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Abstract  

In recent years, strategies for sustainable development are arguably among the most discussed 
issues among political, public and corporate actors. These discussions are spurred by major 
trends such as climate change, rapid urbanization, critical material and energy resource 
depletion. To facilitate sustainable development, deep structural and wide reaching changes 
seem needed in current technologies, infrastructure, businesses and institutions. In the 
academic discourse, different concepts, methods and tools, have been proposed and continue 
to be expounded within the framework of sustainable development. Notable among them 
include the concepts of ecodesign, and product and service systems design. These concepts 
have contributed to environmental improvements but have been challenged by critics to be 
expanded beyond products and services to include non-technological changes in order to 
deliver system wide environmental improvements.  
 
Departing from this background, the goal of this article is twofold, first to offer an expanded 
view on environmental conscious design of products and services with large scaled socio-
technical systems and then to propose and discuss important components to consider when 
developing business concepts based on large scaled environmental technology systems. In 
doing this, we offer a new way of describing business concepts based on large scaled 
environmental technology systems which incorporates non-technological dimensions such as 
meeting formal and informal expectations. We propose a set of components to consider when 
developing business concepts based on large scaled environmental technology offering. These 
components are: market (including regulations), finance, resources, activities, partnership 
(especially public-private partnership), ownership and responsibility, and legitimacy. Among 
these factors, regulation, public-private partnership, and legitimacy were found as particular 
for environmental technology diffusion. 
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1. Introduction 

Sustainable development is receiving renewed global interest in recent years with  an 
increasing number of firms reporting profitability from sustainability investments (Rohrbeck 
et al., 2013).  In addition to corporate interests, there is also an upsurge in political efforts 
towards sustainable innovation amidst public awareness of its relevance for sustainable 
development (Boons et al., 2013). This renewed corporate, political and public interest in 
sustainable development is spurred by major trends shaping the emerging future such as 
climate change, rapid population growth and urbanization, pollution and critical raw material 
scarcities in the wake of recent economic crises in certain parts of the world. The global and 
societal nature of these environmentally relevant challenges means that short term quick-fix 
solutions are not applicable and thus, it has become vital that sustainable development should 
encompass long-term and far reaching changes in technology, infrastructure, lifestyles and 
institutions (Rennings, 2000). Although not sufficient, technological changes are regarded as 
a necessary requirement for sustainable development (González, 2009) and recent efforts by 
international organizations such as the OECD  to stimulate industry towards sustainability (e.g 
OECD, 2009), point to the need for continued efforts in the rapid development and diffusion 
of environmental technologies (Suzuki, 2012). 

In the academic discourse, numerous literature since early 90s provides insights on 
environmentally conscious design (ecodesign) – concepts, models, methods, tools, and their 
application (e.g.,  Alting and Legarth, 1995; Baumann et al., 2002; Karlsson and Luttropp, 
2006; Ramani et al., 2010). Ecodesign mainly addresses material selection, packaging, part 
recyclability, modular structure, and functional optimisation within physical products such as 
a personal computer. Research about Product/Service System (PSS) (Boehm and Thomas, 
2013; Meier et al., 2010; Mont, 2002; Mont and Tukker, 2006; Tukker, 2014), emerged late 
90s partly in order to overcome some limitations of ecodesign. PSS design enhances 
ecodesign by incorporating service (repair, performance guarantee, take-back, etc.) into the 
design space. PSS typically addresses products such as a copier, an aircraft engine, and a 
production machine with their related services. However, a gap exists between the long-term 
and far reaching changes stated above and the insights gained from ecodesign and PSS design. 
First of all, little literature about ecodesign and PSS design targets large-scaled systems such 
as a district heating system. Secondly, most of the literature about ecodesign and PSS are on 
the context of business to consumer and business to business. These large-scaled systems, on 
the other hand, are often dealt with on the context of business to government. Thirdly, these 
large scaled systems are typically associated with changes in social norms, cultural values and 
formal institutional structures, which are typically outside of ecodesign and PSS design. 
However, those changes potentially can deliver system wide environmental improvement 
compared to improvements in processes and products (OECD, 2009).  

