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Abstract 

Adoption of Solar Thermal into District Heating 

Systems 

 
 

Alex Pyndzyn 

 
 

Recently, there has been an uptake of integrating solar thermal into district 

heating (DH) systems. It has been recognized as one of the paths towards a 

more sustainable future. However, there are some countries where the 

adoption is very slow, regardless of its market readiness. Adoption and diffusion 

literature points to the need to investigate slow adoption examples to 

contribute to the already existing knowledge. Consequently, this thesis 

investigates influencing factors, barriers, and drivers for the slow adoption of 

solar thermal into DH systems. 

 

A case study was carried out to identify influencing factors for the slow 

adoption of solar thermal within DH systems. The case was chosen based on 

purposive and extreme sampling as it referred to the adoption of the first large-

scale solar thermal into DH systems in France. Stratified purposive sampling, in 

combination with snowball sampling, was used to acquire eleven interviews. 

Thematic analysis was utilized to analyse the findings. 

 

Results identified four themes, Technology, Environmental Regulations, 

Management of DH systems, and Financials, where each theme contained 

several subthemes. Barriers and drivers were developed from the subthemes. 

Among the most prominent barriers were the combination of lack of 

experience and a rigid legal framework, resulting in the barrier of ex-post 

integration, which implies considering the whole DH system when integrating 

new technologies. Another identified prominent barrier was cheap fuels which 

include biomass, as well. Environmental policies were found to both help and 

hamper the adoption. A driver, called a champion, mainly pushed the adoption 

of solar thermal within the studied case.  

 

In conclusion, several barriers and drivers can influence the adoption of solar 

thermal into DH systems, and taking them into account should facilitate its 

adoption. Next, investigating a slow adoption case proved to be a valuable 

venue for acquiring new knowledge. Lastly, based on the empirical results of 

the studied case, solar thermal could not be labelled as an environmental 

innovation, which has alarming implications for achieving sustainable 

development goals in the future. 
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Popular Science Summary 
 

District heating is one of the types of in-building and water heating in urban areas, where heat 

is generated in a central point and then subsequently transferred via a heat carrier through a 

network of pipes buried in the ground. Solar thermal is one of the renewable energy 

technologies, which can be integrated into a district heating system, making the system greener. 

It is called solar district heating. It exploits the energy from the sun by heating the heat carrier 

with solar technology. Integrating solar technology into district heating systems has been 

known since 1980, but only recently has the uptake increased. There are also markets, which 

seem ready to accommodate this technology, yet the adoption is slow. Consequently, this thesis 

aims to look at influencing factors for adopting solar technology in district heating systems. 

These influencing factors are divided into barriers and drivers, which hamper the adoption and 

push the adoption, respectively.  

 

The slow adoption was identified within the French context. Therefore, a case where large-

scale solar district heating was adopted for the first time in France was studied. Interviews were 

used as the primary source of information. Eleven interviews were conducted, where a set of 

questions were posed. These interviews were analysed, where common patterns/themes were 

looked for within the interviews. Four main aspects – Technology, Environmental Regulations, 

Management of DH systems, and Financials – were identified. These aspects included several 

sub-aspects from which barriers and drivers were developed.  

 

Ten barriers were identified: high-temperature levels, lack of experience, low involvement, 

cheap fuels, etc. Six drivers were identified, such as previous experience, symbolic meaning, 

no interference with the nuclear industry, carbon tax etc. The identified barriers and drivers are 

interconnected among each other. Among the most dominant influencing factors were lack of 

experience, combined with a rigid legal framework, due to which the barrier of ex-post 

integration occurred. Next, the barrier of cheap fuels was found to include biomass as another 

competitor to solar thermal. Environmental policies did help by tackling high up-front costs, 

but its universality also prioritised biomass, making it inappropriate/inefficient. Big size of solar 

collectors raises the costs since more land is required and was identified as a barrier. However, 

thanks to its size, it was also identified as a driver in the form of symbolic meaning. Even 

though, as mentioned before, the lacking experience of solar thermal can be detrimental, 

previous indirect experience with other eco-projects can help the adoption. Lastly, the adoption 

of solar thermal into the studied DH system was pushed primarily by one person only, the 

champion.  

 

It can be concluded that there are many influencing factors for adopting solar technology into 

district heating. Some of the identified influencing factors correspond to the existing research. 

Nevertheless, some of them were newly discovered, which proves that studying slow adoption 

examples is valuable. Another added value of this thesis is that solar technology could not be 

considered an environmental innovation within the studied case, which has severe implications 

for reaching sustainable development goal No. 7 to increase the share of renewable energy by 

2030 substantially. Lastly, it should be remembered that the study was conducted under the 

French context, and therefore extending both the results and their implications might not be 

accurate.  
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1. Introduction 
The first chapter provides a motivation for this study to be conducted. It introduces the 

phenomenon of solar district heating and bridges it with the innovation management literature. 

The chapter follows with the aim, research question and its delimitations.  

 

1.1. Background 
The ongoing problem of global warming is directly linked with the extensive increase of 

greenhouse gases (GHGs) in the atmosphere, which are believed to have risen to record levels 

not seen in three million years (McCarthy, Best and Betts, 2010). Two-thirds of GHGs are 

comprised of carbon dioxide (CO2), which is the main product of the combustion of fossil fuels 

(ibid). Burning fossil fuels accounts for the most significant share of manmade CO2 emissions. 

Therefore, to combat the imminent issue of climate change, the primary focus has been put on 

reducing the CO2 manmade emissions (Streck, Keenlyside and von Unger, 2016). 

 

According to the International Energy Agency’s 2020 report, 40% of global CO2 emissions in 

2019 came from the combustion of fossil fuels, intending to produce heat (IEA, 2020c). 

Furthermore, 50% of final global energy consumption in 2019 came from heat only, whereas 

20% and 30% corresponded to electricity and transportation, respectively (ibid). Similar shares 

can be seen from Figure 1 below, indicating total final energy consumption in 2017 published 

by the global renewable energy community, REN21. From all produced heat, 47% was used 

for in-building space and water heating. In Europe, 80% of final energy consumption accounts 

for domestic hot water and space heating (Tschopp et al., 2020). Moreover, 84% of European 

heating production is based on fossil fuels (ibid). 

 

 
Figure 1 - Renewable Share of Total Final Energy Consumption, 2017; Adopted from: REN21, 2020 

 

District heating is one of the types of in-building and water heating in urban areas, where heat 

is generated in a central point and then subsequently distributed through a network of pipes to 

satisfy local customer heat demands (Martínez, Ebenhack and Wagner, 2019). The dominant 

primary fuel sources for district heating systems in both the world and Europe are fossil-based 

(Werner, 2017; Bertelsen and Vad Mathiesen, 2020). Recent technological advancements, such 

as solar collectors, geothermal, or heat pumps, have been recognised to lower the environmental 

impacts of district heating systems (Sayegh et al., 2017; Bertelsen and Vad Mathiesen, 2020; 
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IEA, 2020a; REN21, 2020). However, less than 16% of the heating and cooling energy 

consumption in the EU is supplied by these renewable technologies (Tschopp et al., 2020). On 

the other hand, the share of renewable technologies is expected to rise substantially, reflecting 

the logic behind the sustainable development goal No. 7 Affordable and Clean Energy (more 

specifically, target 7b, which emphasises increasing renewable energy substantially) (Munro, 

van der Horst and Healy, 2017).  

 

Solar collectors are considered as one of the renewable technologies, which can be implemented 

into district heating systems. Even though solar collectors' first integration into district heating 

systems dates back to 1980, only recently has the adoption taken a faster pace, thanks to the 

transition towards the fourth generation of district heating (Werner, 2017; Sulzer et al., 2021). 

Nevertheless, the adoption is prominent solely in few countries, such as Denmark, China, 

Austria, and Germany (Tschopp et al., 2020). Other European countries, where the biggest 

district heating market is located, are believed to continue in this trend. One of these countries 

is France, where conditions for integrating solar thermal into district heating are considered 

favourable, yet the number of cases does not exceed a two-digit number (Le Denn et al., 2014; 

Trier et al., 2018).  

 

Diffusion of innovations literature investigates how an innovation is adopted and then diffused 

(Sahin, 2006). The current literature aims to identify different factors and their influence on the 

adoption and diffusion processes (Halila, 2007). Staying within the realm of renewable 

technologies, the innovation literature stipulates that apart from technological aspects, 

socioeconomic factors specific to each country influence adoption success (Tabrizian, 2019). 

For example, Reddy and Painuly, (2004) investigated barriers to the diffusion of renewable 

energy technologies in India and concluded the most prevalent barriers to be high costs and 

lack of governmental actions. Frate and Brannstrom, (2017), conducting their study in Brazil, 

concluded, on the other hand, that infrastructure, poor community outreach, and lack of 

planning are the most significant barriers. These contextual differences can be identified within 

other studies analysing the influencing factors for the diffusion of renewable energy 

technologies(Clausen and Fichter, 2019; Gupta and Barua, 2018; Montalvo, 2008; Zyadin et 

al., 2014).  

 

Furthermore, the diffusion innovation literature acknowledges that most studies focus on fast 

and successful innovation diffusion cases (Rogers, 1983; Wejnert, 2002; Venkatesh et al., 2003; 

Halila, 2007; Fichter and Clausen, 2016). Whereas unsuccessful or slow adoption is heavily 

neglected, opening other avenues for research, which could result in new and exciting findings, 

potentially challenging previously acquired knowledge (ibid). Therefore, this study takes on the 

lenses of innovation system to investigate technical and socioeconomic factors influencing the 

slow adoption of solar thermal within a district heating network. The aim and the research 

question are outlined in the next chapter. 

 

1.2. Aim and Research Questions 
The purpose of this study is to understand the reasons behind the slow adoption of solar thermal 

in district heating systems by identifying, in an exploratory manner, the principal factors 

influencing the adoption of solar thermal within district heating systems. In doing so, it aims at 

answering one broad research question: 

RQ: What are the influencing factors for the slow adoption of solar thermal into district 

heating systems?  

This qualitative and exploratory case study has been conducted in collaboration with Absolicon 

Solar Collectors, which develops its solar collectors and corresponding production lines, aiming 
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to decrease the costs by providing the possibility to manufacture solar collectors in place instead 

of delivering them abroad. Absolicon focuses on implementing solar collectors into industrial 

heating processes, as well as district heating. Absolicon provided guidance in the form of 

consultations and recommendations about reports treating the subject. This enabled the author 

to grasp a more profound understanding of the technical aspects behind both solar collectors 

and district heating systems, which was the primary influence on this study. The cooperation 

did not impact other aspects of the study, such as planning, conducting, analysing, and writing. 

The scope and delimitations of the thesis are presented next. 

 

1.3. Scope of the Research and delimitations 
There are many countries where solar thermal has been slowly adopted into a district heating 

system. Briefly put, the readiness of the French market and the discrepancy in the form of low 

rate of adoption of solar district heating systems was the motivation for choosing the 

geographical location. To keep the scope of the research at a reasonable level, given the 

resource constraints, this study limits itself to a specific case study of the first adoption of large-

scale solar thermal in district heating within France. Another reason to limit oneself to a case 

study is the number of stakeholders within public projects, which district heating systems tend 

to have. However, the chosen district heating is operated under an ordinary contract, which 

means that generalizations can be made on other French cases. A more thorough description 

regarding how the study is conceptualized, conducted and what intrinsic limitations stem from 

the design is elaborated in the Methodology chapter. Next, the outline of the thesis is provided.  

 

1.4. Outline 
The thesis is structured into six main chapters: 

Introduction: The introduction chapter introduces the phenomenon, explains its relevance, and 

presents the research question which guides the thesis.  

 

Literature review: The second chapter, Literature review, lays the thesis's theoretical 

foundation and is divided into two main parts. The former focuses on district heating, French 

district heating, solar district heating, and their markets. It also identifies and synthesizes the 

influencing factors. The latter part of the Literature review presents the adoption and diffusion 

of innovation literature, describing the main aspects upon which the thesis is built and the 

contexts within which it is utilized. It finishes with reviewing the research on adoption and 

diffusion barriers and drivers of renewable energy technologies.  

 

Methodology: The third chapter, Methodology, outlines the methodological approach of the 

master thesis. It firstly introduces the research approach undertaken for the thesis. It then 

describes under which empirical context the thesis is conducted, how the population is sampled, 

and how the data is collected and analysed. Quality and ethical considerations, which shall be 

considered in any study, are subsequently presented. The Methodology section finishes with 

the main limitations of the thesis. 

 

Results: The fourth chapter, Results, depicts the empirical results and the analysis. The 

identified subthemes, making up the overarching themes, are presented, along with the thematic 

map. Barriers and drivers for the slow adoption of solar thermal are then developed and 

presented with their respective quotes.  

 

Discussion: In the fifth chapter, Discussion, the empirical results are discussed by juxtaposing 

them to the relevant literature while answering the research question and outlining the main 

contributions to the existing research, along with the implications.  
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Conclusion: The sixth section, Conclusion, summarizes the whole study, its findings and 

provides guidance on future research based on the limitations.  



Literature review – District Heating 

5 

 

2. Literature review 
The literature review is divided into two main parts – district heating literature and innovation 

adoption and diffusion literature. First, district heating is introduced along with the identified 

general factors. Next, an overview of technologies that can be implemented with a focus on 

solar thermal is presented. Afterwards, district heating and French district heating markets are 

presented, along with the French context's identified supportive schemes and challenges. It is 

followed by the historical development of district heating and an overview of nowadays 

research currently focusing on the transition towards the next generations of district heating. 

The district heating part of the literature review finishes with solar district heating and its 

current research, which helps to identify influencing factors for solar district heating systems.  

 

2.1. District Heating 
District heating is one of the types of in-building and water heating in urban areas, where heat 

is generated in a central point and then subsequently transferred via a heat carrier through a 

network of pipes, buried in the ground, to satisfy local customer heat demands (Woods and 

Overgaard, 2015; Martínez, Ebenhack and Wagner, 2019). The centralised structure of district 

heating (DH) systems brings an added value to end consumers, as they do not need to worry 

about maintenance, neither fuel storage nor delivery (Sayegh et al., 2017). The idea of DH 

stemmed from exploiting heat, which would otherwise be wasted, i.e., waste heat from thermal 

power stations generating electricity (combined heat and power – CHP), heat obtained from 

waste incineration, or valuable waste heat from industrial processes (Phillips and Strandberg, 

1988). DH systems have also been recognised to foster the use of renewable technologies, such 

as geothermal, biogas, or solar (Lund et al., 2014). On top of that, DH systems reduce heating 

costs and improve air quality, thanks to CO2 reduction (Werner, 2017). Lake et al. (2017), in 

their review of district heating and cooling (DHC), presented factors that should be considered 

when designing DHC systems: site selection and sizing, technology selection, and on-site 

backup technology due to potential power failures, environmental and socio-political contexts 

impacting the costs, etc. Among the main driving factors for the competitiveness of DH, Lake 

et al., (2017) mentioned high heat densities of city districts, which enable to lower the costs of 

piping per meter, as piping being the most expensive part of the DH system. Furthermore, 

sustainability and climate change concerns in combination with environmental policies, which 

aim at the economic incentives of implementing renewable technologies and reducing CO2 

emissions, were considered among the main driving forces, as well.  

 

Since DH systems touch upon many aspects, i.e., technology, management, business, 

environment, or energy management, numerous factors impact DH systems (Lund et al., 2014; 

Lake, Rezaie and Beyerlein, 2017; Werner, 2017). The megatrends, which set the direction for 

the future development of DH systems are: lowering the temperature levels of the heat carrier 

(Dalla Rosa and Christensen, 2011), implementation of renewable technologies (Morvaj, Evins 

and Carmeliet, 2017), and overall increased efficiency (Ziemele, Gravelsins, Blumberga and 

Blumberga, 2016). Table 1 summarizes identified factors and provides a brief description of 

what impacts these factors have. This will subsequently help understand influencing factors in 

the current transition towards the next generations of DH systems and, more importantly, solar 

district heating (SDH) systems. Next, an overview of technologies, which can be implemented 

in DH systems, focusing on solar thermal, is presented.  
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Factors Impact 

Technology selection 

DH systems can combine several 

technologies, such as CHP, natural gas, 

biomass, and solar, within one system. 

Choosing the right combination of 

technologies is therefore crucial for the 

efficiency of the system.  

Sizing 

The sizing of the whole system influences the 

overall efficiency, as it needs to find a balance 

between over- and under-dimensioning, which 

subsequently influences the costs. 

Piping 

Piping is the most expensive part of a DH 

system, strongly influencing the overall 

efficiency.   

Heat demand 

The selection of technologies and their sizing 

is greatly influenced by the heat demand and 

its forecasts for the future.  

Temperature levels 

High-temperature levels result in lower 

efficiency due to great heat losses. Lower 

temperature levels tackle the previous issue by 

providing a possibility of adopting renewable 

technologies. 

Environmental and political contexts 

Contextual characteristics impact in a way 

that the perception of DH systems, supportive 

schemes, available or dominant technologies 

can differ. 
 

Table 1 – Summary of DH Factors and their Impact identified in the literature 

 

2.1.1. Technology 
DH systems consist of three main parts – heat source, heat transport network (pipes), and 

substations, which supply heat to end-users (Sayegh et al., 2017). (ibid). Various technologies 

can be used to generate heat in DH systems:  

• CHP plants – gas(-steam) turbines and engines generate electricity, during which the 

heat losses are exploited. Fuel sources, such as coal, gas, fuel oil, and biomass, can be 

used (Sayegh et al., 2017). 

• Classic boilers heating the water. The same sources as in CHP plants, depending on the 

region (ibid). Natural gas dominates thanks to its availability, price, and relatively low 

emissions compared to other fossil fuels (Rezaie and Rosen, 2012). Nowadays, biomass 

is the most widespread renewable source within Europe (Werner, 2017). 

• Waste-to-energy (WtE) systems, where waste is incinerated can generate electricity 

and heat. This technology is very dominant in Sweden, where waste is even imported 

from Norway or the UK (Yee, 2018). 
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• Waste heat uses heat rejected from industrial processes within the steel, cement, glass, 

or paper industries (Papapetrou et al., 2018). 

• Geothermal utilizes the heat stored in deeper layers of the earth. In Iceland, district 

heating is supplied nearly 100% by geothermal (Werner, 2017). Furthermore, in Europe, 

geothermal is expected to be extensively exploited in the future (Sayegh et al., 2017). 

