their dominant position in the 

world's energy mix for the next decades. Fossil fuels were 

subsidised about six times more than RES, amounting to 

USD 523 billion in 2011, an almost 30 % growth from the 

previous year. Fossil fuel subsidies are more prevalent in 

developing countries than industrialised countries [4]. A 

common justification for fossil fuel subsidies is that they 

help the poorest people to get access to electricity, since 1.3 

billion people still lack the access and 2.7 billion have 

unclean cooking facilities [28]. However, the results of the 

use of fossil fuel subsidies are contradictory, and due to 

various barriers the poorest people do not necessary gain 

access to electricity [28, 33]. In a global survey, fossil-fuel 

subsidies were identified in 37 countries, and 40 % of those 

economies have already taken actions to abandon these 

subsidies. In case further actions are not taken, fossil-fuel 

subsidies are predicted to reach USD 660 billion in 2020. 

Renewable energy subsidies, on the other hand, were USD 

66 billion in 2010 and they are expected to reach USD 250 

billion in 2035 [28]. 

 Common mechanisms for renewable energy subsidies 

include e.g. tariffs, premiums, quotas, tax reductions, and 

low-interest loans. The most common ones are feed-in tariffs 

(FIT) and premiums that grant producers a certain price for 

the electricity they feed into the grid. Some states have quota 

obligations that oblige consumers to buy a proportion of 

their electricity produced by RE. In some countries tax 

reductions and low-interest loans are granted to producers 

that generate electricity into the grid from RES [28, 8]. 

Energy subsidies such as FITs seem to promote the diffusion 

of RE in different countries effectively, provided that they 

are well-planned and efficiently implemented [34-38]. 

However, although renewable energy support schemes tend 

to encourage the diffusion of RE, subsidies may create 

contradictory impacts to consumers, since in many cases the 

public support schemes are financed by increasing the final 

consumer prices [39]. Jefferson [40] complies with this and 

adds that although a lot has been done to promote RE, fossil 

fuels still account for about 80 % of the world's energy mix. 

Jefferson criticises that the energy subsidies are often inef-

ficient, and directed to mature RES that should already 

manage without them. Instead, among other things, research, 

investments and subsidies should be directed to less mature 

RES in order to accelerate the transition to RE [40]. 

In the EU, about ten thousand power plants and factories 

participate in the emission trading scheme (ETS) that aims 

to reduce the CO2 consumption by defining a price for 

emissions. The emission trading promotes the transition 

from fossil fuels to renewable ones, and increases the 

competitiveness of renewable energy. The intent is to ex-

pand the global reach of the mechanism by trading the 

emission credits with industrialized countries using the Joint 

Implementation Mechanism with emission targets, and with 
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developing countries through the non-binding Clean De-

velopment Mechanism [9]. According to [41], effective 

carbon pricing, i.e. sufficiently high carbon prices affect 

investment decisions, and flexible FITs will be key incen-

tives to promote new renewable energy technologies and 

energy efficiency issues. In today’s high economic uncer-

tainty, the implementation of these instruments require 

considerable political will from the governments, however. 

3.4. Support policies in Finland, Denmark and Germany 

3.4.1. Finland 

Finland’s primary energy consumption was 34.0 million 

tonnes of oil equivalent (mtoe) in 2009 compared to 33.3 

mtoe in 1999 [23]. Finland’s environment and energy 

strategy from 2008 defines the target for RE as 38 % of final 

energy consumption in 2020. The strategy became lawful in 

the beginning of 2011, and it contains new FITs and tax 

incentives that have already been in use [8, 42]. 

The feed-in tariff for electricity produced by wind power 

is 83.5 €/MWh and valid for 12 years. However, a higher 

FIT of 105.3 €/MWh can be paid to wind power operators up 

to three years before the end of 2015. The feed-in tariff is a 

premium mechanism meaning that the target price 

(83.5/105.3 €/MWh) is paid to the operator, if the market 

price of electricity is lower than that. If the market price of 

electricity is higher, then no FIT is paid. The subsidies can 

be paid for wind power plants that are bigger than 500 kW in 

nominal power, supposed that the turbines have been ac-

cepted to the FIT mechanism before the total installed wind 

power capacity in Finland exceeds 2500 MW. Wind power 

plants that are not eligible for the FIT will receive a fixed 

premium of 6.9 €/MWh [8, 42]. 