Among several reasons, the lack of proper handling of the business aspects of environmental 
technology development is deemed as a significant barrier as improper technology 
development in its exploitation and diffusion (Cerin et al., 2007). With market signals for the 
development and diffusion of environmental technologies growing increasingly strong, it has 
become vivid that improvements are needed in the current approaches to exploiting 
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environmental technologies (Kanda et al., 2013). Though varying projections have been made 
regarding the growth potential of the environmental technology sector and factors influencing 
it, recent research gaps point to the lack of sufficient theoretical and practical knowledge 
about how to move current production and consumption systems towards sustainability, and 
how to create win-win business situations for stakeholders contributing to firm and system 
level sustainability (Boons et al., 2013). What even makes this a pressing need is that current 
short term profitability oriented business models and strategies used by firms can cause 
economic, ecological and ethical crises. 

The goal of this article is twofold, first to offer an expanded view on ecodesign of PSS design 
with large scaled socio-technical systems and then to propose and discuss important 
components to consider when developing business concepts based on large scaled 
environmental technology systems. To achieve these two goals, we begin with the definition 
of environmental technology and factors influencing their diffusion in section 2 and also 
review some previous literature on the ecodesign of products and services. Section 2 ends 
with a review of business models in the literature on products and services which lay a 
foundation for our empirical data collection and analytical expansion onto business models 
for large scaled offerings. Section 3 presents the method for empirical data collection 
including an overview of the selected firm cases. In Section 4, the results are presented which 
lay a foundation for the discussions in Section 5. We conclude in Section 6. 

2. Expansion of ecodesign from products and services to socio-

technical systems 

2.1 Environmental technology diffusion 

The term “environmental technology” is used interchangeably with other terms such as 
environmentally sound technologies, cleantech, greentech, sustainable technologies, and 
green technology. With the different uses and meanings associated with the term, there is no 
internationally agreed upon definition for environmental technology among public and 
academic actors. In this paper, we refer to environmental as technologies (products, services, 
organizational models, large technical systems) whose development and use actually provide 
or is intended to provide a better environmental performance from a life cycle perspective 
than their relevant alternatives. Technology diffusion describes the aggregate adoption 
decision by a population of potential adopters over time and the number of factors influencing 
environmental technology diffusion can be numerous and thus complex if not impossible to 
model in entirety (Kemp and Volpi, 2008). At the firm level, the decision to engage in 
environmental technology adoption is influenced by a wide array of socio-economic and 
institutional factors (Montalvo, 2008). Some of these factors are internal to the adopting firm 
e.g. the financial commitment for technology change, the absorptive capacity of the firm (e.g. 
technological competency, skilful human resources) and the commitment of top level 
management to the change. Other decisions factors are external to the firm such as 
environmental regulation, pressure from networks and competitors. Particular factors 
influencing  environmental technology adoption include the complexity of the technology, its 
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compatibility with existing systems (Mejía-Dugand et al., 2012), the importance of financing 
(González, 2009) and its systemic nature requiring multiple actors to act in an collaborative 
manner (Rohrbeck et al., 2013). 

2.2 Ecodesign and PSS design 

Sustainable development is applied in specific contexts such as production, consumption, and 
innovation to elucidate approaches within such contexts geared towards sustainability. For 
industrial needs, several strategies have been contrived and continue to be extended to 
stimulate development towards sustainability. Early approaches focused on pollution control 
mainly with “end-of-pipe” technologies. Changes occurred towards pollution prevention and 
cleaner production with “front-of-pipe” technologies with the philosophy to anticipate and 
prevent environmental damage. Within this proactive approach, strategies such as 
environmentally conscious product design – ecodesign emerged.  

Ecodesign deals with the integration of multifaceted aspects of design and environmental 
performance with the main objective to improve product development with environmental 
considerations (Karlsson and Luttropp, 2006). Different terms are used to refer to the same 
notion as ecodesign, e.g. life cycle design (Alting and Legarth, 1995; Ramani et al., 2010), 
design for environment (Fiksel, 1996), and green product development (Baumann et al., 
2002). The integration of environmental consideration has been partly motivated by the 
significant impact the design phase of a product has on environmental performance during its 
production, use and end-of-life treatment (Lindahl, 2005).  Although several definitions exist 
for ecodesign, Karlsson and Luttropp (2006) conclude that ecodesign is about design in and 
for a sustainable development context.  Different methods and techniques for ecodesign (e.g. 
Baumann et al., 2002; Ramani et al., 2010) have been developed and some are utilized in 
industry (e.g. Knight and Jenkins, 2009). They support, for instance, material selection, design 
for recyclability, modular design, product packaging and functional optimisation. Although 
ecodesign is crucial for the environmental performance of products, criticisms exist over 
potential increase in total life cycle environmental impact of ecodesigned products. As Sakao 
and Shimomura (2007) point out, ecodesign is focused on the design phase of a product by 
definition, and excludes control over the subsequent phases such as the production, use, and 
end-of-life treatment phases. This is partly why very few ecodesigned products on the market 
have achieved sustainable consumption. 