• Heat pumps use electric energy to transfer heat from a heat source, i.e., air, water, 

ground, to a heat sink (Jouhara et al., 2018). They are more of a complementary 

technology in geothermal, WtE, or CHP plants (Sayegh et al., 2017) than a standalone 

technology. Heat pumps are essential for the transition towards Smart Energy Systems 

since they facilitate the integration of renewable technologies, thanks to operating at 

low temperatures (ibid). They can also balance the electric grid and deliver 25% of the 

energy in the EU district heating grid (IEA, 2020a).  

• Solar thermal absorbs solar radiation to generate heat. Since the focus of this thesis is 

on solar thermal, this technology is elaborated in the following paragraphs more 

extensively.  

Solar thermal refers to an alternative source of renewable technology, where the energy from 

the sun, in the form of solar radiation, is absorbed to generate heat. Several factors influence 

the absorbed energy – atmospheric conditions, geographical position, month of the year, day, 

and time (Evangelisti, De Lieto Vollaro and Asdrubali, 2019). Even though harnessing energy 

from the sun has been known for a long time, only a few decades ago, solar thermal (re)gained 

its attention from the scientific community (IEA, 2019b). That is mainly thanks to the recent 

technological advancements, leading to high efficiency and the possibility to supply low-cost 

domestic and industrial heating (Gawande et al., 2016). Depending on size, solar thermal 

systems can be divided into large-scale and small-scale systems (Kalogirou et al., 2016). The 

former applies for domestic hot water, heating support, or process heat generation used in 

industrial operations and residential districts (DH systems). The latter accounts for individual 

applications for family houses (ibid).  

Solar collectors are used in order to convert solar irradiation into heat. There are many different 

types of solar collectors, each serving different purposes for different markets (Giovannetti and 

Horta, 2016). The categorisation of solar collectors can be seen in Figure 2. Even though DH 

temperatures are not indicated in Figure 2, supply temperatures can range from 50 °C (Egedal, 

Denmark), to 130°C (FHW Mitte, Graz), and return temperatures from 28°C (Drake Landing 

Solar Community, Canada) to 70°C (Senftenberg, Germany) (IEA, 2020b).  
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Figure 2 - Categorisation of solar collectors. Adopted from: IEA, 2019 

Flat plate collectors (= FPC) have the most significant share of solar collectors used for large-

scale solar thermal fields for DH (Bava, 2017). This is due to substantial reductions in costs 

and an increase in efficiency (Perez-Mora et al., 2018). Therefore, they are described more 

thoroughly than other types. The main parts of the FPC are an absorber transparent cover 

(usually anti-reflective treated glass, enabling to transmit radiation to the absorber), channel 

tubes (which contain the heat transfer fluid – water-based solution), insulation (reducing heat 

losses), and a frame (holding the whole structure together) (Bava, 2017; Perez-Mora et al., 

2018; Evangelisti, De Lieto Vollaro and Asdrubali, 2019). To reduce installation times, FPCs 

are usually larger (10-15) m2 when used for SDH, compared to small-scale applications (Perez-

Mora et al., 2018). A combination of double-glazed and single-glazed FPC is used to reach the 

highest efficiency since the former is more efficient at higher operating temperatures and the 

latter at lower operating temperatures (Tian, 2018). Due to its technological characteristics 

(being stationary), FPC gets heated as soon as the sun rises. Within SDH, this must be 

acknowledged when the solar field is designed, so overheating could be prevented. Often, either 

seasonal or short-term storage is used to deal with situations when there are high solar fractions 

but low heating loads (ibid).  

As the name suggests, concentrating collectors concentrate only direct solar irradiation into a 

focal point, or line, using a magnifying-effect principle (Evangelisti, De Lieto Vollaro and 

Asdrubali, 2019). Several concentrating solar collectors are presented in Figure 2, implying that 

the collector's choice depends on its usage. Focal-point collectors are parabolic-dish collectors 

and heliostats, whereas parabolic trough collectors and linear Fresnel collectors are line-focus 

collectors (ibid). Furthermore, a multiple-axis tracking feature can be incorporated into the 

collectors providing an opportunity to defocus in case of higher solar fractions but lower heating 

loads, or unpleasant weather (hailstorm), leading to higher system efficiency and security 

control (ibid). The implementation of concentrating collectors into SDH has been in constant 

upraise (Epp and Oropeza, 2019; REN21, 2020). Several studies hold the incorporation of 

hybrid photovoltaic/thermal solar systems into DH very promising (Jouhara et al., 2017; 
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Evangelisti, De Lieto Vollaro and Asdrubali, 2019). Next, DH and French DH markets are 

presented.  

2.1.2. District heating market 
The first DH systems were introduced in the USA in the late 1800s, and in Europe in the 1920s 

in Germany (Werner, 2017). DH systems were heavily promoted in the planned economies of 

the former Soviet Union and China in the 1930s and the 1950s, respectively. Today, district 

heating systems are present in cities such as Beijing, Moscow, Prague, Warsaw, Hamburg, 

Stockholm, Helsinki, and Milan. It is estimated that there are altogether 80 000 district heating 

systems, with a total length of distribution pipelines of around 600 000km (ibid). According to 

Gupta (2020), the district heating market is expected to rise from nowadays (2021) 150 BN 

USD to 180 BN USD in 2026. DH accounted for around 6% of global heat consumption in 

2018, from which Russia and China shared more than one-third each (IEA, 2019a). European 

Union, Russia, and China are considered the biggest DH markets globally (Werner, 2017), from 

which China is the fastest-growing DH market (IEA, 2019a). In 2005, 40% of Chinese floor 

heating was supplied by DH, whereas in 2018, it was over 95% (ibid). China supplies 

predominantly industrial sector via DH, whereas European Union and Russia supply mainly 

residential sector. DH systems are well established within Scandinavian and Baltic countries. 

Fossil fuels are the dominant energy source used in DH systems, with most natural gas and coal 

in Russia and China, respectively. Bioenergy is the largest source of renewable energy in DH 

systems worldwide. On the other hand, big Russian and American DH markets are not expected 

to expand on their share of renewables due to an old and inefficient infrastructure combined 

with the absence of legislative support (IEA, 2019a). 

 

The biggest DH market is considered the European Union, where the length of distribution 

pipelines accounts for 200 000km (Woods and Overgaard, 2015; Werner, 2017). The exact 

number of DH systems in the EU differs within the existing literature, as Werner (2017) 

mentions roughly 6 000 systems, whereas Sayegh (2017) mentions 4 174 systems. DH systems 

account for a 10% share of the European heating market (Sayegh et al., 2017; Bertelsen and 

Vad Mathiesen, 2020). To achieve climate neutrality in 2050, heat generation and distribution 

via DH networks are recognised as one of the ways how to achieve urban sustainability (ibid). 

Even though the predominantly used sources worldwide and the EU are fossil-based, a 

sustainability symbol is attached and solidified by the European Directive 2012/27/EU on 

energy efficiency to DH systems (Council, 2012). Furthermore, this implies strong future 

developments via promotional schemes, subsidies, or different (environmental) policies 

(Werner, 2017). The current transition towards the next generations of DH systems enables the 

implementation of more renewables into the system, thanks to lowered temperatures. This 

aspect will be further elaborated on in the section of the History of District Heating. The most 

distinguished countries of the European DH market are Scandinavian and Baltic countries, with 

outstanding examples such as Iceland, where almost 100% of DH is sourced from geothermal, 

or Denmark, where over 1 GWth of capacity is supplied by around 1,6 MIL m2 of solar 

collectors (Trier et al., 2018).  

 

2.1.3. French District Heating Market 
The share of connected buildings into French DH systems is around 6%. This is relatively low, 

compared to the average in the EU (13%). (Carpenè and Haeusler, 2019). DH systems account 

for 3,5% of total annual heat consumption in France (Eck, Ericson and Gullberg, 2019). There 

are around 800 DH systems, of which the vast majority is located in north-eastern regions due 

to generally more challenging climatic conditions, where the Île-de-France region accounted 

for around 45% of the French DH market (ibid). The dominant sources are natural gas, followed 
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by WtE and biomass, accounting for almost 85% (Carpenè and Haeusler, 2019). Biomass and 

WtE are labelled as renewable sources and are widely utilized, thanks to their availability and 

cheap costs (ibid). 

Consequently, the overall share of renewable sources in French DH systems makes around 56% 

which, compared to the EU, 16%, is significantly higher (ibid). Moreover, the share of solar 

thermal from renewables is less than 1% within French DH (ibid). More than 90% of the French 

DH market supplies heat to the residential and tertiary sectors. There are several legal 

frameworks under which French DH systems can be managed. Among the most prominent are, 

where the local authority can either invest in the facility and operate it on its own (Régie), 

delegate a third party to operate the facility (Délégation de Sevice Public (DSP) – Affermage), 

delegate a third party to invest into and operate the facility (Délégation de Sevice Public – 

Concession), or just give permission for the facility to be built, where the initiative comes from 

the third party (Privé) (Genet and Paulus, 2016; Carpenè and Haeusler, 2019; Eck, Ericson and 

Gullberg, 2019). Most French DH systems are managed by DSP, whereas private ones are 

pretty exceptional (Le Denn et al., 2014; Genet and Paulus, 2016). The vast majority, almost 

three-quarters of the French DH market, is operated by three companies – Dalkia, Engie, and 

Idex (Eck, Ericson and Gullberg, 2019). Even though France can be defined as a laggard in 

terms of the amount of DH systems compared to other EU countries, the recent trends indicate 

a strong development in the forms of new systems and expansion of already existing ones (Eck, 

Ericson and Gullberg, 2019).  

 

A review of publicly available reports regarding French DH systems was conducted, thanks to 

which supportive policies/schemes and challenges were identified. Table 2 summarises the 

main challenges within a French context and supportive schemes, which aim to incentivize the 

development of DH systems and the implementation of renewable technologies. The following 

section focuses on the historical development of DH systems, focusing on the current transition 

towards future generations. 
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Supportive policies/ schemes 

Public heating funds (Le Fonds Chaleur) 

The reduced VAT rate for DH systems using at least 50% of renewable sources 

White certificates (Certificat d’Économies d’Énergie) 

Building codes (RT2012, RT2020) 

Carbon tax (Contribution climat-énergie) 

Regional Climate, Air and Energy Plan (SCRAE) 

25 measure to accelerate renewable DH systems (25 actions pour accélérer le déploiement des réseaux 

de chaleur et de froid renouvelables) 

Le classement – procedure forcing district to connect into DH systems 

Challenges 

Low prices of gas 

Frozen carbon tax with unpredictable development 

Low level of local know-how 

High operating temperatures, in combination with poorly isolated buildings 

Complexity in ownership structures 

 

Table 2 - Supportive schemes and challenges for French DH systems. Resources: Carpenè and Haeusler, (2019); 

Eck et al., (2019); Genet and Paulus, (2016); Gouvernment, (2019) 

 

2.1.4. History of District Heating Systems 
It is claimed that the pioneer DH system existed in the 14th century in France, using a 

geothermal source for heating water and then subsequently distributing it to some buildings in 

the village (Werner, 2017). However, the actual beginning of the DH systems can be attached 

to a substantial rise of inhabitants due to industrialisation developments in Europe and North 

America on the verge of the 19th and 20th centuries (Lund et al., 2014). DH was built along with 

power systems, so urban inhabitants' life quality could be enhanced (Ziemele, Gravelsins, 

Blumberga, Vigants, et al., 2016). DH systems can be divided into five generations. The first 

four generations are defined by Lund (2014), and these definitions have been applied by many 

scholars in their works, such as Averfalk and Werner, 2020; Buffa et al., 2019; Lund et al., 

2018; Sulzer et al., 2021; Ziemele et al., 2016a, 2016b.  

 

The first-generation systems used steam as the heat carrier and were developed in the 1870s/80s 

(Lund et al., 2014). The largest DH system, located in New York, has functioned on this 

principle since the late 19th century (Woods and Overgaard, 2015). Even though it is still 

predominantly used in the US, and in some parts of Europe, like Paris, it is considered outdated, 

mainly due to substantial heat losses (Lund et al., 2014). The second-generation systems use 

pressurized hot water (usually above 100 °C supply temperature and 70 °C return temperature) 
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as the heat carrier as European engineers discovered the water to be more efficient than steam 

(ibid). It was developed in Europe around the 1930s, and it dominated the EU market and the 

former USSR market until the 1970s (ibid). The first two generations are discussed in the 

literature marginally, having a more complementary role in historical sections of district heating 

(and cooling) reviews – such as Lake et al., 2017; Perez-Mora et al., 2018; Rezaie and Rosen, 

2012; Werner, 2017 – than being a focal point of analysis.  

 

The third generation (3GDH) uses the same heat carrier as the previous generation but with 

lower supply/return temperatures. Interestingly, this generation is often referred to as 

“Scandinavian district heating technology,” as many components were developed and are sold 

by Scandinavian manufacturers (ibid). The primary motivation behind the development of the 

3GDH was the oil crisis in the 1970s. During this crisis, countries realised their immense 

dependence on importing fossil fuels and have since then aimed at lowering it (Lund et al., 

2014; Woods and Overgaard, 2015). The third generation is still the most widely used in the 

developed world (Lund et al., 2014). However, many studies indicate that the operating 

temperatures do not efficiently utilize excess heat and renewable technologies and are 

considered the main barrier (Lund et al., 2014; Woods and Overgaard, 2015; Lygnerud, 2019; 

Sorknæs et al., 2020). Woods and Overgaard (2015) described in their historical development 

of district heating that the transition to the 3rd generation of DH systems was mainly thanks to 

the technological developments of piping networks, thanks to which overall higher efficiency 

was achieved (in the form of lower supply/ return temperatures compared to the 2nd generation). 

The lowered temperatures prompted a widespread expansion of CHP systems and paved the 

way for utilizing alternative energy sources, mainly solar and geothermal (ibid). This is the 

reason why the European Directive 2012/27 considers the promotion of CHP systems the main 

driving force of introducing DH systems (Council, 2012; Werner, 2017).  

 

There is a transition nowadays towards the fourth generation of DH systems (4GDH), where 

renewable technologies are one of the cornerstones of 4GDH. The transition from the past to 

the future generations of DH and its core features is illustrated in Figure 3. In order to be 

classified as the 4GDH system, the system must meet certain aspects, which were defined by 

Lund et al. (2014). These aspects were well summarised in the study of Volkova et al. (2018):  

1. Low-temperature supply of space heating and domestic hot water (thanks to smaller 

pipe dimensions, improved insulation, low-energy buildings, etc.) 

2. Development of non-fuel energy heat sources (solar, geothermal), as well as recycled 

heat (CHP, waste incineration, data centres in combination with heat pumps) 

3. Distribution of heat with low heat losses 

4. Integration into smart energy systems (electricity, gas, district heating and cooling) 

5. Development of institutional and organisational frameworks 
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Figure 3 - Transition from past to future DHC systems. Adopted from: Sulzer et al., (2021) 

 

The current research heavily resonates with the transition to the 4GDH systems and the 

possibility of using renewable energy. Volkova et al. (2018) focused on evaluating the transition 

process to 4GDH. The study referred to each previously mentioned aspect of the 4GDH and 

discussed its influencing factors. The factors for low-temperature supply were investments, 

design of heating devices, small heat exchange surfaces, location of the DH system, and 

concerns about the growth of Legionella due to lowered temperatures. Since SDH is a sub-

category of non-fuel energy heat sources (renewable technologies) and is permanently 

integrated with another heat source (Urbaneck et al., 2015), this part will be tackled more 

extensively later in the chapter of current research on SDH. Factors influencing low heat losses 

in networks were mainly characteristics of piping (network temperature level, insulation heat 

transmission coefficient, diameter, or length). Optimization design to match both current and 

future loads in combination with economic feasibility were identified as factors impacting the 

development of recycled heat. Other factors, which relate to some aspects directly, and some 

other indirectly were found as well: optimization of thermal energy storages; diffusion of 

intelligent metering; large-scale nature of the DH systems and the inability to make swift 

changes; negative perception of large DH companies in combination with monopolistic nature 

and legislation actions.  

 

Li and Nord, (2018), in their review of possibilities, bottlenecks, and challenges for the 

transition towards the 4GDH, concluded that the transition would involve other energy systems 

and that it should be gradual. Furthermore, the transition would not only encompass upgrades 

within a physical system, like lowering the temperatures but within a virtual system, as well, 

enabling to measure, collect and analyse the data and control the system more efficiently. The 

two biggest challenges the 4GDH would face are believed to be distribution heat loss and 

decreasing heat demand. The article marginally treated the topic of SDH and argued that the 

large area needed for large-scale solar installations was the main limitation. However, the 

current research on SDH will be treated later in the text. 

 

Ziemele et al. (2016b) investigated the transition to a 4GDH system focusing on the share of 

renewable energy in Latvia via system dynamic modelling. Three policy instruments – 

subsidies, an instrument for risk reduction, and an instrument for efficiency increase – and their 

influence on the system operation were analysed. It was concluded that subsidies would 

increase the share of renewable energy most rapidly. Since the main driving economic force for 

low-temperature DH systems is the combination of low distribution temperatures and lower 

heat supply costs (Lund et al., 2017), Averfalk and Werner (2020) were comparing the 
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economic benefits of future heat supply sources for 4GDH and 3GDH temperature levels in 

Central Europe. It was found that cost reduction was quite significant for technologies – 

geothermal, excess industrial heat, solar thermal, whereas not so significant for traditional waste 

and biomass CHP when switching from 3GDH to 4GDH. Next, it was concluded that high heat 

temperatures were a substantial barrier for renewable technologies and excess heat and that the 

reduction of heat loss was a notable aspect of the transition. At last, the central economic 

component in the transition to 4GDH systems was lower supply costs from renewable 

technologies and excess heat, thanks to lowered temperatures.  

 

Sorknæs et al., (2020) analysed the economic and energy effects of the transition from 3GDH 

to a renewable technologies-based 4GDH for the specific case of Denmark. The specific case 

included the uptake of excess heat from industrial processes directly and indirectly via heat 

pumps. It was concluded that the transition from 3GDH towards 4GDH would decrease the 

primary energy consumption of the entire energy system by around 4,5% and the costs of the 

system by 2,7%. Since 4GDH systems are believed to be implemented soon (Lund et al., 2014), 

the recent study from Sulzer et al., (2021) tackled the problem of “ambiguous terms” within the 

DH community. The study aimed to present a comprehensive and commonly accepted 

vocabulary, which would facilitate disseminating information, and subsequently, it would 

accelerate the uptake of the 4GDH innovation. Lund's et al. (2018) review of 4GDH systems 

indicated a positive trend in research papers. Authors mainly refer to 4GDH systems combined 

with Smart Energy Systems, cross-sectoral, or renewable energy implementation. On top of 

that, it was concluded that “a new institutional set-up and shift in paradigm to facilitate the 

legal framework, ownership, and economic incentives is needed” (Lund et al., 2018, pp. 157).  

