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Abstract

:

With regard to residential energy use in the European Union (EU), most studies consider potential adopters of the technology (e.g., private owners) as being the sole decision-makers in the technology selection. However, during an integrated decision-making process (e.g., a construction project) multiple stakeholders will interact, influencing each other’s judgement, thereby making it difficult to discern who is affecting the final decision, and to what extent. The goal of this study is to outline the full network of stakeholders involved in the decision-making process, along with their degree of power and interaction in the technology choice. For this purpose, empirical evidence from a multi-country survey is examined using social network analysis (SNA). The information is compared across building typologies, project types and countries (i.e., Italy, Spain, Germany, Poland, the United Kingdom, France, Belgium and the Netherlands). The results demonstrate that, in EU residential buildings, potential adopters of the technology are not the only stakeholders involved in the technology selection. They are in all instances in communication with multiple stakeholders, some of whom also hold a high level of power in the decision (i.e., key persuaders). Furthermore, their level of power and communication varies substantially across building typologies, project types and countries.
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1. Introduction


In Europe, about 35% of the building stock is over 50 years old and more than 75% is considered to be energy inefficient [1]. In view of this situation, the EU decided to upgrade the energy performance of the building stock and has appointed two main decrees to support this task: (1) the Energy Efficiency Directive (EED) (2012/27/EU), and (2) the Energy Performance of Buildings Directive (EPBD) (revised 2018/844/EU) [2,3]. Among its requirements, the revised EPBD demands all buildings—including residential buildings—to be nearly zero-energy (nZEB) by 2050.



Technology options to decrease a building’s energy demands to nZEB standards are readily available and often economically viable. The promising performance and economic potential of these technologies has also been acknowledged in residential buildings at an EU level [4,5,6]. The study developed by (Hermelink et al.) showed that, in various cases, and depending on the exact national nearly zero-energy building definition, nZEBs are beyond cost optimality. Nevertheless, these are not being deployed at the rate required to meet the EU’s greenhouse gas emission (GHG) reduction targets. Annual new construction rates in the residential sector are still around 1%. Furthermore, most EU Member States have suffered a decrease in the rate of new-builds in recent years [7]. In terms of retrofit activities, an average of 0.4%–1.2% of the EU residential building stock is renovated each year [8], out of which less than 5% is reaching nZEB standards [9]. The divergence between the technoeconomic potential and actual market behaviour, the so-called ‘energy efficiency gap’, implies that market hurdles are preventing the large-scale diffusion of these solutions [10]. It also suggests that, in the European housing context, the economic viability of energy efficiency technologies—specifically, the cost of potential energy savings (commonly considered to be the only financial benefit)—is not sufficiently acknowledged or appealing to motivate the necessary investments [11].



In order to bridge the energy efficiency gap, market barriers need to be addressed. Barriers vary considerably depending on location, building type, culture and stakeholder groups, as do the options to overcome them (i.e., policies, programmes and strategies) [12]. An underlying hurdle in the adoption of innovations—common across countries—is derived from the structure of the construction sector itself [13]. In the construction sector, projects are composed of a temporary network of people with contrasting roles and priorities interacting with each other to bring the work forward [14]. These distinct roles and priorities have often been identified as a key barrier in the adoption of energy-efficient (EE) technologies. An example of this is represented by the low interest of some builders to invest in energy-efficient technologies because they will not be the beneficiaries of the energy savings. A first step to address this barrier is to better comprehend the complete network of stakeholders involved in the technology selection, along with their level of power in the decision. Nonetheless, in the EU residential building context, most studies consider the potential technology adopters (i.e., demand-side actors) to be the sole decision-makers of the technology selection, neglecting any other actor from the decision-making process.



Against this background, the goal of this study is to contribute to the understanding of the complete stakeholder network involved in the adoption of energy-saving technologies in EU residential buildings. More specifically, the study aims to better understand: (I) Which stakeholder groups are involved in the technology selection process, (II) what the level of power and communication is for each group involved in the decision, (III) who the key persuaders are for the potential adopters in this process and (IV) how this system varies across EU member states, building typologies and building projects.



In the following section, we synthesise the state of research in this topic (Section 2). We then elaborate on the methods used to map the networks and identify the most important decision-makers and persuaders (Section 3). Results of the network analysis are presented in Section 4. This is followed by discussions and conclusions (Section 5). The paper closes with a presentation of the outlook and potential applications (Section 6).