The concept of Product/Service System (PSS) was introduced partly to tackle some 
limitations of ecodesign (Mont and Tukker, 2006). The PSS concept focuses on delivery of 
functionality by combining products and services to satisfy customer needs with a potentially 
lower environmental impact than traditional product sales (Mont, 2002). For example, Rolls-
Royce provides gas turbine engines and related services under a contract termed “power-by-
the-hour”, and gets paid for performance instead of for selling engines (Boehm and Thomas, 
2013). Instead of companies selling more products to maximize profits, they are incentivised 
to minimize material and energy consumption and increase product reuse, recycling and 
remanufacturing through PSS approaches. Different methods have been developed for PSS 
(Meier et al., 2010; Tukker, 2014), and environmental benefits from PSS are claimed in some 
cases (Lindahl et al., 2014). Yet, insights from ecodesign and PSS design gained thus far are 



5 

 

not sufficient for ecodesign of the large scaled systems, which are often dealt with on the 
context of business to government as well as are typically associated with changes in social 
norms, cultural values and formal institutional structures. Indeed, scholars such as McAloone 
and Andreasen (2004) have called for an expansion of the focus from the design of simple 
artefacts to the innovation of product service systems. And more so, a combination of 
technological and non-technological changes can potentially deliver system wide 
environmental improvement compared to changes in processes and products (OECD, 2009). 
Business models potentially offer the possibilities for such expanded view due to its 
consideration of technological and non-technological factors.  

2.3 Business models 

As a definition, Amit and Zott (2001) have stated “a business model depicts the content, 
structure, and governance of transactions designed so as to create value through the 
exploitation of business opportunities”. Numerous papers have described business models 
with various approaches. Some of them have a generic view, others have specific targets in 
terms of industrial sectors or offering types. Below is a description of business models 
relevant for this article from selected literature. These selected business models follow the 
space of expansion from ecodesign of products and services to socio-technical systems as 
shown in Fig.4. First, Osterwalder and Pigneur (2010) present a general business model which 
in principle can be applied across different offerings types and industrial sectors.  Mason and 
Spring (2011) discuss business models for products, while Lay et al. (2009) present business 
models based on products and services in business-to-business contexts. Okkonen and 
Suhonen (2010) discuss business models for heat energy production which are typified by 
large technical systems. These business models are elaborated below.   

As a practical guide, Osterwalder and Pigneur (2010) introduce the “business model canvas”, 
see Fig.1 below, which builds upon nine blocks: customer segments, value proposition, 
channels, customer relationships, revenue streams, key resources, key activities, key 
partnerships, and cost structure.  
 

 

 

 

 

 

 

Fig.1. The building blocks of “the business model canvas” (Osterwalder and Pigneur 2010) 

For business physical products such as music players, Mason and Spring (2011) propose the 
“Business model framework” with three core elements for business modelling: technology, 
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market offering and network architecture. These are based on theories in technology and 
innovation studies, industrial marketing, operations strategy, and evolutionary economics. 
Each element has multiple dimensions as depicted in Fig. 2.  

 

 

 

 

 

 

 

 

Fig. 2. Business model framework by (Mason and Spring 2011) 

For combined products and services offerings, Lay et al. (2009) identified relevant parameters 
to describe business concepts: ownership during phase of use, ownership after phase of use, 
responsibility for production personnel, responsibility for maintenance personnel, payment 
model, number of customers, location of operation. Each parameter has several options as 
shown in the Fig.3. 
 
 
 

 

 

 

 

 

 

 

 

 

Fig.3. Morphological Box as a framework to describe new business concepts (Lay, et al. 
2009) 
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Looking at the area of heat energy production, Okkonen and Suhonen (2010) researched 
several factors influencing transfer of know-how and technologies between regions, 
transferred objects, stakeholders involved in processes and transfer media. They propose four 
main parameters in business models as: investment, ownership, operation (heat production, 
fuel supply) and earning logic.   