Electricity and heat produced by bio-energy have differ-

ent support mechanisms. Firstly, the harvesting costs of 

small-sized wood, logging residue, and stumps are currently 

too expensive. Thus, harvesting young forests or logging 

areas is subsidised by different schemes provided that the 

wood is used for energy purposes. Secondly, electricity 

produced from wood chips is supported by a premium that 

varies depending on the price of the carbon emission permits. 

In case the permit price is 10 €/ton or lower, the premium is 

18 €/MWh. When the emission permit price rises over 23 

€/ton, a premium is not paid. Thirdly, a wood fuel -powered 

CHP-plant with a nominal generator output of between 100 

kWe to 8 MWe, is entitled to a FIT of 83.5 €/MWh, similar to 

the one of wind power FIT. The maximum annual FIT paid 

to any one bio-energy plant is limited to 0.75 MEUR. The 

first 50 wood fuel -powered plants with 150 MWe total 

nominal generator power can be accepted to the support 

mechanism. The support mechanisms for bio-energy plants 

are also valid for 12 years [8, 42]. 

3.4.2. Denmark 

Denmark’s primary energy consumption was 19.4 mtoe in 

2009 (20.3 mtoe in 1999) [23]. Denmark’s target is that 30 % 

of energy consumption will come from RES in 2020, and the 

country will become entirely independent of fossil fuels by 

2050 [8, 42, 43]. 

Onshore turbines bigger than 25 kW in nominal power 

receive a production premium of 33.6 €/MWh for the first 22 

000 full load production hours (approx. 7-9 years) after their 

initial grid connection. In addition, there is a 3.1 €/MWh 

compensation to cover grid balancing costs for wind-power 

electricity. Domestic wind turbines smaller than 25 kW 

receive a FIT worth 80.6 €/MWh for the electricity they feed 

into the grid. Offshore turbines and wind parks are subsi-

dized by production area-specific support mechanisms. The 

Danish Energy Agency announces tenders for specific, 

geographically defined offshore sites, and applicants quote 

prices and terms at which they are willing to produce elec-

tricity. The winning prices in terms of FIT thus vary from 

one offshore project to another [8, 42, 43]. 

Electricity produced solely or partly by bio-energy is en-

titled to a production premium of 20.1 €/MWh. In addition, 

fossil fuels used for heating are rather heavily taxed, whe-

reas heating by bio-energy is exempted from these taxes [8, 

42]. 

3.4.3. Germany 

Germany’s primary energy consumption was 326.6 mtoe 

in 2009 (341.5 mtoe in 1999) [23]. Germany’s RES target is 

18 % of the total energy consumption in 2020. Further, 

Germany aims to shut down all its nuclear power plants by 

2022, invests remarkably in grid renewal and smart grids, 

and improves the energy efficiency. The Ministry for the 

Environment, Nature Conservation and Nuclear Safety has 

defined minimum tariffs for wind power and bio-energy that 

are valid for the commissioning year of the plant and 20 

years thereafter [8, 42]. 

Onshore wind power is subsidised by a basic FIT of 48.7 

€/MWh. An initial tariff of 89.3 €/MWh is paid for the first 

five years after the commissioning of the power plant, and 

an additional 4.8 €/MWh bonus is granted also for five years 

for turbines that have a grid connection before the end of 

2015. These tariffs are valid and unchanged for power plants 

that are commissioned in 2012. The defined tariffs for the 

next years will decrease by 1.5 % annually. The basic FIT for 

offshore wind power is 35 €/MWh, and a higher 150 €/MWh 

initial tariff is paid for the first 12 years after the commis-

sioning of the power plant. Alternatively, there is an acce-

lerated model for the offshore wind power tariff of 190 

€/MWh that is valid for 12 years. The normal and accele-

rated model can be extended in case a wind park is located 

beyond 12 nautical miles from the shore or in water depths 

over 20 meters. The tariffs are unchanged until 2018 and 

after that the tariffs for the new power plant investments will 

decrease by 7 % annually [8, 44]. 

The tariffs for electricity generated by biomass differ 

depending on the size of the power plant. The FIT for 

bio-energy power plants smaller than 150 kWe (electricity 

production) is 143 €/MWh. Plants with nominal electricity 

output between 150 to 500 kWe are entitled to a 123 €/MWh 

subsidy. Plants of 500 kWe to 5 MWe are eligible for a 110 

€/MWh tariff, and CHP-plants from 5 MWe to 20 MWe are 
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entitled for a 60 €/MWh subsidy. The above tariffs are valid 

and unchanged for 20 years for power plants that are com-

missioned in 2012. The defined tariffs for the next years’ 

power plant investments will decrease by 2 % annually [8, 

44]. 