2. Literature Overview


In scientific terms, the understanding of technology dissemination—along with its attitude-based conditions and dynamics—has typically been addressed by technology diffusion theories. Technology diffusion theories seek to explain how, why and with what gradients and rates new ideas and technologies are spread [15]. It is defined by the process in which an innovation is communicated over time among the participants in a social system.



In this way, given that demand-side actors (i.e., private owners or public and private housing associations) make the adoption-decision, they are central to the diffusion of innovations. This view has been reflected in most of the scientific literature within the European residential context. Using an adopter-centric approach, Mahapatra and Gustavsson analysed the influence of investment subsidies on the conversion of resistance heaters and oil boilers, and the variation in diffusion patterns of district heating, heat pumps and pellet boilers in Swedish detached homes. Similarly, Hecher et al. investigated the triggers behind homeowner decisions to invest in a new heating system in Austria [16]. For their part, Wilson et al. analysed the contrasting perspectives on why homeowners renovate energy-efficiently [17]. Pettifor et al. provided empirical evidence for the influence of energy efficiency policy on homeowners conducting renovations [18]. Banfi et al. studied the willingness to pay for energy-saving measures in residential buildings in Switzerland [19].



However, during an integrated decision-making process—such as a construction project—multiple stakeholders will interact, influencing each other’s judgements. This makes it difficult to distinguish who is really involved in the technology choice and to what extent this determines the final outcome (i.e., adoption or rejection). Furthermore, the individual priorities, objectives and roles of these agents might change from one type of project to another [14,20,21]. As a result of this, when seeking to better understand the decision-making process in the technology selection, it is vital to comprehend the complete stakeholder network, including not only the adopter but also key persuaders (i.e., any stakeholder with whom the adopter is in communication, with the capacity or power to affect or determine their final choice) [13].



In the EU residential sector, several studies exist that map the level of implication of the multiple stakeholders involved in a building decision-making process. An example of this is provided by Li et al., where they developed a systematic approach to identify key stakeholders (including influencers and interests) and key performance indicators for district- and building-energy performance analysis [22]. Similarly, Olander and Landin evaluated the influence of stakeholders in the implementation of construction projects [23] Olander and Landin. In another instance, Berardi developed a semi-structured interview questionnaire, which he conducted to identify stakeholders’ level of influence in two specific case studies for new buildings in Italy [14]. There is another whole body of literature, which studies multiple stakeholders using agent-based modelling (ABM). ABM is a class of computational models for simulating the actions and interactions of autonomous agents (both individual or collective entities, such as organisations or groups). It has often been used as a tool to represent the complexities of energy demand in the building sector, such as those caused by social interactions and spatial constraints [24]. For instance, Stephan et al. used ABM to understand how social network interactions can help stakeholders with different characteristics to prioritise their values on cost awareness, energy saving and organisational performance [25]. Knoeri et al. studied construction stakeholders’ decisions regarding recycled mineral construction materials in Switzerland [26]. Moglia and James applied ABM to a number of scenarios with policies aimed at increasing the adoption of solar hot water systems [27].



However, despite the fact that these studies can reveal the level of power or influence in the decisions, they do not visually represent the interlinkages between the stakeholders and the potential effect on each other’s judgements. To better represent these results in a network structure, social network analysis (SNA) can serve as a useful tool.



Social Network Analysis (SNA) in the Building Sector


Social network analysis (SNA), sometimes also referred to as ‘structural analysis’ [28], is not a formal theory, but rather a broad strategy for investigating and visualising social structures. SNA examines interactions between units in a group through the use of networks and graph theory [29]. Network structures are characterised in terms of nodes (i.e., individual actors, agents, people or things within the network) and the links between the nodes (i.e., ties or edges). SNA has been applied to a multitude of research fields (e.g., aerospace, anthropology and computer science) with the goal of investigating different relationships between organisations and individuals [30,31,32,33]. In this way, SNA has proved to be a powerful tool in order to unravel complex interaction patterns within the network, as is the case for building construction projects.