From the existing literature, we selected six important components for business models. The 
selection of these components is discussed in the analysis and discussions section where they 
lay a foundation for business modelling based on large scaled environmental technology 
systems. These selected basic components from the existing literature are: 

• Market 

• Finance  
• Resources 
• Activities 

• Partnership 
• Ownership and responsibility 

Fig.4. provides a synthesis of the theoretical reasoning which has guided the expansion of 
environmental conscious design form products to products service systems to socio-technical 
systems which we provide. The left hand side, vertical axis, depicts potential environmental 
benefits from changes in products, services and large scaled environmental technology 
systems, while the horizontal axis depicts the object in focus. On the right hand side, vertical 
axis of Fig. 4 is the scope of the business model. As has been discussed above, business 
models for products, the typical focus of ecodesign have a narrow focus which expands to 
cover more actors and factors with the inclusion of services in product service systems design. 
Even so, a broader business model scope emerges when we introduce large scale 
environmental technology systems which have both technological and non-technological 
aspects such as human and social dimensions of technology adoption and use. As can be seen 
in Fig.4, the potential environmental benefits delivered by concepts such as ecodesign and 
PSS have been gained from improvements in products (e.g. personal computer, refrigerator); 
and products, service systems design (e.g. delivering the function of an engine) with little 
insights on socio-technical systems such as district heating, biogas production and distribution 
systems, waste management systems characterised by a socio-technical nature. However, 
large scaled systems which combine technological (e.g. processes and products) and non-
technological (e.g. institutions, organisations and human and social factors) change have the 
potential for radically higher environmental improvements (OECD, 2009) because they 
consider several different actors and aspects of the technical systems and this is the space into 
which this paper expands ecodesign from products service systems.  
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Fig.4. Expansion of ecodesign from products and services to socio-technical systems 

3. Methodology 

In this section, the logic used to select the case companies and the approach to collect primary 
and secondary data is discussed. As stated in the introduction, the goal of this article is 
twofold, to offer an expanded view on environmental conscious design of products and 
services with socio-technical systems and then to propose and discuss important components 
to consider when developing business concepts based on environmental technology. Since 
business modelling based on environmental technology is a still a budding research topic 
(Rohrbeck et al., 2013) a qualitative approach was adopted to explore the concept. In doing 
so, we intend to shed light on the phenomenon under investigation by collecting and analysing 
data from selected cases and discussing potential generalization implication for a wider 
application (Yin, 2008).  

The case companies selected for in-depth investigation in this study are characterised by large 
scaled environmental technology systems which require multiple actors to act in a 
collaborative fashion for a common purpose. As shown in Table 1 which presents the 
interview coverage, examples of such large scaled environmental technology systems include 
waste management systems (collection, transportation and end-treatment), biogas for 
transportation systems (biogas production, distribution and use) and waste-to-energy systems 
such as incineration with energy recovery (electricity and district heating) (refer to Table 1). 
These systems involve several different political, social, and technical actors operating on 
different levels towards a common purpose of a well-functioning technical system. The 
selected case companies, as shown in Table 1 below enriches the study with the differences in 
their focus environmental technology offerings. With such a variation among the selected 
cases, any common pattern that emerges is of particular interest and value in capturing the 
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core experiences of particular phenomenon under investigation (Olausson and Berggren, 
2012). 

The empirical data collection followed an in-depth investigation of selected cases (see Table 1 
below) with a combination of various approaches and sources of information. The first step in 
the data collection was to review scientific literature around the concepts of environmental 
technology diffusion, ecodesign, product services systems, and business models which 
provided theoretical point of departure for both the research design and also serves as input in 
the analysis of the empirical data. Semi-structured face-to-face interviews which lasted 
between 60 to 120 minutes were carried out with top management in the selected companies 
or other management level employees who have been actively involved in business model 
development. The interview guide was sent to the interviewees while booking the interview 
appointment to give them ample time for gathering relevant information for the discussions. 
The interviews were conducted by two researchers to enhance the diversity and interactions 
during the discussions. Within 24 hours of each interview, it was transcribed and sent back to 
the interviewees for further validation. This was to keep the content accurate from both the 
interviewer and interviewee perspective. Secondary data from the company webpages and 
annual reports were used to complement this primary data.  

Table 1: List of interviewees and company focus 

Company Large scaled environmental 
technology system 

Interviewee 

Tekniska Verken AB  
Linköping 

Solid waste incineration with  
energy recovery (electricity and 
district heating). 
 