The current focal energy subsidies for wind power and 

bio-energy in Finland, Denmark and Germany are summa-

rized in table 2. 

Table 2. Current key subsidies for wind power and bio-energy in Finland, Denmark and Germany. 

 Finland Denmark Germany 

Onshore 

wind power 

FIT 83.5 €/MWh105.3 for  

three years before 2015 

Turbines < 500 kW; 

premium 6.9 €/MWh 

Duration 12 years 

Mechanism ceases when 

the total installed wind power 

capacity exceeds 2 500 MW 

Premium 33.6 €/MWh for the  

first 22 000 full-load production 

hours (7-9 years), in addition  

3.1 €/MWh compensation  

for grid balancing costs 

Turbines < 25 kW,  

FIT 80.6 €/MWh 

FIT 48.7 €/MWh, initial FIT 89.3 €/MWh 

for the first five years  

Bonus 4.8 €/MWh for five years for tur-

bines commissioned before the end of 2015 

Duration 20 years 

The 2012 tariffs will decrease by  

1.5 %/a for new installations 

Offshore 

wind power 
Same as for onshore wind power 

FIT through auction,  

site-dependent 

FIT 35 €/MWh, initial FIT 150 €/MWh for 

the first 12 years; Duration 20 years 

Tariff unchanged until 2018, thereafter 

deduction by 7 %/a 

Alternatively accelerated model FIT 190 

€/MWh, duration 12 years 

The normal and accelerated model duration 

will be extended if the site is beyond 12 

nautical miles from the shore or in water 

depths over 20 meters 

Bio-energy 

Wood chip -powered CHP;  

premium 18 €/MWh, when the  

carbon emission permit costs  

10 €/ton, premium 0 €/MWh, 

when the permit costs 23 €/ton 

Wood-powered CHP (100 kWe-8 MWe),  

FIT 83.5 €/MWh; valid for the  

first 50 plants until 150 MWe  

total capacity is exceeded 

Max. 0.75 MEUR/a subsidy  

per plant 

Duration 12 years 

Energy wood harvesting  

subsidies 

Premium 20.1 €/MWh 

Tax exemption 

Turbines < 150 kWe , FIT 143 €/MWh 

150-500 kWe , FIT 123 €/MWh 

500 kWe – 5 MWe , FIT 110 €/MWh 

5 MWe – 20 MWe , FIT 60 €/MWh 

Duration 20 years 

The 2012 tariffs will decrease by  

2 %/a for new installations 

 

4. Research Methods 

The empirical study was executed using the case study 

research method. Yin [45] defines a case study as a research 

method that investigates a contemporary phenomenon 

within its real world context. In general, a case study method 

is favored, when “why” or “how” research questions are 

proposed, the investigator has little control over events, and 

the focus is on contemporary events. On the other hand, [46] 

claims that actually a case study is not a methodology, but 

rather a research strategy that concentrates on increasing the 

understanding of present dynamics within a single setting. 

Case studies also typically combine diverse data collection 

methods, such as interviews, questionnaires, observations 

and archives. Creswell [47] determines a case study as an 

exploration of an exclusive system that can be defined in 

terms of time and place, and through detailed, in-depth data 

collection involving multiple and ample sources of infor-

mation. 

Yin [45] continues arguing that it is often essential to use 

multiple sources of evidence converging the data in a tri-

angular fashion. This challenge is one of the ways that 

makes case study research “hard”, although it has classically 

been regarded as a “soft” form of research. The most com-

mon sources of evidence include: interviews, documentation, 

archival records, direct or participant observation, and 

physical artifacts. Case studies may include both qualitative 

and quantitative data. Although case study is a distinctive 

research method, some scholars are concerned about the 

possible lack of scientific rigor that is related to an investi-

gator’s ability to execute solid case studies. Other limitations 

include the qualities that case studies may provide too little 

basis for generalization, and may be laborious to execute 

[45]. 

In this qualitative case study, the research methods con-

sisted of literature reviews and semi-structured interviews. 

Altogether 11 energy experts from the wind power and 

bio-energy industry, academics and state officials were 

interviewed. The interviewees were two chief executive 

officers (CEO), professors, directors, senior researchers and 

managers, and of one chief technical officer (CTO). The 

study was conducted with a semi-structured theme ques-

tionnaire that concentrated on two main areas and the ques-

tions related to them: 
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General energy development issues by 2030: energy use 

and price development in Finland, Europe and globally, 

including the main drivers; energy mix development; energy 

efficiency; influences of global warming; lobbying of dif-

ferent interest groups. 