 

Lygnerud (2019) investigated the shift from 3GDH to 4GDH from a perspective of business 

models and their changes. He argued that the business logic of 3GDH systems had been based 

on economies of scale and push (heat supply) strategy. Since business logic reflecting a past 

situation is recognised as a barrier within the literature (Chesbrough, 2010), Lygnerud (2019) 

stated that the conventional DH business model is a barrier for the transition, as it is still the 

dominant business logic. This characteristic was well identified in the study of Di Lucia and 

Ericsson (2014) and Dzebo and Nykvist (2017), where the lock-in effects occurred due to 

policies, which continued to support heat production and consequently discouraged the 

transition towards reduced heat demand in Sweden. The business logic behind 4GDH is 

believed to be predicated on the available resources and therefore will differ from case to case 

and tackle questions of technology, investments, climate, and the local territory (Lygnerud, 

2019). Furthermore, it is also believed to require more investments than conventional DH 

systems (ibid). On top of that, the transition towards 4GDH is expected to increase the 

involvement, and subsequent influence, of customers’ choices. Lygnerud, (2019) concluded, 

that a significant barrier for the development of 4GDH and its transition in Europe was the 

absence of specific low temperature legal framework. This is even complemented with the 

extensive push for renewable technologies, which instead of helping, overshadows low 

temperature heat recovery as a priority. 

 

Even though the current situation concerns the transition from 3GDH to 4GDH, the fifth 

generation has also been discussed. The cornerstone for the fifth generation is Buffa's et al., 

(2019) “state-of-the-art” article, reviewing 40 DHC systems operating in Europe. The fifth-

generation is believed to be driven by the same macro-characteristics as previous generations –

dependence reduction on fossil fuel import (Union, 2014), a similar anticipated mass-scale 

movement of people from rural to urban areas in years 1950-2050 as during the 19th century, 

and the sustainability and environmental concerns (Buffa et al., 2019). The 4GDH uses 
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different pipes to provide heat and cold. Consequently, this challenge is tackled by the fifth 

generation, which enables both heating and cooling services within the same pipes; hence, 

5GDHC – the fifth generation of district heating and cooling. This is done thanks to using very 

low – “close to the ground” (Buffa et al., 2019, pp. 505)– temperatures (ibid). Furthermore, this 

characteristic incentivises the use of a particular renewable energy, heat pumps, which are 

generally decentralised (ibid). The research on 5GDHC predominantly revolves around 

mathematical optimization and modelling. 

 

Von Rhein et al. (2019) developed a software tool, combining three topology tools, URBANopt, 

Modelica, and EnergyPlus, to analyse the feasibility of 5GDHC systems. The developed tool is 

believed to improve the adoption of 5GDHC since it allows quantifying the performance of 

5GDHC systems while considering carbon dioxide emissions, primary energy usage, or 

network implementation cost. Wirtz et al. (2020) developed a Linear Program for designing 

and modelling a 5GDHC, which was applied in the real case in Germany by comparing the 

model and the individual heating, ventilation, and air conditioning (HVAC) systems. The 

developed 5GDHC model resulted in less total annualized costs, less CO2 emissions, and much 

higher efficiency. However, it was also found that no strict generalization can be made since 

5GDHC heavily depends on the available local waste heat. In a recent paper, Wirtz et al. (2021) 

developed a mixed-integer linear program for short-term optimization of the network 

temperature in 5GDHC systems. Three factors influencing cost-optimal network temperature 

were found: installed technologies in buildings, heating-to-cooling ratio, and heat losses/gains. 

The developed model was found to be suitable for the optimal control of the network 

temperature of a 5GDHC system. As mentioned previously, there is currently a transition 

towards 4GDH systems, enabling the integration of more RETs. Since this thesis focuses on 

solar thermal within DH systems, the next chapter describes SDH systems and their markets 

and the current research in more detail.  

 

2.1.5. Solar district heating 
From roughly 80 000 DH systems globally, there are currently only 417 SDH systems 

worldwide (REN21, 2020). Figure 4 presents the development of the cumulative collector area 

for the last from 2009 until 2019. Perez-Mora et al. (2018), in their review of solar district 

heating and cooling, state that the macroeconomic factors, such as natural resource depletion, 

environmental protection, and energy security, are why numerous governments push the 

implementation of renewable technologies. Since space heating and domestic hot water account 

for almost 80% in Europe, and as could be seen from the literature review, there is the transition 

towards lower temperatures, solar district heating holds a great potential to be exploited (ibid). 

In the same review, Perez-Mora et al. (2018) argue that “a key role for the successful integration 

of solar heat with DH is played by the DH operating temperatures” (pp. 1421), where the aim 

is to have the lowest temperatures possible to reach higher efficiencies. 
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Figure 4 - Development of cumulative collector area, 2009-2019. Adopted from: REN21, (2020) 

 

Tschopp et al. (2020) investigated the country-specific factors of four leading countries in the 

SDH market – Denmark, Germany, Austria, and China. Countries were evaluated on five 

boundary conditions – solar resources, heat demand and heat supply infrastructure, energy 

prices of competing technologies, promotional schemes, and business models and regulations. 

Denmark is believed to hold its leading position, thanks to these factors: high heat demand and 

heat density of existing DH systems, big summer load, availability of cheap land for ground-

mounted collectors, low-temperature levels, market-based incentives in the form of emissions 

trading system or fossil fuel taxes (making coal, or natural gas unfeasible options), and non-

profit orientation (DH companies owned and controlled by the consumers), in combination with 

long-term investment horizon and availability of cheap loans. Furthermore, standardized 

proven and low-cost equipment is believed to be both the results and the self-reinforcing factors 

of a flourishing SDH market (ibid). The study results from Tian et al. (2019), where the focus 

was put solely on Denmark, overlap with the previously mentioned factors. In the same study, 

recommendations are provided for replicability in other countries: ensure the reliability of the 

technology, professional approach towards the design and operation, favourable heat price of 

solar heat compared to fossil fuels, and constant communication among policymakers, 

consultant companies, and end-users. In Tschopp’s et al. (2020) review, it was also found that 

in Germany and Austria, unique business models, where DH companies take on the investment 

risk and guarantee smooth functioning, played an essential role in implementing SDH systems. 

Furthermore, market-based incentives – carbon tax, emission trading system – could be a more 

efficient tool to provide a direct motivation for SDH systems than investment-based incentives 

in the form of subsidies, which were present in China, Germany, and Austria (ibid). These 

subsidies are believed to broaden the application of large-scale solar thermal within different 

industries instead of leading to more SDH systems.  

 

 Current research on Solar District Heating 

The current research on SDH is vastly oriented towards modelling to determine the techno-

economic feasibility of these projects. Reviewing the latest research on SDH allows having a 
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more profound understanding of what comes into play when solar thermal is adopted into DH 

systems, mainly from a technological perspective, to reach the highest efficiency of DH 

systems.  

 

Soloha et al. (2017) developed an algorithm for evaluating whether solar thermal should or 

should not be integrated into DH systems while focusing on technical and economic aspects. 

Figure 5 illustrates how solar thermal is usually integrated within a DH system. A particular 

DH facility in Latvia was chosen to assess the aperture area of solar collectors and seasonal 

energy storage tank volume. Six scenarios were developed. It was found that the efficiency of 

solar could be increased by lowering the temperatures or using innovative flat plate 

technologies. On top of that, it was found that the competitiveness of SDH significantly 

decreases if the efficiency of solar collectors is below 0.6. The results showed that the installed 

area from 9 000 m2 to 72 900 m2 would cover 10% to 78% of total heat demand. SDH 

implementation costs were found to be “very high” (Soloha et al., 2017, pp. 594) from an 

economic perspective yet comparable with natural gas costs.  

 

 
Figure 5 - Integration of solar thermal into DH systems. Adopted from Epp and Oropeza, (2019) 

 

Le Truong and Gustavsson (2014) investigated the cost-efficiency of integrating solar thermal 

into DH systems in the south of Sweden. It was found that fuel prices and investment costs of 

solar thermal influence the cost-efficiency the most. However, the integration of solar thermal 

was found to reduce primary energy sources, such as biomass. Urbaneck et al. (2015) simulated 

an integration of solar thermal into a conventional DH system in Germany using a CHP plant. 

They identified some barriers to implementing solar thermal into DH systems: lower prices and 

a large amount of excess heat in cogeneration plants, and the ancient design of the DH system, 

which was aimed at high temperatures. Interestingly, Winterscheid et al., (2017) analysed the 

integration of solar thermal into the DH sub-network, where the large CHP plant is used for the 

whole DH system. It was concluded that the integration of solar thermal is beneficial, where 
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CHP plants used fossil fuels. The benefits were in terms of reduced CO2 emissions and more 

extensive operational flexibility.  

 

Pakere and Blumberga (2020) analysed the integration of different solar systems into the 

particular DH system in Latvia. Among the analysed solar systems were – photovoltaic panels 

(PV), photovoltaic-thermal panels (PVT), and solar thermal collectors. PV and PVT panels 

were coupled with heat pumps to convert surplus power to heat, which enabled to increase the 

overall efficiency. The sensitivity analysis showed that decreased heating network temperatures 

significantly increased net present value (NPV) values for PVT and solar collectors. Next, when 

the costs of solar technology were changed, the cost of energy reacted substantially. The most 

significant change was in PVT systems, as the panel costs formed the largest share of the overall 

costs. Lastly, heat tariff changes had the greatest impact on NPV in the case of solar collectors. 

Welsch et al., (2018) investigated the economic and environmental impacts of integrating 

medium-deep borehole thermal energy storage systems into a DH network with different solar 

thermal collectors, CHP, and gas boiler shares. The varying scenarios were: current market 

conditions without subsidies, future rise in energy prices, incorporation of subsidies. The study 

looked at the change of global warming potential and levelised cost of heat. It was concluded 

that investment costs of the varying technologies account for 45%-60% of levelised cost of 

heat, indicating where the attention should be put to gain savings. 

 

Ciampi et al. (2018) performed a dynamic simulation of an SDH system composed of solar 

collectors, short-term energy storage, long-term borehole thermal energy storage, and an 

auxiliary natural gas-fired boiler over a 5-year time under the climatic conditions of Naples. 

The study included a sensitivity analysis, where solar collectors’ area, the volume of short-term, 

and the volume of long-term storages were the varying parameters. The results showed that the 

energy and environmental aspects were mainly influenced by solar collectors, whereas the 

volume of both storages impacted economic parameters. Carotenuto et al. (2017) did a dynamic 

simulation model and an energy-economic analysis of a low-temperature DHC system in 

Southern Italy over one year. The proposed system is comprised of geothermal, solar, and a 

biomass boiler coupled with an adsorption chiller. The system energy and economic 

profitability evaluation was based on the solar collector field area (60 000 m2) and compared 

to the reference system. It was concluded that solar collectors accounted for 60% of total 

produced thermal energy. Furthermore, the system was found to be “scarcely profitable” 

(Carotenuto et al., 2017, pp. 2667) without public funding policies and “interesting, in case of 

a 50% capital investment incentive” (ibid). In case of no funding scenario, the solar collector 

field area would have to be 30 000 m2 and less to compete economically with the reference 

system. If funding were available, the solar collector field would need to be 100 000 m2 and 

less.  

 

Renaldi and Friedrich (2019) validated the Drake Landing Solar Community model in Canada 

and used it to study the performance of SDH systems with seasonal thermal storage in two 

locations in the UK, Aberdeen and Camborne. The results showed that the applied model would 

have a lower solar fraction and higher levelised cost of energy in the UK compared to Canada. 

However, lower solar fraction could be offset by long-term storage, and financially wise, 

environmental policies, i.e., carbon tax, are needed to make the system competitive with 

existing technologies. Interestingly, not only solar resources impacted the low system 

efficiency, but unfavourable soil conditions influencing the borehole thermal energy storage, 

as well. Furthermore, it was shown that equipment size had an impact on financial performance. 

Pelda et al. (2020) investigated the theoretical potential of implementing industrial waste heat 

and solar thermal power within existing or newly built DH systems in the German context. The 
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results showed very high yet significantly unused potentials. Among the main identified 

challenges was a risk of economic feasibility. The factors influencing SDH adoption are 

summarised from the current research and provided in Table 3. The review of the district 

heating section finishes here. The second part, reviewing the adoption and diffusion of 

innovations, follows. 

 

Influencing factors 

Choice of solar technology 

High investment costs 

Prices of other fuels (i.e., fossil fuels, biomass, waste heat) 

Temperature levels 

Sizing 

Presence and choice of storage tank 

Aperture area 

Presence of supportive schemes (i.e., heat tariff, carbon tax, subsidies) 
 

Table 3 - Influencing factors identified from the review on SDH 
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2.2. Innovation research 
The following section starts with the definition of innovation, its categorisation, and 

environmental innovation. Afterwards, several theories regarding the adoption and diffusion of 

innovation are reviewed, starting with Rogers’ (1983) Diffusion of Innovations, Wejnert’s 

(2002) Integration Models of Diffusion of Innovations, followed by Venkatesh’s et al., (2003) 

Unified Theory of Acceptance and Use of Technology, finishing with Hörte’s and Halila’s, 

(2007) developed a model for analysing diffusion based on market success. This chapter 

finishes with reviewing the literature on the diffusion of renewable energy technologies (RETs). 

It is believed that this review will serve to help further identifying influencing factors on the 

adoption of solar district heating from the innovation perspective. 

 

2.2.1. Innovation 
According to Roback (2006), the innovation concept has taken two distinct paths, (a) Economic 

development and (b) Social change. The former relates specifically to industrial and enterprise 

competitiveness to meet market needs and improve the economy (Curlee, 1989; Fagerberg, 

2006). The latter focuses on a broader range of cultural heritage, social interactions, 

communication, and decision-making (Rogers, 1983; Wejnert, 2002; Kincaid, 2004). Authors 

of the Economic direction claim that innovations drive economic growth and success and 

therefore tend to investigate the costs and benefits of the adoption. The proponents of the Social 

change direction acknowledge the dichotomic ‘good vs bad’ characteristics of innovations and 

focus on the process of innovation and companies’ attributes influencing decisions about the 

adoption. Furthermore, it is believed that the fields gradually become more ‘divergent’ 

(Roback, 2006), where the former is rather practically-oriented, whereas the latter is better 

suited for an academic research literature. Consequently, this study takes on the latter approach.  

 

Innovation is defined as “an idea, practice or object that is perceived as new by an individual 

or other unit of adoption” (Rogers, 1983, p. 11). This implies that the perceived ‘newness’ is 

subjective, as it can be related to knowledge, persuasion, or the decision to adopt an innovation 

within a specific social system. This notion can be observed in Tornatzky’s and Fleischer’s 

(1990) definition: “… technological innovation involves the situationally new development and 

introduction of knowledge-derived tools, artefacts, and devices by which people extend and 

interact with their environment” (Tornatzky and Fleischer, 1990, pp. 11). Both definitions state 

that innovation can take the form of tangible as well as intangible appearances. Accordingly, 

Darley and Beniger (1981) claim that environmentally-friendly behaviours can be regarded as 

innovations and, therefore, can be investigated from a diffusion and adoption perspective. 

However, its measurement can be tricky, as it is an ongoing process (ibid). Researchers 

traditionally classify innovations into distinct sets to grasp a better understanding of how they 

develop. In their review of innovation research, Gopalakrishnan and Damanpour (1997) 

categorized innovations into three sets: product vs process, radical vs incremental, and 

technical vs administrative.  

 

 Product vs Process 

The difference between product and process innovations lies within the affected activities and 

areas (Halila, 2007). According to Gopalakrishnan and Damanpour (1997), product innovations 

are outputs or services introduced to benefit the customers. Utterback and Abernathy (1975) 

define product innovations as any emerging technology or a combination of several emerging 

technologies. On the other hand, process innovations are defined as “tools, devices, and 

knowledge in throughput technology that mediate between inputs and outputs and are new to 

an industry, organisation, or subunit” (Gopalakrishnan and Damanpour, 1997, pp. 18). Collins 

et al. (1988) define process innovations as “any operations technology that is new to the 
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adopting organisation” (Collins et al., 1988, pp. 512). Knight (1967) defines process innovation 

as an “introduction of new elements in the organisation’s task, decision, and information system 

or its physical production or service operations” (Knight, 1967, pp. 482).  

 

 Radical vs Incremental 

The associated degree of change with an innovation determines whether an innovation is either 

incremental or radical (Gopalakrishnan and Damanpour, 1997). Incremental innovations are 

characterized as marginal changes to existing products and processes, building upon the 

established knowledge base, exploiting the potential of current dominant designs while 

reinforcing its position (Henderson and Clark, 1990; Hill and Rothaermel, 2003). 

Consequently, incremental innovations tend to be the results of improvements proposed by 

engineers or users. In contrast, radical innovations are new to the company or industry, which 

can be perceived as breakthrough ideas producing changes in the organisations’ foundation, 

activities, or even the whole industry (Christensen and Overdorf, 2000; O’Connor and Rice, 

2001). That is the reason why radical innovations are believed to “departure from existing 

practices” (Halila, 2007, pp. 7). This can generate significant challenges to incumbents, as 

radical innovations can be competence destroying, forcing companies to acquire new skills and 

abilities (Christensen and Overdorf, 2000). However, radical innovations can, at the same time, 

be the only ticket for new entrants (ibid). Terms radical and incremental have been extensively 

used in the research literature.  

 

 Technical vs Administrative 

The distinction between technical and administrative innovations refers to a broader distinction 

between an organisation's social and technical systems (Gopalakrishnan and Damanpour, 

1997). The former refers to an idea for a new product, technology, whereas the latter refers to 

the organisation's social structure, such as recruitment policies, allocation of resources, 

authority, or reward (ibid).  