Chief Executive Office 
Head of business 
development 
Marketing director 

Usitall AB Development of Solid waste 
incineration with  
energy recovery (electricity and 
district heating) projects. 
 

Chief executive officer 

Svensk Biogas Biogas production processes Chief executive officer 
Biogas research and 
development manager 

Swedish biogas 
international 

Biogas digesters and production 
processes 

Project manager and process 
engineer 

VafabMiljö Biogas production and solid 
waste recycling 

Development engineer 
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4. Business development of large scaled environmental technology 

systems 

The section presents the existing business modelling approaches used by the selected case 
companies based on large scaled environmental technology systems.  

Usitall AB, specializes in the development of waste-to-energy projects (with district heating 
and electricity). Their main targeted markets are Central and Eastern European countries 
prioritised based on the (i) projected availability of raw materials (i.e. municipal solid waste), 
(ii) demand for heating and already existing district heating infrastructure (iii) European 
Union legislation banning the landfilling of organic waste and (iv) the non-existence of 
already established large energy companies in the market. The company’s business 
development consists of four phases (i) Establishment (ii) Secure sponsor (iii) Secure 
financing and (iv) Construction as depicted in Fig 5. Each stage has a particular activity since 
this business development was based on their core competence which is the ability to develop 
and operate waste-to-energy systems in collaboration with other competencies such as 
knowledge on local culture and legal requirements which are tapped from external partners. 

 

 

Fig. 5. Phases in Usitall’s business development 

The entire project of constructing a waste-to-energy facility for incineration is estimated to 
take between 7 to 10 years from securing the first agreement to finish. The characteristics of 
the raw material and the end-products being dealt with in this project means that the business 
model has to be able to accommodate different kinds of markets interacting with each other. 
These include (i) the waste-as-material market (ii) the financial market (iii) the commercial 
market for heat and electricity. Dealing with these different kinds of market can be a difficult 
and demanding task. The company has to be able to meet all formal and informal expectations 
from various actors in these different markets to be able conduct business. The company uses 
incineration plants which have been built and run by its mother company for several years as 
a reference project to build trust from customers abroad and also to show competence. 
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Svensk Biogas focuses on biogas production from biological waste. The company’s research 
and development (R&D) unit focuses on developing knowledge and additives for optimizing 
biogas production processes. With the expertise in optimizing biogas production processes, 
the R&D unit undertakes sporadic business initiatives abroad outside its ownership 
municipality. The research and development unit is in the very early phases of market 
expansion activities and thus employs different business approaches in parallel. These include 
(i) licensing patent agreements, (ii) partaking in government funded projects (iii) reacting to 
customers’ demands upon request. Their main source of market expansion activities has been 
through a licensing agreement with Kemira a private chemical manufacturing company. The 
R&D unit has developed a component of a product manufactured and sold by Kemira. Kemira 
pays a license fee based on the amounts of this products sold. On the other hand, the unit has 
had two small projects abroad in Malta and Estonia regarding optimizing biogas production 
processes in already established biogas production facilities. The source of income in these 
projects has been through the man hours expended and delivery of reports. 

Swedish biogas International (SBI) is established in 2006 specializes in building and 
operating biogas production facilities. The target customers are municipalities’ in Sweden and 
also other countries such as USA and South Korea. The company’s operations in South Korea 
have been terminated partly because of differences between the home and the host market e.g. 
differences in customer preferences, business culture, laws and regulations. The company was 
engaged in these markets mainly because of the availability of secured public funding to 
undertake the biogas projects, supply of raw materials and the demand for the end products 
from the biogas production. Future market interests include Poland and other European 
countries around the Baltic Sea because of the demand for proper end-treatment of farm 
residues and run-offs threatening the sea. Swedish biogas international employs an active 
marketing strategy through participation in conferences, advertisement in the media, 
exhibitions and offering guided tours of its biogas production facilities to potential customers. 
They often employ a variety of approaches to enter a market depending on the target 
customer. These include (i) participation in government funded projects e.g. entering the US 
market was facilitated by a grant agreement between the Michigan economic development 
agency and the Swedish government.  Their other business approaches include (ii) developing 
biogas plants for self-financing private customers e.g. farmers with biogas production raw 
materials. SBI also offers services on optimization the biogas production process at a fee. The 
company also builds industrial sized plants for municipalities and other larger customers with 
business approaches customized to fit the various markets and customer needs. This is partly a 
reflection from the fact that the input raw material often has different characteristics between 
customers and in different countries based on regulations and also the products from the 
biogas production process have different values based on customer preferences, market 
incentives including regulations. For example biogas as a vehicle fuel is not a very interesting 
option in the United States because of the low prices for competing vehicle fuel. Also the raw 
material for biogas production in some states in the United States from animal slaughter are 
not sorted and thus contains a mixture of digestible and non-indigestible components which 
have to be pro-sorted before use. The company thus have to be aware of the different 
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regulations on different markets and how that influences the design and operation of their 
biogas plants including business models. 