Renewable energy development issues by 2030: compe-

titiveness of wind power and distributed bio-CHP; energy 

subsidies and emission-trading schemes, including political 

transparency and predictability; grid reinforcement and 

smart grid issues; standby power production capacity and 

electricity storage; citizens’ acceptance and other issues; 

successful and unsuccessful examples from Europe and 

elsewhere. 

The study was conducted in order to answer the research 

question: “How do energy subsidies and other support 

schemes influence the diffusion of wind power and distri-

buted bio-CHP?” The focus of the study was in Finnish 

energy politics and markets in comparison with the policy 

and market developments in Denmark and Germany. Gen-

eral energy issues related to the leading energy consumers 

such as the USA, China, and India served as background 

information for the study. The long experience and extensive 

knowhow of the interviewees about the renewable energy 

industry, research and politics contributed to the results of 

the research significantly. The interviewees’ position, or-

ganization and energy technology experience, as well as the 

duration of the interview are presented in table 3. 

Table 3. Interviewees and duration of the interview. 

Interviewee 
Position, organization and energy  

technology experience 

Interview

duration, 

min. 

1 
Professor, energy technology, university,  

over 20 years' experience 
60 

2 
Manager, bio-energy firm, over 20 years'  

experience 
50 

3 Director, ministry, over 20 years' experience 60 

4 
Entrepreneur, CTO, professor, bio-energy  

firm, 40 years' experience 
75 

5 
Manager, entrepreneur, interest group,  

30 years' experience 
60 

6 
Senior researcher, state organization,  

20 years' experience 
50 

7 
Senior researcher, research institute,  

9 years' experience 
50 

8 CEO, wind power firm, 10 years' experience 55 

9 
Professor, energy technology, university,  

over 20 years' experience 
55 

10 
Director, state organization, over 10 

 years' experience 
70 

11 CEO, energy firm, over 20 years' experience 65 

5. Empirical Analysis 

The 11 experts responded to the general energy devel-

opment theme with a global, European, and Finnish per-

spective in mind. The other main theme, renewable energy 

development issues were discussed more from the Finnish 

and European perspectives. It turned out that the inter-

viewees had unified opinions in several issues, but opposite 

and revolutionary opinions also existed. 

According to most specialists, energy consumption and 

especially electricity use will most probably increase re-

markably globally during the next decades. The main drivers 

behind the development are population growth and gross 

domestic production (GDP) growth in many countries. One 

interviewee mentioned: “Energy consumption increases 

enormously, especially in Asia. The drivers behind the 

development are population and GDP growth, and prosper-

ity increase.” The most intense growth will be witnessed in 

Asia, especially in China and India, and also in 

South-America. The development in Europe will be more 

moderate, and in Finland the energy consumption may even 

stall in case the energy-intensive industry continues to flee 

the country. Energy prices are also likely to increase, but not 

remarkably. The world energy mix will diversify, and the 

development is going to be most rapid in Europe, which is 

the leading continent in implementing RE production ca-

pacity. Fossil fuels will remain widely in use, and their 

consumption will even increase in fast developing countries, 

such as China and India, as well as in the USA that in-

creasingly exploits shale oil and gas from its own soil. 

Global warming will continue at an increasing rate due to the 

still increasing use of fossil fuels, and the biggest green-

house gas (GHG) polluters; China’s, India’s, and the USA’s 

short term policies do not include participation in the GHG 

emission reduction schemes. However, the effects of global 

warming will gradually become so evident that these nations 

will join the pact eventually. Energy efficiency was consid-

ered a very important topic, and the development was esti-

mated to be positive, although the optimisation potential in 

heat energy was considered higher than in electricity con-

sumption. 

Some key informants considered the energy, environ-

mental and financial policies to be tightly interconnected, 

especially in the EU. One interviewee said: “Energy policy 

is subordinate to EU’s environmental policy. Energy in-

vestments should be non-risky investments, and energy 

production should be reliable, efficient, competitive and 

environmentally friendly.” Another specialist evaluated that 

the entire global energy ecosystem is in a radical transition 

phase: “We live in an era of the biggest energy revolution 

and transition ever witnessed. Centralised utility-based 

energy systems are being replaced by decentralised energy 

systems.” 