 

2.2.2. Environmental Innovation 
It is known that firms nowadays allocate substantial resources for the development of 

innovations that reduce air emissions, make recycling and reusing waste more efficient or 

exploit energy in a much ‘greener’ way (Halila, 2007). These types of innovations have been 

called “environmental innovation”, “eco-innovation”, “sustainability innovation”, “green 

innovation”, or “sustainability-oriented innovation” and have received increasing attention in 

the last two decades (Fichter and Clausen, 2016). Kemp and Pearson (2007) define an eco-

innovation as “the production, assimilation or exploitation of a product, production process, 

service or management or business method that is novel to the organisation (developing or 

adopting it) and which results, throughout its life cycle, in a reduction of environmental risk, 

pollution and other negative impacts of resources use (including energy use) compared to 

relevant alternatives” (Kemp and Pearson, 2007, pp. 7). It can be noticed that the primary focus 

is on the environmental results. Fichter, (2005), however, incorporates other two aspects from 

the ’triple-bottom line’ into its definition of sustainable innovation, as: ”the development and 

implementation of a radically new or significantly improved technical, organisational, 

business-related, institutional or social solution that meets a triple bottom line of economic, 

environmental and social value creation. Sustainable innovation contributes to production and 

consumption patterns that secure human activity within the earth’s carrying capacities” 

(Fichter, 2005, pp. 138). Clausen and Fichter (2019) elaborated a definition of environmental 

innovation, which is “any form of innovation that brings about or seeks to make significant and 

demonstrable progress towards the goal of sustainable development by reducing the 

environmental impact, increasing resilience to environmental pressures or achieving more 
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efficient and responsible use of natural resources”, where the focus is again on environmental 

aspects, however with an acknowledgement of “sustainable development” (Clausen and 

Fichter, 2019, pp. 65).  

 

In the best-case scenario, environmental innovations, as the name suggests, result in 

environmental contribution, reasonable profit, and market diffusion (Boons and Lüdeke-

Freund, 2013). However, since this is not possible in all cases, a trade-off between an innovation 

and environmental, economic, and social aspects is necessitated (ibid). Environmental 

innovations gain their label based on the effects rather than the intentions (Halila, 2007). Kemp 

and Pearson (2007) label an innovation “eco-innovation” once it produces less environmental 

harm than relevant alternatives. This implies that eco-innovation does not need to avoid 

environmental harm entirely.  

 

Gaining success on the market and the diffusion of environmental innovations among potential 

adopters are known to meet difficulties stemming from greater risks, larger investments, 

uncertainty, or a more regulatory environment (Wang, 2011). Furthermore, environmental 

innovations are also believed to develop within ‘protected spaces’ called niches (Fichter and 

Clausen, 2016). However, they can also end up in niches, unable to diffuse themselves further 

to mainstream markets (ibid). This can as well pose additional barriers for environmental 

innovations to be adopted (ibid). However, given the current trend of societal awareness 

concerning environmental impact, organisations are expected to adopt environmental 

innovations more significantly, as it will not only be a way how to gain a competitive advantage 

but as well as “the basic requirement to obtain legitimacy” (Li et al., 2017, pp. 41). Researchers 

have studied how an innovation is adopted and then subsequently diffused for half of the 

century, attempting to develop comprehensive models (Sahin, 2006). Several models, mainly 

based on their popularity, are now reviewed, starting with Rogers’ Diffusion of Innovations 

model.  

 

2.2.3. Adoption and Diffusion of Innovations  
Rogers’ book ‘Diffusion of Innovations’, where the models and the theory behind adoption 

processes, is considered to be an academic milestone within adoption diffusion literature 

(Elmustapha, Hoppe and Bressers, 2018), and it has been used as a framework within various 

fields, such as communications, history, information technology, public health and many others 

(Rao and Kishore, 2010). Driessen and Hillebrand (2002) prove that the adoption of 

environmental innovations can be investigated with the help of Rogers’ framework. Rogers 

defines diffusion as a “process by which an innovation is communicated through certain 

channels, over time among the members of a social system” (Rogers, 1983, p. 5). At this 

moment, it is possible to delineate the difference between innovation diffusion and adoption. 

The core of the former is the communication process, whereas an innovation adoption revolves 

around the decision to accept and subsequently implement the innovation, eventually leading 

to innovation diffusion (Kee, 2017). Adoption studies concentrate on the perspective of the 

adopters, whereas diffusion studies tend to focus on the perspective of the market and society 

as a whole (ibid). This study is conducted in the logic of the former adopters’ perspective. Even 

though Rogers’ concepts are predominantly focused on the latter, it inherently encompasses 

aspects of innovation adoption, which are further presented.  

 

 Innovation attributes 

An innovation possesses certain features, thanks to which adoption is more likely to occur 

(Elmustapha, Hoppe and Bressers, 2018). Rogers (1983) divides them into five overarching 
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characteristics, called attributes. Even Rogers (1983) acknowledges that these are not the only 

attributes influencing the adoption, yet the most determining ones accounting for 60-90%.  

 

1. Relative Advantage 

Relative advantage is “the degree to which an innovation is perceived as being better 

than the idea it supersedes” (Rogers, 1983, pp. 213). This characteristic is discussed 

from two perspectives in the book - economic and status-related aspects. Economic 

factors, such as reduced costs or increased revenues, are major determinants of the 

adoption, yet not the only ones. Status-related aspects can be the primary motivation 

and are inseparable from the adoption process. Innovation can be classified as 

incremental and preventive, where the former shows almost immediate results, whereas 

the latter is adopted as a precaution from the unwanted event happening at an unknown 

time in the future. Even though the relative advantage is “one of the best predictors of 

an innovation’s rate of adoption” (Rogers, 1983, pp. 217), preventive innovations can 

be hard to adopt since demonstrating results can be tricky. Relative advantage and 

subsequent adoption rate can be increased by incentives given to “encourage some overt 

behavioural change” (Rogers, 1983, pp. 219). 

2. Compatibility 

It is “the degree to which an innovation is perceived as consistent with the existing 

values, past experiences, and needs of potential adopters” (Rogers, 1983, pp. 223). 

They are the norms according to which an assessment of whether to adopt or not is 

made. The success of innovation’s adoption is greatly influenced by embedded cultural 

beliefs, values, and previously introduced ideas. Furthermore, innovations should also 

align with the client’s needs. This can be delicate because clients might not always know 

what they want until shown. A compatible innovation is believed to correlate with the 

value system, which makes the adoption faster.  

3. Complexity 

It refers to “the degree to which an innovation is perceived as relatively difficult to 

understand and use” (Rogers, 1983, pp. 230), implying faster adoption once an 

innovation is easy-to-grasp/-handle/-understand because it does not require the 

development of new skills or understandings.  

4. Trialability 

Rogers defines trialability as “the degree to which an innovation may be experimented 

with on a limited basis” (Rogers, 1983, pp. 231). If innovation can be tried ex-ante, the 

adoption is believed to occur faster. However, it is essential to acknowledge that this is 

not possible in all cases. 

5. Observability 

Rogers defines observability as “the degree to which the results of an innovation are 

visible to others” (Rogers, 1983, pp. 232). When an innovation can be seen, it spurs the 

discussion among potential adopters, looking for innovation-evaluation information, 

accelerating the adoption of an innovation.  

 Communication channels 

Communication is defined as “the process by which participants create and share information 

with one another in order to reach a mutual understanding” (Rogers, 1983, pp. 17). It is 

necessary so that innovation can spread and diffusion can take place. In essence, Diffusion of 

Innovation theory is a special kind of communication, where one party, having adopted an 

innovation, transmits the information regarding the innovation to another party, which does not 
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have the information. Communication channels are the means, which are used to transmit the 

information, and which link the two parties. The fastest and most efficient communication 

channels are considered to be mass media. Nevertheless, interpersonal channels are thought to 

be more effective in convincing individuals to adopt. The efficiency and effectivity of diffusion 

will differ depending on the utilized channels. The most efficient are mass media, which spread 

the information to potential adopters, creating an awareness-knowledge of the idea. However, 

the most effective tend to be interpersonal channels, where face-to-face interactions among few 

individuals are more likely to persuade potential adopters.  

 

 Time 

Rogers considers time as a crucial element and a strength within diffusion research. This 

attribute is the foundation of three important aspects of the diffusion – innovation-decision 

process, rate of adoption, and categorization of adopters based on innovativeness. The 

Innovation-decision process deals directly with the adoption process from acquiring the 

information until the acceptance or rejection of adopting the innovation. Innovation’s rate of 

adoption refers to the number of members who adopted the innovation compared to all the 

population within a particular social system. Adopter categorization based on innovativeness 

groups members into different categories depending on how soon or late they adopted the 

innovation. For this study, reviewing the innovation-decision process will be sufficient since 

the focus is on the adoption factors.  

 

 The Innovation-Decision Process 

The innovation-Decision process is defined as “information-seeking and information-

processing activity, where an individual is motivated to reduce uncertainty about the 

advantages and disadvantages of an innovation” (Rogers, 1983, p. 13), leading to the adoption 

or the rejection. The timely-ordered process is divided into five stages: Knowledge, Persuasion, 

Decision, Implementation and Confirmation (Rogers, 1983). 

 

Knowledge stage takes place when a unit of adoption encounters an innovation. This phase can 

be divided into three sub-categories, awareness-knowledge, how-to-knowledge and principles 

knowledge, answering questions What, How, and Why, respectively. Persuasion stage results 

in developed either positive or negative attitudes towards innovation. During this stage, 

innovation attributes are sought out and communicated through communication channels. 

However, Rogers (1983) adds that the developed attitude does not necessarily determine the 

adoption or rejection. Decision, as the name suggests, refers to the decision about the adoption 

or the rejection. Besides, the rejection can come up at any moment of the innovation-decision 

process. During the Implementation stage, innovation is put into use. It should be mentioned 

that even during implementation, a certain amount of uncertainty persists, especially in the case 

of complex technology. Confirmation stage occurs when a unit of adoption looks for support, 

confirming its decision to have adopted an innovation. Nevertheless, this can also result in the 

rejection of innovation if exposed to conflicting messages (Rogers, 1983).  

 

Even though the description of the gradual innovation-decision process has been extensively 

used in the research, the reality is believed to be more chaotic and the hierarchical effects to be 

rather an exception than a rule (Driessen and Hillebrand, 2002). A favourable attitude, which 

can eventually result in the decision to adopt, can also be increased by the trust in the 

information (Osterhus, 1997). This is an important aspect of environmental innovations since 

false claims in the past have significantly reduced the credibility of the information (Driessen 

and Hillebrand, 2002).  
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 Social System 

A social system is “a set of interrelated units that are engaged in joint problem solving to 

accomplish a common goal” (Rogers, 1983, pp. 24). The common goal ties the involved units. 

The social system defines the confines within which the diffusion takes place. The structure 

can be formal, in an organisation, or informal, within interpersonal networks. The nature of the 

structure implies that behaviour of units can be, to some extent, predicted. Therefore, the 

structure can facilitate as well as hinder diffusion. Nonetheless, it is essential to remember that 

individuals’ decision to adopt an innovation is affected by both the social system and 

individuals’ characteristics.  

 

The aforementioned innovation-decision process refers to an innovation adoption of an 

individual. Although individuals usually use innovations at the end of the day, it can be 

companies that decide upon the adoption (Rogers, 1983). Rogers (1983) divides the innovation-

decision process for members of a social system, which can be inferred to organisations, into 

three types: Optional Innovation Decisions, Collective Innovation Decision, and Authority 

Innovation Decision. In the first case, individuals decide on adoption or rejection independently 

of other members. Collective decision happens when a consensus among members is reached. 

Authority decisions refer to few individuals possessing status, power, or expertise within a 

specific field, having an authority to decide. 

 

 Criticism of Rogers’ Diffusion of Innovations 

Although the Diffusion of Innovations framework has been used extensively, it has also been 

criticised. The first critique stems from the popularity of the framework itself. Many studies 

have used Rogers’ theory with contradictive results, questioning the framework's credibility 

(Downs and Mohr, 1976). Next, it is also questioned whether or not the original theory can 

describe and encompass the full complexity of current diffusion processes (Peres, Muller and 

Mahajan, 2010) due to the increased radicality of innovations (Pace, 2013). Furthermore, the 

hierarchical importance of the defined attributes, upon which an innovation is judged, is not 

strictly determined, making it difficult to distinguish which attribute plays the most critical role 

(Dillon and Morris, 1996). Dillon and Morris, (1996) also claim that Rogers does not offer an 

accurate explanation of user acceptance. Wejnert (2002) argues that the diffusion variables are 

analysed with different concepts and methods in isolation from the insights of others. One of 

the most significant critiques has been acknowledged by Rogers (1983) himself. That is the bias 

among researchers towards successful and fast diffusing innovations, stemming from the idea 

that everyone should adopt an innovation. Therefore, researchers neglected the more slowly or 

unsuccessfully diffused innovations due to the bias (Rogers, 1983). Regardless of its critiques, 

the Diffusion of Innovations framework continues to be among the most used, with more than 

6 000 studies having applied it, also within the context of environmental innovation (Blinke, 

2020). Next model is based on the foundations of Rogers’ and was elaborated by Barbara 

Wejnert.  

 

2.2.4. Integrating Models of Diffusion of Innovations 
Wejnert (2002) developed a conceptual framework that describes the variables influencing the 

adoption of an innovation. It was developed based on extensive literature from various fields, 

such as political science, geography, and environmental studies (Halila, 2007). Wejnert’s 

(2002) work is briefly reviewed here as diffusion scholars use it to complement Rogers’ theory 

(Halila, 2007; Peres, Muller and Mahajan, 2010; Mahajan et al., 2020; Nagpal and Chanda, 

2020).  
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The conceptual framework divides diffusion variables into three major groups and their specific 

subgroups: 

1. Characteristics of innovations 

• Public vs private consequences refer to the impact of an innovation’s adoption 

on other entities (public) vs the actor itself (private) 

• Benefits vs costs relate to the advantages of monetary and nonmonetary direct 

and indirect costs or risks linked with adopting an innovation. 

2. Characteristics of innovators 

• Societal entity can be either individual or large actors, such as nations, 

organisations, communities, etc. Depending on the entity, factors can vary 

significantly, i.e., from the perspective of large actors, historical changes are 

much more relevant than individualistic concerns.   

• Familiarity with the innovation again refers to the radicality/ incrementality of 

an innovation, reviewed before.  

• Status characteristics relate to the significance/ importance of an actor’s relative 

position within a population of actors, implying that higher-positioned entities 

can increase the likelihood of adoption by, for example, imposing it.  

• Socioeconomic characteristics encompass factors such as education level, 

economic well-being within individual actors, technological advancement, 

GNP, level of development, financial resources, or political systems within 

collective actors. 

• Position in social networks depends on interpersonal networks for collective 

actors, organisational networks for collective actors, the structural equivalence 

of individual and collective actors, and social density. Factors such as the 

closeness of communication between members, network size, professionals 

within the network, amount of homogeneity within the network, or presence and 

number of adopters, could be related to this variable. 

• Personal characteristics primarily refer to self-confidence and psychological 

strength, due to which adopters do not need to wait for the security of ‘stronger’ 

actors’ opinions.  

3. Environmental context 

• Geographical settings encompass factors such as ecological infrastructures, 

spatial proximity, or density.  

• Societal culture refers to a vast spectrum, where factors like belief systems, 

cultural traditionalism, cultural homogeneity, or socialization of individual 

actors can impact the adoption. 

• Political conditions have been primarily studied in the diffusion research about 

regulations aiming to direct and control behaviour. 

Global uniformity refers to three variables reflecting the view on the world as 

one cultural entity – institutionalization, a global technology, and world 

connectedness. 

 

2.2.5. Unified Theory of Acceptance and Use of Technology 
One of the most common managerial challenges has been to make sure technology is accepted 

by users (Schwarz and Chin, 2007). Since this issue is so prominent, numerous studies have 

applied different theories under different contextual characteristics to analyse the phenomenon, 
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leading to different stakeholders’ perspectives (Williams et al., 2009). This created confusion 

among researchers when deciding which model and theory to apply (Williams, Rana and 

Dwivedi, 2015). The unified theory of acceptance and use of technology (UTAUT) was 

developed by Venkatesh et al. (2003) to unify alternative views on user and innovation 

acceptance, so the confusion among researchers could be resolved. It was developed by 

reviewing and consolidating eight, back in the days dominant, theories: Theory of Reasoned 

Action, the Technology Acceptance Model, the Motivational Model, the Theory of Planned 

Behaviour, a model combining the Technology Acceptance Model and the Theory of Planned 

Behaviour, the Model of Personal Computer Utilization, Innovation Diffusion Theory, and 

Social Cognitive Theory (Venkatesh et al., 2003).  

 

The UTAUT proposes four primary constructs which work as direct determinants of 

behavioural intention, user behaviour, and ultimately user acceptance (Venkatesh et al., 2003). 

These four determinants – Performance expectancy, Effort expectancy, Social influence, and 

Facilitating conditions – are in turn moderated by gender, age, experience, and voluntariness 

of use. Venkatesh et al. (2003) claim that scrutinizing the four constructs in a real-world 

environment enables identifying key factors influencing users’ acceptance of a specific system 

(ibid). The UTAUT has been extensively used within technology adoption and diffusion 

research. It has currently (2021) been cited over 33 000 times in reference to a wide range of 

technologies, such as the internet, hospital information systems, mobile technology, and others 

(Williams, Rana and Dwivedi, 2015). 

 

Performance expectancy is defined as “the degree to which an individual believes that using 

the system will help him or her to attain gains in job performance” (Venkatesh et al., 2003, pp. 

447). Venkatesh et al. (2003) compare this construct to Rogers’, (1983) Relative Advantage. It 

is believed to be the strongest predictor of behavioural intention and statistically significant 

during the whole time of usage and in both settings – voluntary and mandatory. The former 

describes the situation where the user decides to use the technology independently, whereas the 

user is imposed to use the technology in the latter case. Venkatesh et al. (2003) also add that 

Performance expectancy is moderated by age and gender in that younger men are thought to 

hold this construct of the highest importance. The second construct, Effort expectancy, is 

defined as “the degree of ease associated with the use of the system” (Venkatesh et al., 2003, 

pp. 450) and is compared to the notion of Ease of use in Rogers’ (1983) theory (ibid). Compared 

to the previous construct, Effort expectancy is statistically significant for both settings, yet only 

at the beginning of usage, where hurdles may occur and therefore will have to be overcome 

(Venkatesh et al., 2003). This construct influences behavioural intention and is moderated by 

gender and experience, where younger women at early stages of experience are expected to 

have a more substantial effect (ibid). 