Few SNA studies have been applied to the building sector. One of the most comprehensive ones is from Zheng et al., which provides a review of the application of SNA in construction project and management research [34]. Likewise, Malisiovas and Song investigate team communication structure optimisation for construction projects through SNA [35]. Also, Yang and Zou utilised SNA to analyse stakeholder-associated risk and interactions in complex green building projects [36]. Similarly, Bale et al. developed social networks for promoting the adoption of energy technologies in the domestic sector for the British city of Leeds [37]. In parallel, Pryke presents an overview of applications, methods and advantages, in which the following benefits of SNA in the context of building construction projects are described [38]:




	
Detailed representation of the construction structure and process of the project: the construction process demands a non-linear and iterative approach (e.g., discrete choice) to an increasingly complex process. Non-network types of analysis generally present the construction process as a linear action with a very low or non-existing level of interaction.



	
Interdependence: the inquiry of social networks allows for the observation of changing project roles regarding specific fundamental groups of activities.



	
Appropriate detail: the analysis of information exchanges related to particular individual decisions, or small groups of decisions, will not offer sufficiently broad data about changes to the duties of the project actors within new procurement routes.



	
Consistency of analysis and representation: the sole use of social network analysis enables a relevant comparison of a wide range of different networks, with quite distinct kinds of relationships.



	
Recognition of non-dyadic, contractual relations: the use of a network approach admits the need for the development of new contractual adjustments that do not rely on dyadic relations.








This synthesis shows the advantages of applying SNA in the building sector. Nonetheless, no study was found that characterises the complete stakeholder network (including key persuaders) in the technology selection and how they differ across building typologies, project types and EU countries.





3. Materials and Methods


The purpose of this paper is to map stakeholders’ levels of power and interaction in the decision-making process leading to the technology selection. Specifically, we conduct a social network analysis (SNA) using the data collected from a multi-country survey. The results have been clustered per building typology and project type across the sampled countries. The remainder of this section describes the survey instrument used for the data collection, as well as the SNA.



3.1. Data Collection: A Multi-Country Online Survey


The data used in the SNA was collected from a multi-country online survey distributed in 2019 across 8 European countries: Italy (IT), Spain (ES), Germany (DE), Poland (PL), the United Kingdom (UK), France (FR), Belgium (BE) and the Netherlands (NL). To enable cross-country comparability of the results, all countries used a common survey instrument translated into the local language and jargon with the support of a market expert team and targeted respondent representatives from each country. The overall sample contains 7231 responses.



Since the population of interest (i.e., residential building projects in the EU) was significantly large and heterogeneous, and because there was a need to represent even small subgroups of the population (e.g., stakeholder groups, comprehensive refurbishment projects, etc.), a stratified sample approach was considered to be the most appropriate [39]. Based on the universe defined for this study, the sample was divided into the following three stratification axes: (I) Stakeholder group, (II) building typology and (III) project type. The complete list of stakeholder groups, building typologies and project types addressed in this study is described in Table 1 and Table 2.



One stratification axis is controlled ex-ante (i.e., stakeholder group) and two are controlled for during the survey or ex-post (i.e., building typology and project type). When the two main building typology groups and project types are combined, the following clusters arise, herein referred to as ‘buckets’:




	
retrofit of single-dwelling buildings



	
retrofit of multi-dwelling buildings



	
comprehensive retrofit of single-dwelling buildings



	
comprehensive retrofit of multi-dwelling buildings



	
new construction of single-dwelling buildings



	
new construction of multi-dwelling buildings








To ensure the analysis of each axis, a minimum quota was assigned to each one (see Appendix A). The minimum quota per country was established in 500 responses, with a correction factor in those countries with a smaller population size (e.g., Belgium). To obtain a well-balanced sample, the distribution of the survey was assigned to a professional company using a consistent methodology across all countries (Hecher et al.). Since the analysis focused on building projects, a subset of the complete database was used. Subsequently, the final sample used for this study consists of 4277 responses, with the following distribution across countries: Italy (n = 722), Spain (n = 511), Germany (n = 526), Poland (n = 545), the United Kingdom (n = 504), France (n = 501), Belgium (n = 463) and the Netherlands (n = 505).



Further information on the survey methodology including access to the complete questionnaire can be found in Appendix A.