Many experts shared the view that onshore wind power 

and distributed bio-CHP will be competitive without subsi-

dies in 10 to 20 years, while their technologies mature and 

the effects of the scale of economies can be fully exploited. 

However, before that subsidies are essential in order to 

commercialise wind power and bio-energy efficiently. After 

that, the subsidies should be gradually scaled down. In 

general, political support schemes are rather predictable and 

long-term, thus increasing investors’ and other players’ 

confidence in RE. Further, grid reinforcements, smart grid 

development, standby power production capacity, and elec-
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tricity storage issues are all very important in the diffusion of 

intermittent and decentralized RE. For instance Germany, 

Denmark and Spain have been very successful in commer-

cialising wind power, and Germany and Austria have suc-

ceeded in bio-energy diffusion. 

Some informants considered that onshore wind power and 

distributed bio-CHP are already competitive when the local 

conditions are favourable, as one informant mentioned: 

“Onshore wind power is already competitive; when the 

circumstances are favourable, i.e. the site and wind condi-

tions are fair. Distributed bio-CHP should also be competi-

tive; especially when it competes on consumer markets that 

exist when the plant produces own electricity to the owner.” 

Subsidies were also seen problematic by some experts: “For 

instance. Germany and Denmark have been successful in RE 

diffusion, but what has been the price; generally the con-

sumers are paying a higher price of the electricity because of 

subsidies. On the other hand, in case there is electricity 

surplus, it may be dumped to neighbour countries’ grids that 

skew free competition.” Other challenges were also identi-

fied in commercializing RE in Finland, such as public re-

sistance, bureaucracy, and quite late introduction of support 

schemes. One key informant concluded: “Although citizens 

mainly support RE diffusion, not-in-my-backyard issues 

also exist. This probably takes places because our RE de-

velopment is behind the development in Europe, where such 

problems do not exist. For example bureaucracy in land use 

and the Defence Forces’ radar issues create delays and 

additional costs for wind power.” Countries that have in-

novated and invested into wind power and bio-energy 

technologies in early stages have benefitted from first-mover 

advantages, national employment and industrial clusters, 

otherwise than Finland. One informant continued: “Ger-

many and Denmark have benefited from developing and 

commercializing RE in forms of domestic and international 

business opportunities, employment, and industrial clusters. 

Finland has lost the first-mover advantages and cluster 

opportunities in the wind power business. However, there 

might still exist opportunities in bio-energy, energy storage 

and efficiency issues. After all, the development and com-

mercialising of RE is as much environmental and industry 

policy that benefits the whole nation”. 

All in all, Europe is the leading continent in RE diffusion 

that could contribute new innovations, investments in RE, 

and technological advantages and welfare in the long term. 

According to the interviewees, it seems evident that the 

influences of global warming will gradually become evident 

for most people and nations, and that will probably lead to 

increasing sanctions for fossil fuels and shutdowns of the 

most polluting production methods, which will give an 

additional boost to RE diffusion. Subsidies such as FITs, 

innovation and investment support schemes to RE, and 

emission trading schemes for GHG emitters are among the 

most important drivers for RE diffusion before the industry 

is mature enough to compete with other energy production 

methods. In addition, grid investments, energy storage 

systems, standby energy production, and citizens’ support 

are required in order to ensure smooth RE diffusion. To 

conclude, successful RE diffusion needs a wide array of 

actions and favorable circumstances. The generally and 

widely shared opinions of the interviewees concerning 

general energy development and renewable energy devel-

opment are summarized in table 4. Also specific issues 

related to general and renewable energy development raised 

by the experts are summarised in the table. 

Table 4. Shared and additional expert opinions about energy development by 2030. 

Description Development views 

Shared general energy  

development views 

Energy and especially electricity use will increase remarkably globally. The price of electricity will increase more 

sharply than the energy prices in general. The main drivers for the development are population and GDP growth. 

The fastest growth will take place in developing countries, especially in Asia and South America. The world's

energy mix will diversify and the share of RE increase, especially in Europe. The development of energy 

efficiency will be positive. The use of fossil fuels and emissions will continue to grow, especially e.g. in China and 

India. The short-term policies of several countries, including the USA, China and India do not involve 

participating in GHG emission reduction schemes. During the coming decades, global warming will continue, and 

the sustainable level of two degrees will be exceeded. 

Shared renewable energy  

development views 

In general, wind power and distributed bio-CHP may be competitive in 10-20 years without subsidies after the 

technology matures, but today support schemes are essential for RE diffusion. Political support schemes are rather 

predictable and long-term. Grid reinforcement, smart grid development, standby power production capacity and

electricity storage issues all are very important for intermittent RE diffusion. E.g. Germany, Denmark and Spain

have been successful in wind power diffusion, and Austria and Germany with bio-CHP. 