 

Venkatesh et al. (2003) define the third construct, Social influence, as “the degree to which an 

individual perceives that important others believe he or she should use the new system” 

(Venkatesh et al., 2003, pp. 451). Rogers’ (1983) concept of Image, which appears within 

Observability attribute, can be juxtaposed to the third construct. Social influence impacts 

individual behaviour through three mechanisms – compliance, internalization, and 

identification (Venkatesh et al., 2003). The former refers to the situation where social pressure 

modifies an individual’s intention. Internalization and identification refer to changing an 

individual’s belief structure and/or making an individual react to potential status gains (ibid). 

In mandatory settings in the early stages of experience, older women are believed to have more 

potent effects on behavioural intentions. This means that the third construct is influenced by 

gender, age, voluntariness of use, and experience. Facilitating conditions are defined as “the 
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degree to which an individual believes that an organisational and technical infrastructure 

exists to support use of the system” (Venkatesh et al., 2003, pp. 453) and directly reflect 

Rogers’, (1983) Compatibility innovation attribute (Venkatesh et al., 2003). This construct 

refers to environmental aspects which are either designed to remove barriers or are designed as 

direct antecedents of usage (ibid). Age and experience are believed to moderate Facilitating 

conditions, where older workers with increasing experience will have stronger effects (ibid).  

 

Williams et al. (2015) reviewed 174 research papers using the UTAUT theory. Their report 

mentions that the most common constraint among the studies, applying the UTAUT, was to 

focus on a single subject – culture, country, organisation, agency, department, person, or 

community. Furthermore, since the focus of these studies was one sole task at a specific time, 

Lee et al. (2003) argue that this dramatically limits broader generalization, which can be 

regarded as the main weakness (Williams, Rana and Dwivedi, 2015). Another identified 

limitation was self-reporting (ibid). Lastly, Williams et al. (2015) argue that data samples from 

studies using the UTAUT may not be representative, as there is a dominant use of student 

samples. In the next chapter, Horte’s and Halila’s 2007 model is reviewed regarding various 

adoption factors. 

 

2.2.6. Innovation and Adoption factors 
There are many points of departure to investigate factors influencing an innovation. Hörte and 

Halila (2007) developed a model for analysing diffusion based on market success. Factors are 

divided into four overarching categories: Factors related to the innovator, Factors related to 

the innovation, Factors related to the development process, and Factors related to the 

surroundings. These categories influence different aspects of an innovation process, as can be 

seen in Figure 6. All four categories are reviewed since they are intertwined with each other 

(Halila, 2007).  
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Figure 6 - Influencing factors of an innovation process. Adopted from: Halila, (2007) 

 

 Factors related to the innovator  

Factors related to the innovator encompass four factors: individual characteristics, education, 

competence, and network. They can also be complemented with an educational background 

(Halila, 2007). The innovator, or a project leader, is expected to have the necessary 

competencies and allocate enough attention to the project (Cooper and Kleinschmidt, 1987). 

On the other hand, the project team should be composed of members with various backgrounds, 

yet again with necessary qualifications so that the development can be built from different 

contributions (Griffin, 1997). The role of the network comes into play since the project is not 

elaborated in isolation and usually many actors are present, due to which it is recommended 

that the innovation should be investigated from a “system perspective” (Granovetter, 1985; 

Halila, 2007).  

 

 Factors related to the innovation  

Factors related to the innovation include the degree of market newness, competition, cost/price, 

technological level, and degree of radicality. The first three factors are related to the market 

(Halila, 2007). The past research indicates that superior performance, reliability, quality, and 

low cost are perceived more preferably by customers and consequently succeed (ibid). 

Furthermore, the common ground among researchers is the claim that the most successful 

innovations exploit the understanding of customers’ needs early in the development process 

(Calantone, Schmidt and Song, 1996; Poolton and Barclay, 1998). The technological level of 

the innovation is related to an advantageous offering thanks to which the consumers‘ demands 

are met more favourably than competitors’ (existing) products (Cooper, 2001). The degree of 

radicality determines the extent of difference in the innovation (Halila, 2007). This factor is 
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directly linked to the previously discussed Gopalakrishnan's and Damanpour's (1997) 

categorization of Radical and Incremental innovations. 

 

 Factors related to the development process  

Factors related to the development process can be regarded as the most complex since they 

touch upon each aspect within Hörte's and Halila's (2007) developed model. The development 

process is regarded from the timely and financial perspectives, which are very closely 

intertwined. From the past studies, it was found that when a well predefined and formalized 

approach for product development is followed, the likelihood of market success increases 

(Griffin, 1997). Next, thorough execution of pre-development tasks is strongly linked to 

financial capabilities and market success (Cooper, 2001). A financial factor, which is crucial 

for the development process, is access to capital (Halila, 2007), which to Ahrens, (2008), is the 

defining factor of why innovations succeed or fail. This is especially relevant when discussing 

environmental innovations (Nilakanta and Scamell, 1990; Kemp and Arundel, 1998; Cainelli, 

De Marchi and Grandinetti, 2015).  

 

A theory connected to both the development process of innovation and a network and a project 

team is Competence bloc theory stemming from the biotechnological background developed by 

Eliasson and Eliasson (1996). The theory “defines the minimum set of competent actors 

necessary to maximize the exposure of each project to a varied competence base in order to 

minimize the two types of error” (Halila, 2007, pp. 23), which are keeping losers (projects/ 

innovations) for too long, and rejecting winners. Halila (2007) summarized these actors 

accordingly: (1) Competent and active customers, (2) Inventors who integrate technologies in 

new ways, (3) Entrepreneurs who identify profitable innovations, (4) Competent venture 

capitalists who recognize and finance the entrepreneurs, (5) Actors in the second-hand markets 

that facilitate ownership change, and (6) Industrialists who take successful innovations to 

industrial production. It is argued that the point of departure of the chain is demanding 

customers (Eliasson and Eliasson, 1996). Furthermore, each actor depends on the competencies 

of other actors, making the chain as strong as the competencies of the weakest actor (ibid).  

 

 Factors related to the surroundings  

Factors related to the surroundings stem from the fact that innovator and innovations, in 

general, are highly influenced by the environment (Rogers, 1983; Eliasson and Eliasson, 1996; 

Halila, 2007). Governmental regulations are known to help and hinder the adoption and 

diffusion of innovations (Rogers, 1983). Environmental policies and regulatory frameworks 

have consequently the same effect on environmental innovations (Fichter and Clausen, 2016; 

van Leeuwen and Mohnen, 2017; Huang, Liao and Li, 2019). Environmental innovations 

require regulatory support due to low ‘technology push and market pull’ forces (Halila, 2007). 

Since an environment is a never-ending developing entity, it is purely impossible to attempt to 

encompass all problems of innovation development (Abrita et al., 2019). However, researchers 

claim that innovators capable of coping with the changes increase the likelihood of innovation 

success (Halila, 2007). As this study focuses on solar thermal, the next chapter presents studies 

regarding the adoption and diffusion barriers of renewable energy technologies.  

 

2.2.7. Adoption and diffusion of renewable energy technologies  
This chapter reviews studies on the adoption and diffusion of RETs. It aims at broadening the 

scope during the identification of influencing factors for the adoption of solar thermal into DH 

systems. The research on factors influencing the adoption and diffusion of RETs has resonated 

with the increased awareness of issues regarding sustainability (Montalvo, 2008), and many 

researchers embarked on this wave (Clausen and Fichter, 2019; Gupta and Barua, 2018; Luthra 



Literature review – Adoption and Diffusion of Innovations 

31 

 

et al., 2015; Montalvo, 2008; Reddy and Painuly, 2004; Tabrizian, 2019; Zyadin et al., 2014) 

and many more. It has to be acknowledged that the reviewed studies vary in contextual aspects, 

such as time, industry, or geography, as well as the applied methodology, making 

straightforward inferences impossible. That is the reason why some identified barriers and 

drivers can differ.  

 

One of the cornerstones within environmental innovation adoption and diffusion is the study 

conducted by Montalvo (2008), where the factors affecting the adoption and diffusion of 

“cleaner technologies” at the firm level were investigated. The study presented a selective 

survey of papers dating between 1990 and 2007. Seven affecting factors were found: Public 

policy, Economics, Markets, Communities and social pressure, Attitudes and social values, 

Technological opportunities and capabilities, and Organisational capabilities. The influence 

of Montalvo’s (2008) study can be noticed since some scholars argue that these seven factors 

dominate the (current) literature, either plainly, or under different terms (Blinke, 2020). Another 

major study was done by Fichter and Clausen (2016), where 100 sustainable product and service 

innovations within the German context were scrutinized in order to find principal driving and 

hindering factors. They, as well, identified seven factors: Market power of established 

suppliers, Political push and pull, Small influence of pioneers, Incentive to buy, Compatibility 

with routines, Price and cost-effectiveness, and the Comprehensibility of the innovation. The 

conducted correlation analysis showed that Market power of established suppliers has the most 

significant impact on the diffusion of environmental innovations, followed by Small influence 

of pioneers, and Compatibility with routines factors.  

 

Reddy and Painuly (2004) conducted a survey on views on the barriers to the diffusion of RETs. 

The study investigated different stakeholders’ views within the Indian context, where 

households, industry and commercial establishments, and policy experts were probed. One of 

the most reoccurring barriers among all the stakeholders was the high cost of renewable 

technologies compared to the technologies based on conventional fuels. In combination with 

governmental actions increasing the costs of fuel prices, both technological and organisational 

development are needed to make renewables more favourable. Furthermore, the high costs of 

renewables present high risks to profit-seeking investors, forcing them to orient themselves 

elsewhere, which subsequently impedes further diffuse renewable technologies. Since 

renewable technologies vary in many characteristics, environmental policies must accurately 

acknowledge these differences with innovative policy frameworks. Four Indian SMEs were 

investigated by Gupta and Barua (2018) to look for barriers and solutions to overcome the 

barriers to green innovation. They identified seven main categories: Technological, Financial, 

Market, Knowledge, Government, Managerial, and External partnership; and 36 sub-category 

barriers. It was concluded that the most important barrier, perceived by the managers of the 

investigated SMEs, were financial and economic barriers, followed by market and customer 

related barriers. The most promising solution was designing effective policies and framework 

by government and policy makers to reduce environmental degradation.  

 

Tabrizian (2019) addressed the problem of slow diffusion of RETs in developing countries. 

First, neoclassical and systemic model paradigms were used to identify general barriers. The 

neoclassic approach identified the main barriers to be state of monopolies within the electricity 

market, non-internalization of environmental externalities, and unequal knowledge of the two 

parties in an electricity market (knowledge asymmetry). The systematic approach identified a 

lack of knowledge, skills, capacity, social acceptance, and subsequent non-legitimization of 

renewable technologies. Then, the study focused on the developing countries specifically and 

concluded that system failures, in the form of social, economic, and national conditions, is the 
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main barrier. The most critical problem of slow diffusion of RETs was found to be the lack of 

infrastructure. Zyadin et al. (2014) conducted a survey-based study of 122 researchers regarding 

renewable energy development. They gathered ten primary statements, which resonated with 

the barriers. Researchers found the lack of governmental policies to be the most important 

barrier for renewable energy development, followed by competition from fossil fuels (both 

conventional and non-conventional) and a lack of public awareness and support. There was a 

variance in the key barrier perceived by researchers based on the respondents’ geographical 

location. Asian scholars found the lack of supportive governmental policies the most 

significant, whereas European researchers perceived the lack of public support, and African 

academics considered the lack of mobilized public finance.  

 

Mignon and Bergek (2016) synthesized both system-level and actor-level challenges faced by 

adopters of renewable electricity technologies. The study of qualitative character investigated 

28 adopters in France and Sweden. Eight challenges were found: Market structure, 

Infrastructure, Financial, Institutional, Interaction, Technology supply, Adopter resource and 

Behavioural challenges. Furthermore, the study underlines the difference between blocking and 

restraining challenges. The former did block innovations to be adopted and diffused, whereas 

the latter slowed down the adoption. The authors claim that this distinction should help 

policymakers to make more accurate decisions.  

 

Frate and Brannstrom (2017) explored barriers and drivers to introducing solar photovoltaic 

technology within the Brazilian energy context. They identified three statistically significant 

social perspectives, where infrastructure, poor community outreach, and lack of planning are 

perceived as potential barriers to expanding PVs in Brazil. Elmustapha et al. (2018) investigated 

stakeholders' views on adopting solar energy technology in Lebanon. It was found that the 

adoption produced higher observability which positively contributed to the market in the form 

of increased awareness and trust in the technologies. Next, attributes, such as financial 

advantage or compatibility with values, and social ties, influence the uptake of solar 

technologies. Finally, it was found that end user’s characteristics, like educational level, or 

specialization also impacted the uptake. Table 4, summarising the influencing factors for the 

adoption of RETs, was developed from the reviewed literature. Table 4 concludes both the 

second section and the Literature review. Next, the Methodology chapter, outlining how the 

study was conducted, along with quality, ethics and limitation considerations, is presented.  
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Influencing factors 

Public policy (i.e., the role of government, lack of public support, lack of planning) 

Economics (mainly price and cost-effectiveness) 

 

Markets (i.e., established suppliers, monopolies, non-internationalization of RETs, the 

influence of pioneers, competition from other fuels, infrastructure) 

 

Communities and social pressure (i.e., adopter resources, behavioural challenges, poor 

community outreach) 

 

Attitudes and social values (i.e., compatibility, comprehensibility, knowledge and its 

asymmetry, social acceptance) 

 

 

Technological opportunities and capabilities (technology itself) 

 

Organisational capabilities (i.e., management, partnership) 
 

Table 4 - Identified influencing factors from the adoption of RETs literature 
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3. Methodology 
 

Merriam-Webster online dictionary (2021) defines methodology as: “a body of methods, rules, 

and postulates employed by a discipline: a particular procedure or set of procedures”. One of 

the most prominent figures within business research methods, Bell (2019), states that 

methodology is the theory behind how the research should be done. This chapter describes how 

the study was designed, encompassing descriptions regarding the research design, case study, 

sampling, data collection, and analysis. The chapter concludes with ethical considerations, 

discussion about the research quality and its limitations.  

 

3.1. Research design 
There are two types of research methodologies – qualitative and quantitative. According to Bell 

et al. (2019), qualitative research focuses on words and their meaning, as it aims to provide a 

more in-depth understanding of experiences. On the other hand, a quantitative approach aims 

to quantify the data, using different mathematical and statistical methods to make inferences 

and generalizations (ibid). Compared to a quantitative approach, a qualitative approach offers 

more richness and a deeper understanding of issues (Skinner, Tagg and Holloway, 2000). 

Furthermore, it is argued that this approach helps with complex problems, where several 

stakeholders with different concerns and perceptions are involved (ibid). Given that this study 

aims to identify barriers and facilitators of slow adoption of solar thermal within DH systems, 

where many stakeholders with varying interests are involved, a qualitative approach was found 

to be the most suitable. On top of that, since capturing individuals’ thoughts and experiences 

was very important for this study, a quantitative approach might not offer this possibility to the 

extent as a qualitative approach does (ibid).  

 

This study employed an inductive research approach by gathering and analysing data to develop 

a theory (Greener, 2008). The theory is developed by extending the acquired/observed 

knowledge to a general level (Bell, Bryman and Harley, 2019). Nonetheless, it should be 

acknowledged that researchers can usually infer only empirical generalizations from the data, 

whereas only a few develop theories (ibid). On top of that, it should be remembered that 

obtained knowledge is limited to the author’s interpretations and reconstructions since “the 

researchers cannot free themselves of their theoretical and epistemological commitments” 

(Braun and Clarke, 2006, pp. 84). 

 

According to Yin, (2011), case studies tend to be applied when a phenomenon is studied under 

a specific context, attempting to reach a deeper understanding of the phenomenon. 

Consequently, an exploratory case study of the specific DH system in France, where solar 

thermal had been slowly adopted, was used to study the influencing factors for the low adoption 

of solar thermal within the French context. The motivation for choosing France and the specific 

case for the analysis are further elaborated in the following sampling section.  

 

3.2. Sampling 
Choosing the sample, sampling, in other words, can be done depending on each situation. Two 

distinct techniques can be utilized – probability and non-probability sampling. As the name 

suggests, the former technique is based on randomization, where each unit of the population 

has the same probability of being included within the sample (Bell, Bryman and Harley, 2019). 

On the other hand, the latter has a notion of strategic sampling, where samples are not selected 

randomly. Non-probability sampling is employed to reach a wide range of individuals relevant 

to the research, enabling to acquire many different perspectives (ibid).  
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The study aimed at identifying the influencing factors for the slow adoption of solar thermal 

into DH systems. Therefore, all DH systems where solar thermal has been adopted are the units, 

creating the study population. The sampling frame consisted of French SDH systems. There are 

several reasons for the particular choice of France. The precondition to study the adoption of 

solar thermal systems into DH is the existence or the considerable potential to invest in the 

future into DH systems. Since Europe is considered to have the biggest market share, with the 

longest history of operating with DHS (Werner, 2017), the continent limitation was chosen. 

Even though Poland accounts for the most significant share of DH systems in Europe (ibid), 

effective implementation of renewable technologies is not expected anytime soon due to the 

main market barrier in terms of substantially cheaper fossil-based sources, e.g., coal (ibid). 

Some of the identified drivers from the literature review and web searches, such as carbon tax 

and France’s aim to reach 100€/tCO2e (Carattini, Kallbekken and Orlov, 2019), existing 

financing structures like ADEME (Gabillet, 2015), or thermal regulations from 2012 and 2020 

(Morosan, 2011; Ouhaibi et al., 2020), could be considered to be creating or to create in the 

future, right conditions to take off vast adoption of environmental innovations into DH systems. 

On top of that, from the identified literature, studies limiting themselves within the European 

context primarily focused on Baltic countries (Volkova, Mašatin and Siirde, 2018), Denmark 

(Münster et al., 2012), or Germany (Urbaneck et al., 2015).  