3.2. Data Analysis


After collecting all of the responses, data cleaning was performed to remove responses with: (1) any of the SNA questions unanswered, (2) a completion time of less than 8 min (as this has been the minimum tested time for completion of the questionnaire) and (3) inconsistent answers (e.g., selecting different stakeholder groups throughout the interview). By means of this process, responses in each country were screened out—5%–15% depending on the country.



The survey analysis was then organised to investigate four interconnected research questions: (I) Who are the stakeholders involved in the EE technology measures? (II) What is the level of power of each stakeholder in the decision? (III) What is the level of communication/interaction between them? and (IV) How does this vary across the different countries, building typologies and project types? The applied method is described hereafter.




3.3. Social Network Analysis (SNA)


In this study, the stakeholder groups are represented by nodes (i.e., circles), and their role in the building value chain is represented by a given number. In parallel, the power of the stakeholder in the decision is expressed in the graph through the size of the node. The link between the nodes represents the level of communication between them in technology adoption, where the width of the line represents the level or frequency of their communication. In this way, undirected weighted graphs are traced.



Given that the information to feed the analysis was gathered through an online survey (thereby representing a sample of the complete population), the system is categorised as an ego-network on roles.



As in most network graphs, the full information about the network is contained in its list of nodes and relations, rather than in the location of the nodes. The location of the nodes is defined by an algorithm and might therefore change according to the plot used to render it (e.g., random configuration, free-hand grouping, circle configuration, etc.) [41]. In this study, the network was created using the Fruchterman–Reingold algorithm, which is one of the most often used methods, where the sum of the force vectors determines in which direction a node should move. The step width, which is a constant, determines how far a node moves in a single step. When the energy of the system is minimised, the nodes stop moving and the system reaches its equilibrium state (Github). In this context, energy is described as the motion or inertia of a force-directed algorithm, such as Fruchterman–Reingold [42].



3.3.1. Stakeholder Groups are Involved in the Technology Selection


The information to identify their role was collected from the first question in the survey: “Are you working professionally in one of the following company or organisation types?”. Responses from all stakeholder groups were aggregated to ensure a comprehensive understanding of the situation.



In order to identify who were the main stakeholders involved in the decision, the survey respondents were asked: “Who were the most important actors with whom you were in contact for the EE technology selection?”. The selected stakeholders were collected in a complete list of nodes, including egos and alteri. Each node was then weighted based on its level of power in the decision.




3.3.2. Level of Power in the Decisions


The level of power of each agent in the decision was appraised based on an interpretation of the power-interest matrix developed by Johnson et al. [43]. In this matrix, a stakeholder’s power is defined as the ability to influence the project, whereas his/her interest is related to the will to achieve something. Within this study, stakeholders with a high level of interest and influence were considered as powerful (Figure 1), as it was assumed that a high level of influence and interest enabled them to have a strong capability in the technology selection process.



Referring to the actors selected from the previous question (i.e., what stakeholders they had identified as important in the EE technology selection), the information on the level of power was extracted by the survey questions: “What was the level of influence of each actor in the technology selection?” and “What was the level of interest of each actor in the technology selection?”. The answer option was a Likert scale from 0 (None) to 5 (Very high). The weights of the nodes were calculated using a median of the interest for the entire sample, plus the median influence for the entire sample, divided by two, as described in (1). This is calculated for each stakeholder group. The calculated level of power per stakeholder group resulted in the complete list of weighted nodes.


  Power :   P  i  =   i n t e r e s  t i  + i n f l u e n c  e i   2   



(1)








3.3.3. Level of Communication or Interaction between Each Stakeholder in the Decision


According to communication theories, the more often two stakeholders communicate in a particular topic [44], the higher the chance they will influence each other. In this way, in order to identify who were the key stakeholders in the technology selection, the frequency of communication was also analysed, herein referred to as “level of communication”. In the survey, the level of communication between the ego and the alter was then gathered by means of the survey question: “How often were you in contact with each actor in the technology selection?”—again, based on the actors they had selected in the first SNA question. The level of communication among “alteri-alteri” was measured using the question: “How often do you assume the actors communicated with each other for the technology selection?”. In both questions, respondents were provided with a Likert scale from 0 (Never) to 5 (Daily). For all queries, respondents were also granted with the option “I don’t know” and “I had no contact with anyone”.