Vafab Miljö  is a municipality owned company focused on solid waste management with over 
30 years’ experience. The company specializes in anaerobic digestion of organic waste and 
solid waste material recycling collected from owner municipalities. The company interest in 
market expansion is partly motivated by the objective to recruit and keep employees by being 
an attractive working place and to contribute to global sustainability. In their approach, the 
parent company dedicates some of its employees to find financial aid from international 
development oriented organization such as the Swedish Agency for International Aid, SIDA 
to enable them engage in market expansion projects abroad. The company’s market expansion 
activities are thus pre-financed before they engage themselves in foreign markets. The 
company deals with systems such as waste management systems focused on the recycling of 
solid waste. Such systems incorporate the collection, transportation, end treatment of waste 
and the delivery of the end product to the market. To be able to have such a system properly 
functioning also requires effective waste management policies and the cooperation of citizens 
through for example proper waste sorting. The company thus collaborates with other actors 
such as universities, politicians, private companies, citizen groups both home and abroad to 
undertake such market expansion activities. The content of their activities is to some extend 
determined by the funding agency, SIDA through the kind of project they support which in 
the long run also adds legitimacy to the project through the support of the funding agency, 
SIDA which is internationally renowned for engaging in development projects.  

5. Discussion 

5.1 Analysis of characteristics of environmental technology 

In order to develop an adjusted method for supporting the design of business concept for 
environmental technology (ET) diffusion, it is necessary to identify its characteristics. Table 2 
summarizes particular characteristics of ET on the left hand side based on the empirical 
interviews conducted in this study as described in the cases presented above in Section 4. On 
the right, Table 2 shows each characteristic’s reference or relation to existing scientific 
literature. For instance, González (2009) identified several characteristics of environmental 
technologies which may have effect on their development and adoption: 

• “The inertia to stick to existing technologies” 

• Complexity (e.g. additional training is needed) 
• Compatibility with the existing production systems  
• High initial investment 

 
In addition, for the development and adoption of different types of ET, different determinants 
may be considered depending on the country (González, 2009). For instance, the adoption and 
use of most end-of-pipe technologies such as air pollution filters, waste water treatment is 
typically influenced by policy and regulation since many firms have traditionally perceived 
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investment in such technologies as an extra cost since they are often add-ons to existing 
productions systems for environmental protection and clean up (González, 2009).  

In addition, Corvellec and Bramryd (2012) studied the business model of two waste 
management companies in Sweden and found that they deal with four different markets as: 
political market, waste-as-material market, technical market and commercial market. Working 
with all of these markets which have different attributes and handling their interrelationships 
are strategic challenges for such companies (Corvellec and Bramryd, 2012). 
 

Table 2. Characteristics of environmental technology  
From the interviews Reference/relation to literature 
Complexity Complexity exhibited by some environmental 

technology types requires additional training 
for workforce upon adoption (González 2009) 

Importance of financing High initial investment (González 2009) 
Need to address different market types Environmental technology companies have to 

compete and remain legitimate in different 
kinds of markets (Corvellec and Bramryd, 
2012) 

Need to adapt to the target market 
(including regulation) 

Compatibility with the existing production 
system (González 2009) 

Relevance of systems approach (including 
social and human aspects) 

Sustainability driven innovations require 
multiple organizations to act in an 
orchestrated fashion (Rohrbeck et al., 2013) 

 
Now, the question is “How can one support design of this type of business concept?” In 
seeking an answer to this, the article has selected wished characteristics of the business 
concept to be developed. The business concept should incorporate a systems approach 
including non-technological dimensions such as social and human aspects; should be able to 
check legitimacy and private-public partnerships and also support the adaption to the target 
market including market regulations. 