 

The sample was then chosen from the sampling frame. The specific case where solar thermal 

had been slowly adopted was chosen. The specific case shall be called ProjectA due to the 

anonymity measures. The case was chosen based on extreme and purposive sampling, a 

recommended sampling method for case studies by Yin. ProjectA was the first large-scale SDH 

system in France, and it was the largest SDH in France until the opening of another one towards 

the end of the year 2021. Furthermore, the ProjectA took over six years from initial talks until 

the inauguration, compared to other SDH systems, like the one in Chemnitz (Shrestha et al., 

2017) or in Pons (Sarda, 2021), where both SDH are of similar sizes as ProjectA ~ 2 000 m2 

and took around four years. Another example can be the SDH in Salaspils, where the size is ten 

times bigger, yet the project was done within two and a half years (Epp and Oropeza, 2019). 

ProjectA will be described in more detail in the findings chapter. Sampling within the ProjectA 

was done as well. Stratified purposive sampling combined with snowball sampling was used to 

acquire interviews with relevant participants representing different stakeholders’ groups. 

 

3.3. Data collection 
Bell et al. (2019) state that interviews are the data collection method that is the most widely 

applied within qualitative research, as it offers extended flexibility. There are two types of how 

interviews can be conducted within the confines of qualitative research. That is, either in an 

unstructured or semi-structured manner (ibid). However, Whyte and Gary (1953) warn from 

the unstructured, non-directive interviews since interviewees can steer the conversation away 

from the phenomenon, which the researcher attempts to analyse. Furthermore, the broader 

meaning can be assigned to qualitative interviews only in relation to other interviews (ibid). 

According to Yin (2011), case studies can use several resources as evidence in the research – 

documentation, archival records, interviews, direct observation, participant observation, and 

physical artefacts. Furthermore, Yin (2011) also claims that the research should be based upon 

several sources to be considered high-quality.  

 

This study utilized interviews as primary resources for studying the phenomenon of slow 

adoption of solar thermal into DH systems. In the beginning, the literature review was 

conducted, as described previously. The literature review also encompassed an analysis of 
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publicly available reports, which helped to create a general image of the case. It was important 

to ensure that during the interviews, the same data patterns were generated and that the 

conversation is not steered too far away from the phenomenon yet provides enough freedom to 

interviewees to describe the entirety of the case. Referring back to Whyte and Gary (1953), a 

semi-structured approach was therefore chosen. An interview guide (see Appendix A) was 

developed based upon acquired knowledge from the literature review, including the reports, 

and was developed prior to the interviews. The interview guide starts with bullet points to 

thoroughly present the study and its aim to interviewees. The introductory questions regarding 

interviewees follow. It continues with bullet point questions concerning the ProjectA, how it 

was initiated and managed, what kind of challenges occurred etc. It finishes with the space 

provided to interviewees to add some additional comments or ask questions. At the very end, it 

asks to provide further contact details regarding other stakeholders.  

 

Dworkin (2012) claims that at least five interviews can be regarded as adequate in qualitative 

research. As the study was conducted, five main stakeholder groups were identified: Local 

Authorities, Design Offices, Operator, Engineering Companies, and Environmental Agency. 

Overall, 11 interviews were conducted, representing at least 2 participants from each 

stakeholder group. Consequently, the author assumes the sample size to be sufficient. Due to 

the current pandemic situation related to COVID-19, all the interviews were conducted and 

recorded digitally via Zoom. Apart from the developed interview guide, probing, follow-up, 

and direct questions were often used to clarify misunderstandings. Follow-up questions cannot 

be planned, as they are developed on the spot depending on the specific situation. Seven 

interviews were conducted in English, and therefore were transcribed via Otter.ai, polished and 

subsequently analysed with the help of Taguette. Since four interviews were conducted in 

French, the interviews were transcribed in French yet analysed in English – the identified 

themes were named in English, and only quotes supporting the themes were translated. The 

interviews lasted between 40 and 90 minutes.  

 

The interviewees were divided into five identified stakeholder groups depending on their roles 

during ProjectA. Local Authorities representing the town that invested in the solar field 

accounted for two interviewed participants. Two participants were, as well interviewed from 

an Operator operating the DH system, Engineering Companies supplying solar collectors, and 

from an Environmental Agency, financially supporting the ProjectA. Three participants were 

interviewed from Design Offices, responsible for feasibility, pre-project, and measuring studies. 

Table 5 provides an overview of stakeholder groups, participants, and their characteristics. 
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Stakeholder 

group 
Participant Gender Age 

Years in 

office 

Interview 

time (mins) 

Local 

Authorities 

LC1 Male 65-75 8 56 

LC2 Male 25-35 4 37 

Design 

Offices 

DO1 Female 35-45 7 48 

DO2 Male 35-45 12 62 

DO3 Male 40-50 11 68 

Operator 
O1 Male 35-45 15 87 

O2 Male 30-40 9 57 

Engineering 

Companies 

EC1 Male 40-50 8 42 

EC2 Male 35-45 10 53 

Environmental 

Agency 

EA1 Male 35-45 9 72 

EA2 Female 40-50 16 49 
 

Table 5 - Stakeholder groups and interview participants 

 

3.4. Data analysis 
Braun and Clark (2006) suggest using Thematic Analysis as a qualitative analytic method to 

establish a rich, detailed, yet complex understanding of the acquired data. Their paper, “Using 

thematic analysis in psychology” from 2006, is the cornerstone of this analytic method. 

Thematic analysis is a method for “identifying, analysing and reporting patterns (themes) 

within data” (Braun and Clarke, 2006, pp. 79) which subsequently helps to answer research 

questions. It is done by capturing themes through a data set of interviews or texts. The 

importance of themes is not based on quantifiable metrics but is intrinsically embedded in 

regard to the research question(s). Thematic analysis is a common approach in qualitative 

research and is considered a more accessible form of analysis, especially for less experienced 

scholars within the qualitative research field (ibid). On the other hand, thematic analysis is 

criticized as being too descriptive and not sophisticated enough. To which Braun and Clarke 

(2006) reply to be possible, yet at the same time, it can be a “robust, systematic framework for 

coding qualitative data” (Braun and Clarke, 2006, pp. 78), implying that it depends on the 

respective researcher.  

 

The thematic analysis consists of six phases: 

1. Familiarizing with the acquired data 

2. Generating initial codes 

3. Searching for themes 

4. Reviewing themes 

5. Defining and naming themes 

6. Producing the report 

The familiarization phase was done during reading and re-reading transcriptions. Much time 

was spent re-reading since it is considered a “bedrock for the rest of the analysis” (Braun and 

Clarke, 2006, pp. 87). On top of that, it is also why qualitative research tends to have fewer 

respondents than quantitative research (ibid). Afterwards, initial codes were generated by 

labelling parts of transcriptions that were found interesting in relation to the research question. 

Next, subthemes, having a common characteristic to collate several codes, were identified. 

Finally, the identified subthemes were merged under four overarching themes. The analysis 
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took an inductive approach, also called the data-driven or bottom-up approach. Here, the 

process of coding the data does not aim to fit it into a pre-existing coding frame but instead 

identifying themes strongly connected to the data itself (ibid). However, it should be 

acknowledged, as Braun and Clarke (2006) eloquently highlight, that the data are not coded in 

an “epistemological vacuum”, meaning that researchers are unable to liberate themselves from 

their “theoretical and epistemological commitments” (Braun and Clarke, 2006, pp. 84). 

Afterwards, the themes were reviewed to ensure that they worked with the collated codes and 

the entire data set, which is an iterative process. After this phase, the themes were defined and 

named. In the end, the themes were compared to the existing literature while writing up the 

study.  

 

During the analysis, the influencing factors were divided into “barriers”, which are defined as 

“factors that hamper, delay, or even block innovation” (Hueske and Guenther, 2015, pp. 114), 

and “drivers”, which are defined as “factors that facilitate the implementation of change by 

providing an understanding of the need for change, describing the change vision and initiatives, 

fostering or training employees on new work routines, processes, models, and or values, or 

embedding changes in the culture” (Hueske and Guenther, 2015, pp. 115).  

 

3.5. Quality Considerations 
The quality of a qualitative study is assessed according to four trustworthiness criteria: 

credibility, transferability, confirmability, and dependability (Connelly, 2016; Bell, Bryman 

and Harley, 2019). These criteria determine to what extent the utilized methods, data, and 

interpretations can be trusted.  

 

Credibility refers to the truthfulness and accuracy of the findings (Bell, Bryman and Harley, 

2019). It parallels internal validity in quantitative research (ibid) and holds the truth component 

of the study (Nowell et al., 2017). Several techniques to ensure the study to be credible are 

described by Bowen (2008) – member check, triangulation, prolonged engagement, and 

persistent observation. This study mainly employed prolonged engagement. The interviews 

lasted between 40-90 minutes, so the author could get well acquainted with the background and 

obtain rich data. Even though lack of member checks could potentially decrease the study's 

credibility, Thomas (2017) claims that little evidence exists for member checks to improve 

research findings. By finding the characteristics and elements that are relevant to the study, 

persistent observation was attained. Data and Methodological Triangulation were achieved by 

utilizing primary and secondary data (Korstjens and Moser, 2018). Investigator Triangulation 

is not achieved since the study's author is also the only analyst of the interviews.  

 

Transferability refers to the generalizability of the findings across various contexts and is 

considered identical to external validity (Bell, Bryman and Harley, 2019). In general, 

qualitative research intrinsically bears the idea of focus on uniqueness, where generalisation is 

questionable (Bell et al., 2019). Therefore, the transferability of qualitative research tends to be 

low due to contextual characteristics, which makes it hard to generalize the findings to other 

situations. Nevertheless, Lincoln & Guba (1985) recommend providing a thick description, 

where rich details, enabling to obtain a thorough understanding of the culture and background, 

offset this inconvenience. A thick description is provided when describing the ProjectA, 

interviewed participants, and subsequently when presenting the results.  

 

Dependability refers to the degree to which a study can be replicated for the findings to be 

consistent (Bell, Bryman and Harley, 2019). Ensuring the study's replicability, especially within 

qualitative research, can be seen as impossible as social settings constantly evolve and develop 
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(LeCompte and Goetz, 1982). Even though the case and interview participants are well 

described, there is a very high probability that a different study would interview different 

participants. Even if the same participants were interviewed with the same questions, the 

acquired data and subsequent result would probably differ. On-the-spot-developed questions, 

such as follow-up and probing questions, eliciting a deeper understanding of the phenomenon 

during interviews (Bell et al., 2019), would have differed for other researchers. Most 

importantly, researchers’ interpretations have a direct impact on the results of a study. 

Therefore, these would yield divergent findings among different researchers, regardless of the 

same interview guide and the same people. Consequently, the dependability of this study cannot 

be assessed as very high. 

 

Confirmability refers to the neutrality of research findings (Bell, Bryman and Harley, 2019). 

Since the findings were based on participants’ responses mainly and the literature review to 

some extent, the confirmability of this study can be regarded as high. On top of that, recording 

and subsequent transcription of all the interviews reduce the researcher’s interpretation (ibid).  

 

3.6. Ethical Considerations 
When a study is conducted, ethical aspects are always touched upon during all phases –  

designing, planning, data gathering & analysis (Williamson, 2007). It is therefore essential to 

acknowledge and discuss ethical considerations. The study was designed to minimize any 

negative ethical intrusions accordingly while considering the four primary ethical aspects of 

research (Bell et al., (2019). Harm to participants can refer to several concepts – harm to 

participants’ development or self-esteem, stress, harm to career prospects or future employment 

or physical harm. Informed consent implies that prospective participants are provided as much 

information as possible to make an informed decision about the participation. The third ethical 

principle, privacy, stipulates that the privacy of participants should be protected. The last ethical 

principle, deception, occurs when research is presented as something else than what it is (ibid).  

 

The study’s scope, aim, data gathering & analysis was provided before the interview to all 

participants so that informed consent could be ensured. Before the interview started, the 

participants were explicitly asked if they could be recorded, and if so, the question was posed 

again after the recording started. When the official part ended, they were informed that the 

recording stopped. Anonymity measures were taken. The organisations were divided into five 

overarching stakeholder groups, depending on their roles within the ProjectA. Next, the exact 

names of people and locations were anonymised since identification would have been easy 

given the idiosyncratic characteristics of the case. This ensured that harm to participants and 

invasion of privacy was reduced to the minimum. 

 

3.7. Limitations 
 

Several limitations stem from the intrinsic design and conduction of the study. Even though 

Bell et al. (2019) or Dworkin (2012) claim that five participants within the qualitative research 

are enough, from pure logic, it is clear that more participants would have solidified the findings 

in addition to the eleven interviews. On the other hand, the five main stakeholder groups were 

represented with at least two participants. Next, most participants were males, implying that 

different findings could have been obtained if the gender balance among participants would 

have been reached.  

 

Another limitation is the generalizability in reference to contextual characteristics. First, the 

geographical location implies intrinsic regulatory policies, such as environmental regulations, 
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legal frameworks, etc., which can be perceived as both barriers and drivers. Therefore, 

generalizing the findings beyond the French context might not be feasible. Next, the study 

focused on the specific case of solar thermal, which has distinctive features when adopting and 

integrating into DH systems. Consequently, scrutinizing a different environmental innovation, 

such as geothermal or heat pumps, could have resulted in different findings. On top of that, the 

studied case was adopting solar thermal ex-post, and not during the development of a new DH 

system.  

 

The interviews had to be done digitally due to the current pandemic situation. Even though the 

interviews were recorded, not always did participants turn their cameras on. As Bell et al. (2019) 

argue, this can hamper researchers to dynamically react in the form of probing or following-up 

questions based on facial expressions or body postures. Some interviews were conducted in 

English, and some in French, where neither of the languages is the researcher's mother tongue. 

As Xian (2008) claims, this can pose some linguistic issues because the meaning cannot be 

fully expressed, resulting in possible misinterpretations, reducing the study's credibility. 

Nevertheless, it should be acknowledged that the author possesses a deep knowledge of both 

languages. Next, since the study was done by one researcher only, some bias could have been 

inflicted into the coding and analysis. Furthermore, subconscious bias could have also stemmed 

from the literature study done prior to the interviews.  
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4. Results 
This chapter first describes in detail the investigated case, and then themes and subthemes are 

presented. Four main themes were identified – Technology, Environmental Regulations, 

Management of District Heating Systems, and Financials. The theme Technology had the most 

subthemes – Temperature Levels, Experience, Design, Symbol, Competitiveness, Status quo, 

and Champion. Environmental Regulations followed with three subthemes – Carbon Tax, 

Subsidies, and Reduced VAT. The theme Management of District Heating Systems had two 

subthemes – Legal Framework and Involvement. The last theme, Financials, had two 

subthemes, as well – CAPEX and Siting – yet it was prevalent within all the themes. This 

interconnectedness made it hard to distinguish other subthemes within Financials. A thematic 

map is provided to illustrate the overall conceptualization of the data patterns. Based on this 

categorization, barriers and drivers are subsequently revealed. 

 

4.1. ProjectA: Adoption of solar thermal 
The ProjectA is a DH system located in the northwest part of France, where solar thermal was 

adopted. In the beginning, the DH system had been designed and built using biomass and gas 

boilers only and was in operation since 2011 under a DSP-Affermage contract. The DSP 

contract is a legal framework most widely applied for DH systems to be operated in France. 

The DSP-Affermage contract is a legal framework where a local authority delegates the third 

party to invest and operate the DH system for a certain amount of time until the investment is 

amortized, and afterwards, the DH system belongs to local authorities. ProjectA first started 

from the feasibility study done by one of the Design Offices. The Design Office issued a call 

for interest for DH systems to be evaluated upon the adoption of solar thermal. At the same 

time, the DH system was planned to be extended, which seemed like an opportunity to adopt 

solar thermal. Furthermore, it has to be acknowledged that the city had already had some 

experience with different eco-projects, which subsequently helped with ProjectA.  

 

“… connecting biomass into district heating, wind parks, and so the success and inertia of 

these projects was used to push solar thermal” (O1) 

 

When the feasibility study was finished, Local Authorities were convinced about adopting solar 

collectors into the DH system. Then, the pre-project study followed, done by another Design 

Office, which confirmed that 900 MWh of heat energy per year could be injected from solar 

collectors into the DH system. Later in the project, this was used as the condition to be eligible 

to apply for supplying solar collectors into the ProjectA. When the Local Authorities tried to 

persuade the Operator to invest in the solar field under the same DSP-Affermage contract, the 

Operator was very reluctant to do so. Due to the impossibility of finding a mutual agreement, 

Local Authorities decided to take on the investment independently, with the help of the 

Environmental Agency.  

 

“… the Mayor told me that he did not want for the city to cost it anything. So, when the 

Operator refused to invest into it, I had to find the financing” (LA1) 

 

The Environmental Agency secured 70%, and the 30% left had to be found. Since DH systems 

are usually operated for 20 years, it is vital to be on good terms between a local authority and 

an operator. Consequently, the Operator agreed to integrate and operate solar collectors into its 

DH system but did not want to invest in it. On top of that, the Local Authorities expected a price 

decrease for final consumers to be achieved when adopting solar. The intention to decrease the 
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final price for heat combined with the unwillingness to invest the 30% resulted in adding a 

cogeneration facility into the DH system.  

 

“… the cogeneration was added to decrease the price. The solar field would increase it, and 

the cogeneration would put it back down. It was balanced like this…” (EA1) 

 

After having conducted all the studies by different Design Offices, the supplier of solar 

collectors was chosen. For the supplier to be eligible to apply, the company had to ensure the 

900 MWh of heat per year clause. Next, the question of the legal framework had to be answered. 

The legal framework used for adopting solar thermal was again the DSP contract, however a 

different type, DSP-Concession. In this contract, local authorities invest in the project and 

delegate the operation to a third party. The feasibility study commenced in 2013, whereas the 

works were initiated in 2017. The ProjectA was inaugurated in mid-2018 and has been at work 

since then. It was the largest SDH system in France until late 2021. The ProjectA enabled the 

identification of the influencing factors to adopt solar thermal into DH systems. Next, these 

factors are be presented, starting with the technology.  

 

4.2. Technology 
The first theme is connected to the specifics of the technology and the interplay with the 

analysed DH system. It was the most dominant theme, along with the Financials, since all the 

stakeholders referred to it. However, this theme was predominantly touched upon by Design 

Offices, Engineering Companies, and Operator. Seven subthemes related to Technology were 

identified – Temperature Levels, Experience, Design, Symbol, Competitiveness, Status quo, and 

Champion.  