Additional general energy  

development views 

This is the biggest ever witnessed energy revolution and transition from centralized towards distributed energy 

systems. In general, the energy policy is subordinate to EU’s environmental policy. Long-term energy investments 

should be non-risky, providing secure and low-cost energy. Especially in the USA, interest groups are lobbying for 

fossil fuels e.g. shale oil and gas. In Finland, citizens and authorities resist wind power diffusion, partly because 

we are behind the RE development in the EU. The EU is the global leader in implementing RE. This policy may 

hurt Europe’s economical competitiveness in the short term, but it may bring new innovations, investments and 

technological leadership in RE in the long term. 

Additional renewable energy  

development views 

Wind power is already competitive at favorable sites, and the competitiveness of bio-CHP also depends

significantly on local conditions. Wind farms compete in the electricity stock markets, and distributed bio-CHP in 

local markets, where plant owners produce electricity for their own use. Political support schemes, especially at 

the EU level are not necessarily long-term, transparent and predictable. The subsidies should be reduced when the

RE technologies mature. The risk is that all energy production, including fossil fuels will be subsidized more. 
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Consumers pay a higher price because of energy subsidies and sanctions. Some countries, e.g. Germany and

Denmark have extensive support schemes that skew free competition. Innovations and investments in RE have 

created industrial clusters and prosperity in countries such as Germany and Denmark. Finland has lost the 

industrial opportunities for wind power, but bio-CHP, energy storages and efficiency issues could still offer 

opportunities. Investment into RE is as much an industrial policy as an environmental issue. 

 

6. Discussion and Conclusions 

The global climate change and the predicted increase in 

energy consumption during the next decades have increased 

the importance of improved overall energy efficiency, as 

well as accelerated utilisation of renewable energy sources. 

The world’s wind and bio-energy resources are significant, 

and technologies already exist to harness a considerable 

proportion of the primary renewable energy sources. How-

ever, wind power and distributed small-scale bio-CHP are 

still in the infancy of their lifecycle, and require various 

support schemes in order to be competitive alternative 

energy sources in the world’s energy mix. 

This qualitative case study focused on issues of how 

energy subsidies and other support instruments could pro-

mote the diffusion of renewable energy in Finland and 

selected other European countries. The results revealed that 

RE is subsidised and supported by varying methods in 

different countries, but fossil fuels are also subsidised by 

enormous funding by many nations. The most common 

support mechanisms are feed-in tariffs and production 

premiums that guarantee a certain price for the electricity fed 

into the grid. Some of the key informants also criticised the 

fact that in some countries the subsidies are too extensive, 

increasing the consumer prices and skewing free competi-

tion. As regards renewable energy innovation and diffusion, 

the most sustainable growth appears to take place in coun-

tries like Denmark and Germany, for example, that imple-

ment a predictable, long-term, and broad portfolio of support 

schemes for renewable energy. Direct energy subsidies and 

indirect price-based incentives are the most important in-

struments, but other support forms, such as government or 

private investments into an adequate energy infrastructure 

and general public support are equally important for the 

diffusion of wind power and bio-energy. The biggest hin-

drances include unpredictable short-term stop-and-go sup-

port policies, and uncompetitive emerging technologies. 

Based on the favorable diffusion of RES in the studied 

countries, Denmark and Germany, and the key informants’ 

opinions, we can conclude that the most probable future 

scenario is that the share of RES will increase significantly 

in countries that implement adequate support schemes. The 

wide diffusion of wind power and bio-energy paves the way 

to their competitiveness without subsidies in 10-20 years. 

The study contributes to earlier research by confirming that 

a predictable, long-term array of support instruments is 

necessary for the competitiveness of emerging technologies 

and ecosystems prior to their technological maturity and the 

effects of scale of economies, for example. 

In order to ensure the validity and reliability of the re-

search, a semi-structured questionnaire was designed and 

cross-checked by two researches, and the interviewees 

composed an adequate group of top energy experts. How-

ever, there always exists a potential bias in the selection and 

contribution of the respondents. In the future, the study 

could be augmented to cover a broader array of respondents, 

green technologies, and countries in different continents. 

Quantitative data such as e.g. [48, 49] could also be included 

in order to more rigorously verify the scientific generaliza-

tion of the research results. 
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