5.2 Adjustment of existing business models based on environmental 

technology 

To formulate business concepts based on environmental technology offerings, an iterative 
three step process was undertaken (see Fig.6.) to collate components from existing business 
model literature, synthesis relevant characteristics of environmental technologies from 
empirics and formulate business concepts for environmental technology diffusion. 
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Fig.6. adjustment of existing business models 

Needed adjustment on the methods 

Based on the analysis on the literature review and empirical findings, the article proposes 
adjustment of the important components for business models selected from the existing 
literature. First, it proposes to add legitimacy as a new component. Second, it proposes to add 
two sub items: regulation under market and public-private partnership under partnership. All 
these are based on the characteristics found from the interviews and supported by literature. 
See the sub-section below for a deeper discussion on the new additional (sub) components 
and the reasoning behind their addition. The components of the proposed business concept 
are: 

• Market 
o Regulation  

• Finance  
• Resources 
• Activities 

• Partnership 
o Public-private partnership 

• Ownership and responsibility 

• Legitimacy 

As illustrated in Fig 6. above, the formulated components for business modelling based on 
environmental technology builds on existing literature and the proposed finalist of 
components is focused on a level of detail which is supposed to facilitate management  
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discussions and planning about environmental technology diffusion rather than providing a 
model to follow.  

In developing this new business concept, step 1 followed an exploratory literature review of 
academic literature to establish a foundation both for collection of and analysing empirical 
data. This was based on the understanding that there was a number of existing approaches for 
business modelling in general and that business modelling for environmental technologies 
would share certain similarities to existing business models. As can be seen from the 
outcomes of the search in step 1, Fig 6, both generic business models (Mason and Spring, 
2011; Osterwalder and Pigneur, 2010), as well as business model for specific types of 
offerings – product service offerings (Lay et al., 2009) and entrepreneurship – heat 
entrepreneurship  (Okkonen and Suhonen, 2010) were detected. The focus in this step was on 
collecting information on different and diverse approaches to business modelling – a selection 
strategy for complementary outcomes based on anticipated reasons (Yin, 2008). As stated 
earlier in the research methods, the selected four business models reviewed also follow the 
space into which this article expands ecodesign from products, service systems and to socio-
technical systems (see Fig.4.). 

In step 2, the notion of a similarity outcome among different sources about a particular 
phenomenon was used in synthesising and abstracting from previous literature. As explained 
by Olausson and Berggren (2012), any common pattern that emerges from variation of 
sources is of particular interest when analysing the shared dimensions of a particular 
phenomenon. As shown in step 2 in Fig. 6. above, a desire for compelling similarities was 
used to classify the components from the different business model approaches found in the 
literature through step 1. In total, six components were aggregated at the end of this step. The 
relation of the aggregated components to the existing components of business models is 
shown in step 2.  

In step 3, we did a gap analysis, where we compared the characteristics of environmental 
technologies found from the empirical data collection and abstracted components from the 
business model literature in step 2. As can be seen in Fig 6 above, some of the characteristics 
of environmental technologies are covered by existing business modelling approaches except 
for their “complexity” and “systems approach”.  We introduce one new component as 
Legitimacy and also two new sub-components as Regulation as part of “Market” and also 
public-private partnership (PPP) as part of “Partnerships”. These new (sub) components are 
introduced to cover for the characteristics of environmental technologies i.e. complexity and 
systems approach which were not explicitly covered in existing business models. These new 
additional components are influenced by our selected cases but represent particular 
characteristics of sustainability driven innovations which have also been mentioned in the 
literature as shown in Table 2 above. The new components are further discussed below. 

The addition of “private-public partnership” is motivated by the systemic nature of such 
sustainability driven innovations which means that different actors have to collaborate in an 
orchestrated fashion (Rohrbeck et al., 2013) to enable the proper functioning of such 
environmental technologies. E.g. of such situations include collaboration between public 
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funders and private companies to establishment environmental technology projects. The sub-
component “regulation” is emphasised as a new sub-component because of the significant 
influence regulations have on the environmental technology sector. Regulations influence 
what is regarded as waste, its characteristic and what the outcomes of its processing could be 
in different countries. For example (Corvellec and Bramryd, 2012) recognises that 
environmental technology companies dealing with waste to energy tackle different kinds of 
markets such as political market where their validity as an organization is tested, a waste-as-
material market, a technical market in which these companies choose alternative treatment 
technologies, and a commercial market on which they sell the products of the waste treatment. 
Companies need to be aware of and follow regulations on these markets in order to operate 
and more so meet the environmental performance targets. In addition, regulation is known to 
play a significant role in the diffusion of end-of-pipe technologies such as air filters and waste 
water treatment (González, 2009). 