 

The first subtheme was Temperature Levels. It was explained that DH systems have supply and 

return temperatures. The former accounts for the temperatures in pipes which supply the heat, 

whereas the latter stands for temperatures of the heat carrier returning to the heating facility. It 

was said that temperature levels in France, in general, are high, which makes the integration of 

any environmental innovation a challenge, because reaching that high temperatures with current 

renewable technologies is either impossible or inefficient: “In France, we have very high 

temperatures, especially return temperatures… because of that, putting renewables there is 

hard” (O1). In ProjectA, solar thermal was integrated as a decentralised system using 

Return/Return scheme, where the heat carrier passes through the solar field while preheating 

itself and injecting back into the returning pipe to get reheated by the biomass boiler. On top of 

that, there was only a north part of the loop supplemented by the heat generated from the solar 

field. That was because the north part, connected to the biggest heat consumer, the hospital, 

was renewed, and lower temperatures were therefore reached.  

 

“the idea was not to go, or not to go with renewable technologies, the main idea was that the 

heating system had to be updated” EC2 

 

The second subtheme was Experience. It referred to the general lack of experience among all 

the stakeholders – lack of experience within the staff of the Operator, lack of experience within 

Design Offices projecting and calculating the studies, lack of experience within the Local 

Authorities attempting to find the solution concerning the legal framework under which the 

solar field could be integrated. This could be since ProjectA was the first large-scale solar 

district heating in France. The lack of experience was known, but there was a push to a ‘learn-

by-doing approach’, so the experience is generated during the adoption and subsequently 

further diffused. The lack of experience was well described by the Design Office: 
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“I can admit it, we did not have much experience. We knew PV, but solar thermal? At this 

scale? Yes, we did the calculations, and it eventually worked. But now, it would be much 

better.” (DO1) 

 

The subtheme Experience was also linked to the previous experience encountered in other 

eco-projects like biomass in the DH system or wind parks. However, it seemed to be more of 

continuous inertia moving the solar DH system forward than an experience helpful during the 

integration of solar thermal.  

 

“… connecting biomass into district heating, wind parks, and so the success and inertia of 

these projects was used to push solar thermal” (O2) 

 

The third subtheme, an appropriate Design, was mentioned by several stakeholders as one of 

the key aspects to consider for efficient integration and successful adoption of solar thermal 

into DH systems. Many factors, such as the intermittency of the sun, varying consumer heat 

demand, and availability of the past data, dimensioning of the solar field, or overheating, come 

into play when designing a solar field. Furthermore, in this particular case, the Design subtheme 

can also be connected with the subtheme Experience. The integration of solar thermal into an 

already existing DH system was an essential aspect stemming from the Design. It was told that 

the Design of the solar field must be taken globally along with the DH system and not 

separately. The Local Authorities described it accordingly: 

 

“… one of the most important things is to design the solar field according to the big picture… 

it is important to take into account the whole energy mix… If it is designed well, it is easier to 

integrate into the system.” (LC1) 

 

The fourth subtheme was Symbol and is also related to Technology. Since ProjectA was the 

first, and until recently, the biggest, large-scale solar DH system in France, it signifies a 

“regional pride” (LC2) for the town. Thanks to ProjectA, the town was awarded numerous 

prizes within the fields of innovativeness and sustainability. On top of that, representatives of 

the town were invited numerous times to different conferences to promote solar DH. These 

public actions promote solar DH and the town itself, attracting another kind of tourism. Even 

though it was regarded very positively by Local Authorities, the Operator   had a more negative 

perception in comparison with other renewable technologies: 

 

“People do not care about what is underground. So, authorities do not care about heat 

pumps, or geothermal. They care about something big, what is visible, like solar. In front of 

which they can cut the ribbon and have a fancy picture for the newspapers” (O1) 

 

Next, subtheme Competitiveness refers to the competitiveness of solar thermal within the 

specific case, in general for DH systems and industrial operations, and more generally in 

relation to the energy sector. First, solar collectors were competing for the supplied energy with 

biomass in ProjectA, which could also be tied to a lack of Experience and Design. However, 

the competition between solar and biomass will be further elaborated in the text since it is very 

tightly connected to another theme, Environmental Regulations. The general competitiveness 

between biomass and solar was mentioned, as well yet opinions differed, as exemplified by the 

Design Office and Environmental Agency: 
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“No, I do not think there is a competition between solar and biomass. … It is just common 

sense to look at the specific situation and decide what to use and to what extent.” (DO1) 

 

“… there is this idea that each renewable technology has its share of energy. That is not true. 

Look at biomass and solar. There is a competition, even though one complements the other.” 

(EC2) 

 

Solar thermal was also mentioned in relation to the whole energy industry, implying that since 

thermal does not interfere with nuclear energy, it is not met with any resistance. However, the 

interviewees also touched upon the competitiveness of solar thermal in relation to DH systems 

and industrial operations. It was said that cheap fossil fuels, mainly natural gas, is the main 

competitor for any renewable technology, including solar, which impedes any further adoption.  

 

“Yeah, so, we still have very cheap natural gas, compared to solar… and obviously, this does 

not really help” (O2) 

 

Status quo refers to the perceived resistance to innovate and try something new, something 

different. This resistance towards innovation was identified in several forms. First, it was 

identified as one reason why the Operator was very reluctant to adopt solar thermal during the 

whole project and was shared among all the other stakeholders. However, it should be 

acknowledged that other reasons for this resistance exist and will be presented in Financials 

and Management of District Heating Systems. Next, resistance was also present within the team 

members operating the DH system as fear. Finally, it was also perceived as a general resistance 

towards innovative projects within the whole organisation of the Operator, where the Operator 

expressed it very thoroughly:  

 

“There was a little bit of fear to have this kind of new technology… Teams were afraid to 

tackle the problems of the new technology. But after the first summer, they learnt it and 

actually started liking it. They realised it was just a matter of habit.” (O2) 

 

Lastly, there was a subtheme of Champion. This theme was identified right in the beginning 

since all the stakeholders, without exception, stated that one man mainly pushed the project. At 

the beginning of the analysis, Champion was thought to be a theme itself. Nevertheless, after a 

thorough scrutinization, it was decided to be linked towards the theme Technology, since it 

seemed the technology itself sparked interest in the Champion to push solar thermal and the 

whole ProjectA. One of the stakeholders from Design Offices had an exciting way how to 

describe the prominence of Champion within the case:  

 

“So, there was this guy, let’s call him the solar guy. He just did everything, he supervised the 

studies, he found the money. He was managing everything” (DO2) 

 

4.3. Environmental Regulations 
The following theme refers to legislative actions, directives that were mentioned and influence 

the adoption of renewable technologies in general or into DH systems, including solar. It 

encompasses three subthemes, Carbon Tax, Subsidies, and Reduced VAT, and all of them also 

connect to the subtheme Competitiveness and theme Financials, which will be discussed later 

in the text. 

 

Carbon tax was mentioned several times when asked about supporting schemes. It was said 

that the carbon tax in France was the most efficient tool how to target the adoption of RETs, in 
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general, since it directly influences the price of fossil fuels. Consequently, this would enable to 

directly target previously mentioned natural gas, making solar thermal much more competitive 

and feasible for adoption, which the Environmental Agency expressed briefly, but right to the 

point:  

 

“Nothing but carbon tax can help it” (EC2) 

 

Subsidies were mentioned as one of the enablers for the ProjectA to take place initially, but they 

were also mentioned in parallel with the carbon tax as a tool to incentivize the adoption. 

However, the latter differed, as some perceived Subsidies helpful, whereas others were not as 

efficient.  

 

“Even though when the subsidies were taken into consideration, it was still very expensive” 

(EA2)  

 

Reduced VAT is an instrument used in France, incentivizing more renewable resources in the 

energy mix of a particular DH system. It was explained that if 50% and more of the supplied 

heat comes from renewable resources, the DH system is eligible to reduce the invoiced VAT 

from 20% to 5,5%, decreasing the final price of heating for consumers. In ProjectA, this 

instrument was present, but not positively. It was said that once the solar field was integrated 

into the DH system, it started to supply more heat than anticipated, and the biomass boiler had 

to be turned off. At first glance, this could be regarded as positive. Nonetheless, solar is usually 

supplemented by natural gas. Therefore, the turned-off biomass reduced the share of 

renewables, and injected gas increased the share of fossil fuels, which eventually resulted in 

less than 50% of renewable resources being ineligible to apply the Reduced VAT instrument. 

This was solved by mounting the cooling fans, dissipating the generated heat, which was 

mentioned in the previous section in quotes referring to Design. This subtheme is a perfect 

example of several themes being interlinked together, since both Technology, in the form of 

Design and Experience, and Financials come into play here. The Operator very elegantly 

explained the complex interconnectedness of the theme: 

 

“Operation field mission is to ensure that your biomass boiler works well and working during 

the times it was planned, so the economic mechanism of tax, thanks to using 50% of 

renewable can be reached. And if biomass is shut down during summer, what happens. It 

creates a strange result. You have lower use of renewable technologies, because you 

supplement solar with gas boilers. And because of this, you cannot use the lower tax 

incentive” (O2) 

 

4.4. Management of District Heating Systems 
The theme Management of District Heating Systems had two subthemes – Legal framework 

and Involvement. The former was more prevalent than the latter. Legal framework under which 

DH systems are operated in France deserves its place, which is proved by the quote from the 

Environmental Agency: 

 

“We need to get a new legal background to develop district heating systems in terms of 

renewable technologies” (EA2) 

 

First, the most common approach to how DH systems are operated in France was explained. 

Generally, DH systems are delegated to third parties, which operate them under a DSP 

(Délégation de Service Public) contract. Two alternatives are possible, depending on who 
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invests. In DSP-Concession, the local authority delegates the operation and investment into the 

third party and is the most common approach. In DSP-Affermage, the local authority invests in 

technologies on its own yet delegates the third party to operate it, which is not expected due to 

limited budgets and high costs of these kinds of projects. In both cases, the local authority is 

the owner of the whole system, wherein the former waits until the third party amortizes the 

investment, whereas, in the latter, it is automatic since it invests into it. As the adoption of solar 

thermal was integrated into an already existing DH system, which had been under a DSP-

Concession contract, this is believed to have created several problems. First, the Operator 

designed the whole DH system to run for almost 20 years without the solar field. It was 

mentioned that all the technological calculations upon which the subsequent investment was 

based were planned for an extensive amount of time, and any changes are perceived as taking 

additional risks. Next, the aforementioned contracts are made in a way, which does not permit 

much flexibility. Therefore, integrating any changes is perceived to be very hard. Because of 

these, the Operator could have seemed resistant towards the innovation when solar was pushed 

and refused to adopt it straightforwardly. Consequently, the city decided to invest on its own, 

with the help of the Environmental Agency, which to some stakeholders seemed like the proof 

that “the whole situation was really messed up” DO2, and to some extent imposed the operation 

of the solar field on the Operator under a DSP-Affermage contract. On top of that, one of the 

Design Offices was there not only for technical calculations but as well as to make sure that 

integrating solar into the already existing DH system would not result in any contractual issues, 

as the Design Office put it:  

 

“We were there to confirm the 900 MWh per year calculation… But, one of the main things 

what we were doing were questions about the contract how the district heating will be 

managed” (DO3) 

 

The second subtheme, Involvement, was related to the unwillingness of the Operator to 

implement solar field into the DH system. A justification for why not to implement solar is 

provided in the next theme, Financials. However, several stakeholders referred to the 

Operator’s low involvement in a negative connotation. Local Authorities put it very 

straightforwardly: 

 

“When we approached them with this, they were not as enthusiastic as us… They were present 

in the project only to the extent required by law. Not more!” (LC1) 

 

4.5. Financials 
Financials theme was left in the results to present as the last one since it is interconnected to a 

more or less extent with everything. As LC2 put it, “The ProjectA was more about finding an 

economic balance than dealing with technicalities.” The interconnectedness of this theme with 

other themes and subthemes was so prevalent that it enabled to draw a firm enough line within 

two Financials subthemes – CAPEX and Siting. Instead, the aim in this section is to manifest 

how this interconnectedness influences the final price of heating, which “At the end, it is why 

you invest and do these kind of projects” (EA1). 

 

CAPEX was meant the amount of money needed to invest in the solar field. This subtheme is 

also closely linked to the Legal framework and Competitiveness subthemes. Since DSP 

contracts are public, it was explained that it forces the operators to reveal information about 

costs, which is considered “very strategic information” (O1). To deal with this inconvenience, 

local authorities charge operators for the hourly service instead of kWh generated. This is very 

convenient for technologies like boilers, including biomass, where the initial costs are 
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significantly lower than solar thermal, and the service is much more frequent. To summarize 

this business logic, the idea is to have zero or negative margin on the initial investment to win 

the call for tender and subsequently regain the losses on the hourly service. The Operator 

explained how the Management of DH systems in France does not fit for renewable 

technologies while referring to financial aspects: 

 

“It worked perfectly with fossil fuels, or biomass. You charge communities for the service and 

the fuel. There is almost zero service on solar, and tell me, what is the cost of fuel for solar. 

Zero, exactly. So the place where you should gain money, you lose. And on the place where 

you should lose money, you lose even more” (O2) 

 

Next, the CAPEX subtheme was also mentioned in relation to Subsidies, as not being the ideal 

instrument to promote the adoption of solar thermal. The Operator described how renewable 

technologies, being high in CAPEX, require different financial support than direct subsidies: 

 

“The project was subsidized directly, which is not optimal for solar thermal. For Capex 

intensive energy, you're looking for risk reduction, like a feed-in tariff. Because reducing the 

discount rate of your investment has the same effect on the levelized cost of energy as 

reducing the amount of capital you need and does not bear the same cost for public finance, 

which is highly limited” (O1) 

 

Siting was another identified subtheme. It is almost like a non-identical twin of Symbol, only 

regarded from a financial perspective. It was mentioned that large-scale solar thermal takes 

much space, which is a.) very hard to find in big cities, making smaller cities more attractive 

for solar, and b.) this characteristic substantially increases the final price for the consumer due 

to the price per meter square, again reinforcing the previous point (as the price per meter square 

in urban areas is much higher).  

 

“It requires a lot of space… This is not very feasible in big towns” (EA2) 
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4.6. Thematic Map 
The thematic map was elaborated based upon identified themes and subthemes. The dark blue 

bigger circles are the main themes. Red straight lines are direct links between themes and 

subthemes. Dotted grey curved lines indicate interconnectedness among themes and 

subthemes described in the previous chapters.  

 

 

Figure 7 - Thematic Map 
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4.7. Barriers and Drivers 
From the identified themes and subthemes, barriers and drivers were elaborated. As can be seen, some subthemes, like Experience, Competitiveness, 

or Environmental Regulations, occupy both categories. Table 6 presents an overview of barriers and drivers with its respective quotes. In the next 

chapter, these influencing factors are discussed. 

 

Barriers Quote Respondent 

High Temperature Levels 

“… we were able to put solar, because we 

reached lower temperatures on the district 

heating network, as the substation of the 

hospital was reworked” 

O1 

Lack of Experience 

“Either there were people who knew solar, and 

nothing about district heating, or there were 

people who knew district heating, but nothing 

about solar” 

EC1 

Low involvement 

“Looking back at it, the Operator cannot say 

that they were leading the whole project, to put 

it nicely.” 

DO1 

Cheap fuels 
“… Another thing which harms solar is the 

price of fuels… It’s too low.” 

EA1 

Status quo 

“… did not want to take the risk. There is this 

stiffness and unwillingness to innovate. You 

know, no innovation means no problems.” 

DO1 

Inappropriate environmental policies 

“After having integrated solar, the amount of 

renewables decreased… This instrument did 

not help. Instead, it made the situation worse.” 

EC1 

High up-front costs 

“One of the disadvantages of solar is that it is 

very capitalistic… It means, it costs very 

much.” 

LC1 

Table 6 - Barriers and drivers 
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Barriers Quote Respondent 

Size 

“These projects are impossible in big towns, 

where there is no space to install it. Also, the 

meter square costs too much.” 

DO2 

Ex-post integration 

“I believe that one of the main problems was 

integrating solar thermal after the district 

heating was built. This ‘marriage’ of 

contracts… Where DSP-Affermage was stuck 

into DSP-Concession was not a happy ending.” 

EA2 

Rigid legal framework 

“… And it was not technical issues. It basically 

took like several years just to make the contract 

and know who gets what.” 

EC1 

Drivers Quote Respondent 

Previous Experience 

“They also had some previous experience with 

wind parks, and… and the biomass, so. This 

certainly helped.” 

EA2 

Symbolic Meaning 

“The help was not only financial, but we also 

used this project to promote solar district 

heating and the town. We wanted to get as 

many people as possible to see the project.” 

EA1 

No interference with the nuclear industry 

“So, there was a lot of involvement of the 

federal government to promote it in the heating. 

Because you don’t want to the electricity, 

because you don’t want to get trouble with the 

nuclear industry.” 

DO2 

Champion 

“First of all, it needs to be said that the project 

was the project of one man. One man only. 

Without him, it would not have happened.” 

LC2 

Table 6 - Continued 
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Drivers Quote Respondent 

Carbon tax 

When looking at solar, I believe carbon tax 

would be the best… You have to target the 

sources to make solar competitive.” 

LC1 

Subsidies 

“The subsidies covered 70% of the investment, 

and it has a payback period of around 10 years. 

Imagine what would happen without 

subsidies… It wouldn’t have happened” 

LC2 

Environmental Awareness 
“There are several mechanisms in France to 

push renewable technologies in general.” 

DO3 

 

Table 6 - Continued 
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5. Discussion 
The developed barriers and drivers, as the influencing factors, from the previous chapter are 

juxtaposed with the reviewed literature. The discussion is led by the RQ and finishes with a 

summary of the main contributions and implications.  

RQ: What are the influencing factors for the adoption of solar thermal into district heating 

systems?  

 

5.1. Barriers and drivers for adoption of solar thermal into DH 
When looking back at the literature, temperature levels were the most prominent factor 

influencing the integration of renewable technologies in general and solar thermal into DH 

systems. Some authors, like Volkova et al. (2018), argue that high-temperature levels, and 

especially high return temperatures, are the main barriers to integrate renewable technologies 

into DH systems. In the same logic, Averfalk and Werner (2020) claim that temperature levels 

are central economic aspects that should be focused on in the future; and Perez-Mora et al. 

(2018) state that “a key role for the successful integration of solar heat with DH is played by 

the DH temperatures” (pp. 1421). Tschopp et al. (2020) state that one factor for Denmark to be 

in the leading position within SDH systems is low-temperature levels. This perfectly resonates 

with the studied case, since temperature levels were identified as a subtheme, within which it 

was found that one of the reasons why the adoption of solar was possible was the achieved 

lowered temperatures on the renewed part of the DH system. On top of that, the renewed part 

concerned return pipes, to which the solar field was connected, again referring to Volkova et 

al. (2018).  

 

Along with the temperature levels goes the chosen technology, as different types of solar 

collectors differ within the efficiency depending on the operating temperatures (Tian, 2018). 

Since the adopted solar technology in the ProjectA were flat-plate collectors, Tian (2018) warns 

that one of the disadvantages of FPCs can be overheating due to the inability to defocus 

collectors from the sun when generated heat exceeds the heat demand. The studied case solved 

this by the short-term storage. Although Tian (2018) confirms the short-term storage can be a 

solution, he also adds that it can significantly drive up the final costs while not gaining as much 

efficiency proportionally. The literature, however, provides another possible solution, which 

could have been adopted instead in ProjectA. Evangelisti et al. (2019) suggest using parabolic 

trough collectors in DH systems where temperature levels are high. First, PTCs are known to 

be more efficient than FPCs in higher temperatures (ibid). Second, PTCs enable to defocus 

solar collectors, making them more flexible and much less prone to overheating, where short-

term storages could be neglected (ibid).  

 

Montalvo (2008) claims that multiple barriers/ challenges hampering the adoption and diffusion 

of RETs are usually present in an intertwined form. The studied case perfectly reflects this 

notion. Lack of experience was identified as one of the barriers within the ProjectA. One can 

argue that this is intrinsically embedded since it was the first large-scale SDH in France, yet it 

cannot be perceived as a radical innovation in the sense that it would be a breakthrough idea 

(Christensen and Overdorf, 2000). A subtheme Design was identified during interviews and 

was related to all sorts of technological insufficiencies stemming from the aforementioned lack 

of experience. Next, ex-post integration of solar thermal into an already existing DH system 

was another identified barrier, which seemed tightly connected to how the solar field had been 

designed and the barrier of the rigid legal framework. This bundle of four aspects – lack of 
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experience, Design, ex-post integration, and a rigid legal framework – is discussed in 

conjunction.  

 

The literature points at the importance of experience needed for the successful adoption of solar 

thermal within DH. Tian et al. (2019) put that as one of the main factors behind the apparent 

success of SDH in Denmark, as it enables to have a professional approach towards the design 

and subsequent operation of SDH systems. In terms of legal frameworks, Volkova et al. (2018) 

claim that the large-scale characteristic of DH systems construes the ability to make swift 

changes in DH systems. Nevertheless, Lund et al. (2018) argue that in order to overcome this 

challenge, new legal frameworks are needed. Tschopp et al. (2020) highlight this aspect by 

concluding that appropriate legal frameworks are decisive factors for SDH leading countries 

where DH companies take risks, implying greater freedom for the third parties. The legal 

framework within the studied case cannot be perceived as facilitating the integration of solar 

thermal, as some participants referred to the difficulty and extended longevity of finding the 

correct contractual terms.  

 

The DSP contracts, where the third party is delegated to operate DH systems, created an 

interesting situation within the studied case. The Local Authorities had the power to impose the 

decision to adopt solar thermal on the Operator indirectly, as it is recommended to stay within 

a positive relationship. Therefore, from the city's perspective, solar thermal can be regarded as 

product innovation since it was an output introduced for the customer’s benefit (Gopalakrishnan 

and Damanpour, 1997). From the Operator’s perspective, on the other hand, it had 

characteristics of process innovation. That is because the adoption brought new operations, 

knowledge, and elements to the Operator (Knight, 1967). However, since the Local Authorities 

had the opportunity to impose the adoption of solar thermal, it can be argued that the presence 

of a champion driving the whole project was solicited by its characteristics, mainly the job role. 

A champion is a fundamental concept within the adoption literature, as it plays a vital role in 

facilitating the acceptance and overcoming of the barriers of innovations (Dedehayir, Mäkinen 

and Roland Ortt, 2018). A champion concept has been given different names over the years, 

i.e., change agent, purveyor, or linking agent (Fixsen et al., 2005). If the champion within the 

ProjectA had had a different job role, it would not have had an imposing power, and therefore 

the adoption may not have occurred in the first place. One of the most interesting findings of 

this study was the barrier of ex-post integration, as it was not identified within the reviewed 

literature. Lack of experience and Design, from one side, and rigidity of a legal framework from 

the other, caused the ex-post integration to be notably dominant within the ProjectA, as it was 

very challenging to integrate solar thermal into an already existing DH system.  

 

Both Rogers (1983) and Wejnert (2002) refer to financial aspects of innovations, as well as 

scholars within the RETs diffusion literature, like Gupta and Barua (2018), Mignon and Bergek 

(2016), or Reddy and Painuly (2004). The ProjectA’s initial aim was to adopt solar thermal to 

decrease the final price of heat. The final price of heat can be influenced by many factors, as 

seen from the results. First, there are high up-front costs of solar collectors, which has been 

recognised by many authors (Urbaneck et al., 2015; Soloha, Pakere and Blumberga, 2017; 

Perez-Mora et al., 2018; Welsch et al., 2018; Tschopp et al., 2020). That is proven by the fact 

that the Environmental Agency covered 70% of ProjectA’s costs. Next, as the discussion during 

interviews moved around CAPEX and OPEX, these concepts and how they influence the final 

price of heat, are presented. Briefly put, CAPEX are money spent on acquiring new assets, or 

facilities, including both tangible and intangible costs (Farrer, 2018). OPEX on the other hand, 

are costs related to ‘day-to-day’ activities, such as salaries, maintenance costs etc. (ibid). Solar 

energy is known for having high CAPEX, and much lower OPEX (Vartiainen et al., 2020). 
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Accordingly, not only costs for physical solar collectors are included, but as well as the costs 

for land. Since solar thermal, and especially large-scale solar thermal requires a lot of land, it 

is considered as one of the most impactful aspects on the financial performance (Renaldi and 

Friedrich, 2019). Consequently, cheap land has been recognised as another factor for successful 

adoption of solar thermal into DH systems (Tschopp et al., 2020). The ProjectA, did achieve 

the economical relative advantage which it had initially aimed at, but only with a help of CHP 

facility, which also served as means of financing the solar field. The final price of heat can be 

as well impacted by different governmental policies. 

 

Environmental policies are issued by the government at different levels to promote the 

reduction of carbon emissions and protecting the environment (Zhang et al., 2020). Their 

importance for the diffusion and adoption of RETs has been recognised by several authors (van 

Leeuwen and Mohnen, 2017; Huang, Liao and Li, 2019). These policies can be divided into 

two types of regulations – command-control and market-incentive regulations (Bergek and 

Berggren, 2014). The representative forms of the former and the latter can be carbon taxes and 

subsidies, respectively. Although Reddy and Painuly (2004) suggest that governmental actions 

are needed to make renewable technologies favourable, it should not be forgotten that not all 

actions result in positive effects globally, as it is argued, there is “no one best way, no one best 

instrument” (Bergek and Berggren, 2014, pp. 120) to ensure the innovation’s adoption. Woerter 

et al. (2017), in their study on the role of policies in different countries, confirms the before 

mentioned claim.  

 

The results of the studied case revealed that environmental policies were country-specific and 

could not be generalized. On the one hand, subsidies were the strongest among the 

environmental policies in the case. Few studies follow the same logic, where Ziemele et al. 

(2016b) see subsidies as favourable for the adoption of solar thermal, Carotenuto et al. (2017) 

as well claims that capital investment incentives can make large-scale solar thermal projects 

interesting. On the other hand, Tschopp et al. (2020) argue that market-based incentives are 

more efficient in adopting SDH. This does not correlate with the studied case since the Reduced 

VAT instrument, which can be regarded as a market-based incentive, did more harm to the 

adoption of solar than good. Therefore, as Gupta and Barua (2018) suggest, effective policies 

need to be designed. Tschopp et al. (2020) affirm that heat tariffs have the most significant 

impact on the net present value of solar thermal projects, which some participants perceived as 

more efficient than direct subsidies.  

 

The low prices of other sources, including biomass, within the studied case were identified as 

barriers. Le Truong and Gustavsson (2014) and Tian et al. (2019) relate only to the prices of 

fossil fuels, which can impede further adoption of solar and renewable technologies in general. 

Winterscheid et al. (2017) concluded that integrating solar thermal into DH system that uses 

CHP based on fossil fuels is beneficial since it reduces this share. Nevertheless, the CHP facility 

in the studied case was built to decrease the final price of heat. Next, Le Truong and Gustavsson 

(2014) found that when adopting solar, the share of biomass can be reduced, which is regarded 

positively. The author found the opposite within the studied case, and that is, the reduction of 

biomass share was perceived negatively, as it increased the final price of heat due to the 

environmental policy.  

 

Rogers’ (1983) complexity attribute was present to a great extent, being the foundation of two 

barriers, stemming from the reluctance of the Operator to integrate solar thermal into the DH 

system– status quo and low involvement. The notion of status quo, something known, tried out, 

and something that works, has been known to hamper adoption and diffusion for a long time 
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(Gopalakrishnan and Damanpour, 1997). Since ProjectA was the first large-scale solar thermal 

DH system in France, it seemed too complex to operate for the Operator, due to which low 

involvement occurred. In the same logic, this can be related to Wejnert’s (2002) familiarity 

with the innovation or Venkatesh’s et al. (2003) effort expectancy. The operating team initially 

thought that operating solar thermal would be more complex. Eventually, the complexity issue 

was reversed as it was realised to require much less effort for the operation than other 

technologies once undergone the learning process. The general reluctance towards solar thermal 

within DH in France might have been preserved, as the current amount of SDH systems is still 

lower than in other prominent countries (Le Denn et al., 2014). In the same logic, two drivers 

– previous experience and environmental awareness – are bundled together and were based on 

Wejnert’s (2002) societal culture. The ProjectA was driven by the present environmental 

awareness among the stakeholders, either in the form of previous experience with different eco-

projects or environmental policies, like subsidies covering 70% of the costs. Although symbolic 

meaning relates to the values held by different stakeholders, Rogers’ (1983) aspect of 

observability was more prevalent for this driver.  

 

Lastly, one can ask if the studied case provided enough evidence to consider the innovation an 

environmental innovation. According to Clausen's and Fichter's (2019) definition, the adopted 

technology does reduce the environmental impact and achieve more efficient and responsible 

use of natural resources, in general, compared to other alternatives, like natural gas or even 

biomass (Soloha, Pakere and Blumberga, 2017). Nevertheless, Halila (2007) argues that 

environmental innovations should be labelled according to their effects rather than their 

intentions. The ProjectA provided findings where solar adoption eventually decreased the 

overall use of renewable technologies within the DH due to increased gas usage while the 

biomass boiler was turned off. Based on this, solar thermal in ProjectA cannot be considered as 

an environmental innovation. This should be firmly considered when attempting to reach 

sustainable development goal No. 7 – to substantially increase the share of renewables in the 

energy mix – as it implies that linear addition of RETs does not necessarily result in higher 

shares of renewable sources. On the other hand, as the literature also points out, the cause may 

lie in the categorization of biomass into pure renewables and its incentivization (Averfalk and 

Werner, 2020), which could have made a difference in ProjectA. Within the studied case, 

biomass was relatively cheap, readily available, and classified as a renewable source. This 

combination incentivizes operators of DH systems to prioritize biomass as it efficiently 

increases the share of renewables, making the operator eligible for the VAT reduction.  

 

To summarise, the main contribution of this study is investigating the space that diffusion 

researchers primarily neglect – slow adoption of innovations; and questioning the 

environmental innovation aspect. Some of the identified influencing factors for the adoption of 

solar thermal into DH systems were confirmed by the existing literature, i.e., high-temperature 

levels, lack of experience, high up-front costs etc. This study extends the barrier of cheap fossil 

fuels by including biomass as the potential competitor for taking a share of heat from solar. 

Also, it adds a barrier of ex-post integration into the research, as it was not identified within the 

reviewed literature. However, it needs to be acknowledged that this barrier was a result of 

several present barriers. Next, solar thermal was referred to as not interfering with the nuclear 

industry, which can be another factor not to drive directly, but at least not hampering the 

adoption compared to PV. Although one can argue that it is due to contextual characteristics of 

France, it might be possible to extend on a more general level, providing a new avenue for 

future research. New findings could be identified, as well, confirming that studying slow 

adoption cases is beneficial. The most significant contribution of this study is the open question 

of whether solar thermal can be regarded as an environmental/ eco-/ sustainable innovation, 
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providing another path for further research to be done. This question stems from the studied 

case, where after having adopted solar thermal, the overall share of renewable sources 

decreased. Accordingly, it was concluded that solar thermal could not be considered an 

environmental innovation, which can have severe implications for achieving sustainable 

development goals.  

 

Most of the identified factors enable to draw implications, mainly within the French context. 

First, lowering high-temperature levels should be the primary focus for future investments in 

the French DH market to integrate more RETs, including solar thermal. More SDH projects 

must be undertaken in France to offset the experience/knowledge gap. The involvement of all 

stakeholders must be ensured during the whole project, and this aspect can be extended on a 

general level. Managers must highlight the fast-learning process of operating solar thermal to 

mitigate the reluctance of operating teams. This aspect can be extended on a general level, as 

well. In France, targeted policies are needed to efficiently tackle universal environmental 

policies resulting in prioritising one renewable source over others. French legal frameworks 

should be revised to be more favourable towards integrating RETs into DH systems. One of the 

most important implications for adopting solar thermal into DH systems, and potentially RETs, 

is to consider the integration from the global perspective of the whole DH system.  
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6. Conclusion 
This study aimed to investigate influencing factors, which drive or hamper the slow adoption 

of solar thermal within DH systems in a context with low adoption. To do so, the author chose 

a particular case to study, called ProjectA. The case study was the first large-scale adoption of 

solar thermal technology into the French DH system. The study is of a qualitative character 

with an inductive approach and therefore uses interviews as the primary source of information. 

Thematic analysis was used to analyse the acquired data from the interviews. The research 

question driving this study was: “What are the influencing factors for the slow adoption of solar 

thermal into district heating systems?”.  

 

This study confirmed that lowering temperature levels enables integrating more RETs, 

including solar, into DH systems. It also confirmed that the reluctance towards something new, 

unknown, and untried could be a barrier to tackle. The study confirmed that rigidity of a legal 

framework and lack of experience could be potential barriers. It was also found that these can 

create another barrier – ex-post integration, which strongly implies considering the whole DH 

system when integrating new energy sources. On the other hand, indirect experience from other 

eco-projects and general environmental awareness of related issues can give an initial push to 

the adoption of solar thermal. The study found that the involvement of all stakeholders is 

necessary. Next, the study confirmed that universal environmental policies could work as both 

drivers, like subsidies tackling high up-front costs, and barriers, like the instrument 

incentivising the use of biomass instead of solar. It was also found that biomass is also 

incentivised due to its characteristic of being a cheap and available renewable source, resulting 

in biomass being included within sources competitive to solar.  

 

Furthermore, the results confirmed that the size of a solar field could be a barrier to overcome. 

Nevertheless, it was also found that the same characteristic can be perceived positively – as a 

symbolic meaning driving the adoption. Interestingly, since solar thermal does not interfere 

with the nuclear industry, it was an indirect driver to adopt solar thermal into DH systems. 

Lastly, it was found that the adoption of solar thermal within the studied case would not have 

occurred without a champion. However, as tackled in the discussion, the champion's job’s role 

should be considered, as it facilitated the adoption. To summarise, ten barriers – high-

temperature levels, lack of experience, low involvement, cheap fuels, status quo, inappropriate 

environmental policies, high up-front costs, size, ex-post integration and rigid legal framework 

– and six drivers – previous experience, symbolic meaning, no interference with the nuclear 

industry, champion, carbon tax, subsidies, and environmental awareness – were identified 

within the studied case. This proves that the venue of slow adoption is of beneficial character. 

The discussion also revealed that the adoption of solar thermal could not be defined as an 

environmental innovation because of the arisen effects – lowering the overall share of 

renewable sources within the studied DH system. This must be considered in the endeavour of 

achieving sustainable development goal No. 7, which is to substantially increase the share of 

renewable energy in the global energy mix.  

 

This study contains several limitations. Since the study is qualitative, the identified factors’ 

significance cannot be determined. Even though some themes seemed more prevalent than 

others, it cannot be concluded which were more important than the others. Next, the study 

focused on the geographical location and a specific case study. Therefore, extensions on more 

general levels can be tricky, and the identified influencing factors should not be regarded as 

exhaustive. It should also be acknowledged that the interviews were conducted in languages 
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that neither was the researcher's mother tongue, yet the author possessed a profound knowledge 

of both. This, in combination with the researcher’s values, could result in misinterpretations of 

the findings. 

 

Future research should focus on the aspects raised above. First, another qualitative study within 

different contextual characteristics, where the adoption of solar thermal is slow, should be 

conducted to confirm and complement the identified factors. Characteristics, such as 

geographical location, amount of case studies, involved stakeholder groups should be focused 

on in the future. Furthermore, future quantitative studies should focus on determining the 

significance of different factors, showcasing the importance hierarchy of each factor. Two more 

venues for future research were discovered during the discussion. It can be researched to what 

extent other energy sectors’ influence on the adoption of solar thermal can be extended. Next, 

future research should focus on assessing more profoundly the influence of biomass as a 

renewable source on the integration of solar thermal. Lastly, the categorisation of biomass 

among other ‘pure’ renewable sources should be thoroughly scrutinised.  
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Appendices 
Appendix A – Interview Guide 

Introducing questions 

• Name 

• Job/ company description 

• Relation to the case – from both personal and company’s perspective 

Description of the case – initiation, management and finishing 

• How was it initiated/ managed and finished? 

• What actors/ stakeholders were present? 

• What technologies were used in the case? 

• How was the decision, about what RETs to use, taken? 

• What key aspects were considered? 

• Why was solar thermal chosen? What drove it? 

• How was it perceived by the management of your company? 

• Were there any challenges to tackle during the project? If so, what and how were they 

handled? 

• Were any supporting factors present? If so, which and in what form? 

• What are the lessons learnt from this project? 

• Has your opinion on solar energy changed (in what way?) 

• What are the most important factors to consider while implementing solar energy? 

• Are there any other aspects, which you believe should be mentioned in regard to this 

project?  

• Is there someone that I should talk to who has insights to this project? 