Legitimacy as a new component refers to social acceptance and the compliance with relevant 
institutions and regulations (Bergek et al., 2008). The environmental technology provider 
needs to be considered capable and trustworthy by relevant actors for resources to be made 
available, for demand to form and to collate the systemic actors needed around environmental 
technologies. From the systemic characteristics of environmental technologies detected from 
the interviews, legitimation is an important pre-requisite to meet formal and informal 
expectation and thus get the collaborative partnership working together. In addition, the 
complexity of environmental technologies means that sometimes at the unit of adoption, 
additional training needs to be offered to workforce and the willingness of such workforce to 
learn such new skills and in the first place adopt environmental technologies would be 
influenced to some extent by the legitimacy of the technology and its provider. The process of 
legitimation is not given and often complicated and takes a long time (Bergek et al., 2008). 
Strategies to legitimation include “manipulation” i.e. changing the rules of the game, 
“conformance” choosing to follow existing social and formal expectations and through 
“creation” – influencing and developing new institutional frameworks. In the case of 
environmental technologies, achieving legitimacy through compliance can follow conscious 
company strategies to comply with market regulations, standards, prove of long term 
operations, (sustainability) meanings of the business and concept to enable the provider build 
competence and trustworthiness. Analysing the legitimacy of the environmental technology 
and that of its providers from the perspective of relevant actors could prove important in 
environmental technology diffusion. 

6. Conclusions 

The article started with two goals. First to offer an expanded view on environmental 
conscious design of products and services with large scaled socio-technical systems and then 
to propose and discuss important components to consider when developing business concepts 
based on large scaled environmental technology systems. This paper opens up interesting and 
new research agendas on the design of business concepts based on environmental 
technologies. In specific, it represents an attempt to expand ecodesign for products and 
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services into large scaled socio technical systems, a discussion which has been missing in the 
previous literature on ecodesign and environmental technology diffusion. In this attempt, we 
expanded ecodesign as an approach to include environmental dimensions into product 
development through to the design of product service systems to that of large scaled technical 
systems. Though both concepts of ecodesign and Product/Service System design are typically 
targeted at improvements in environmental performance, we even take this discussion further 
by expanding the focus to cover large scaled technical systems. We argue that such large 
scaled technical systems design should have a broader business models which includes social 
and human dimensions and also compliance with formal and informal expectations and thus 
potentially offers the opportunity for system wide environmental improvements than for 
example incremental changes in products and services. Nevertheless the design and control of 
business models for such large scaled systems is not an easy task due to their systemic nature 
and thus needs support through tools, and methods around which management and relevant 
actors can have discussions. We thus identified relevant factors to consider when designing 
business concepts based on environmental technologies. These components are: market 
(including regulation), finance, resources, activities, partnership (especially public-private 
partnership), ownership and responsibility, and Legitimacy. Among these factors, regulation, 
public-private partnership, and legitimacy were found as particular for environmental 
technologies.  
 
Linking the discussions from the proposed business concepts for large scale environmental 
technology systems to the theoretical expansion presented in Fig 4, interesting discussions can 
be made particularly relating to environmental benefits and also the scope of business model. 
The business models focus on products and services has largely had a narrow focus and also 
the approaches to environmental improvement have been through modifications and redesign 
on the product and service level typically in a business to business context. This focus on 
improvement on the product and service level tends to be typically technological with 
incremental environmental benefits as depicted in Fig 4. With the introduction of a broader 
scope of business concepts based on large scaled environmental technology systems, new 
components of legitimacy, private-public partnerships and regulations are introduced which 
give a broader focus than in ecodesign and PSS design. Given the targets with this the new 
components and their interplay in the socio technical system, such as their ability to capture 
social and human dimensions, formal and informal expectations means that they can 
potentially deliver system wide environmental improvements compared to ecodesign and 
product and service systems design as shown in Fig 4.      

Since this research potentially opens up new stream of research on business concepts based on 
environmental technologies, further research could point in several directions. Potentially 
interesting aspects include deeper case studies in which the proposed concept is exploited and 
validated for example using the case of successful large scale environmental technology 
system diffusion. 
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