In a network graph, degree centrality is measured by the total amount of direct links with the other nodes, the fundamental formula CD is Equation (2). To decrease possible size effects, we normalised the degree centrality with the Equation (3), where   x i j     means the number of links directly connected with node N, and n means the total number of the nodes in the focal network.


  Degree :   C D   N i   =   ∑   j = 1  n  X i j         i ≠ j    



(2)






  Degree :   C ′ D   N i   =   ∑   j = 1  n  X i j   /     n − 1     n − 2   ,       i ≠ j    



(3)







Due to the use of the Likert scale in the answer option, the level of communication was calculated by the median of the responses. We calculated the degree for all respondents providing N ego-networks from which we build the union—i.e., all network relations between roles are combined in one graph. Once the list of weighted nodes and edges was created, we plotted the graph with the igraph and ggnet2 in R-Studio libraries [45].




3.3.4. Cross-Country Comparison


The process was repeated for each country, building typology and project type. The statistical representation of the results was ensured based on the survey design, including its sampling and distribution.






4. Results


This section presents the results of applying SNA to the survey datasets across the selected countries. It is divided into two main sections: (I) the country-specific networks, and (II) a cross-country comparison of the results to evaluate how these vary across each region.



4.1. Stakeholder Network per Country


The resulting networks from the application of the SNA are displayed below. The numerical output of the SNA can be found in Appendix B.



The figures should be read in the following way: the circles or nodes represent the different stakeholder groups; and the size of the circle represents the level of power in the decision (i.e., the bigger the circle, the greater the level of power). As previously mentioned, power in this context is defined by the conjunction of interest and influence. The level of communication among the stakeholders is defined by the different lines or edges. The thickness of the line represents the level of communication, from communicating on a regular basis (“Daily”) to a seldom exchange (“1” on the Likert scale). In the event of no communication at all (“Never”), no line is traced. In addition, the more links or lines within a circle, the stronger its standing point is in the communication. The location in the graphs is defined by the Fruchterman–Reingold algorithm, as described in the method section.



The final responses are listed in the tables below, indicating the median value of the level of importance of each stakeholder group in the decision leading to the selection of the technology. For both the level of power (size of the circles) and the level of communication, the median value in the total responses was categorised into six main groups:




	
No power or communication (0 in the Likert scale)



	
Very low level of power or communication (1 in the Likert scale)



	
Low level of power or communication (2 in the Likert scale)



	
Medium level of power or communication (3 in the Likert scale)



	
High level of power or communication (4 in the Likert scale)



	
Very high level of power or communication (5 in the Likert scale)








The legend for the stakeholder group reference in the network is provided in Table 3 below.



4.1.1. Italy


For retrofit projects in single-dwelling buildings (SDBs), the most powerful actors in the technology selection are the demand-side actors and the engineers (Table 4). The stakeholders with the highest level of communication (in terms of number and intensity) are also demand-side actors, this time with architects, engineers and the construction company. Material or technology traders, banks/other financial service companies and consultants have the lowest level of communication with other stakeholders, along with facility managers (administrative), who only communicate with the demand-side actors. For multi-dwelling buildings (MDBs), the results show a rare case in which the level of power is the same for all stakeholders, all of whom having a strong influence in the decision. In terms of communication, demand-side actors, engineers and construction companies have the highest level.



For comprehensive retrofit projects in SDBs, demand-side actors and banks and other financial service companies are perceived to have the highest level of power. In terms of information exchange, demand-side actors, installers, architects and construction companies have the strongest and highest number of exchanges. The energy suppliers, on the other hand, only communicate with the demand-side actors. For MDBs, demand-side actors and construction companies have the strongest power in the decision-making process (with 5). The remaining stakeholders all share the same level of power (with 4). In terms of the communication, demand-side actors and installers have the highest level. The remaining stakeholders also have a high level of power (all with 5). The stakeholder with the lowest level of communication is the public authority, which only communicates with the construction company.



For new construction projects in SDBs, the demand-side actors and the architects have the highest level of control in the technology selection process (both with 6). These are followed by the engineers, the installers, the facility managers (both technical and administrative) and the consultants. In terms of communications and exchange, the demand-side actors again have the highest number and frequency, exchanging with 11 stakeholders. Construction companies are the other most communicative actor in this process, with 10 linkages to other agents. On the other hand, for MDBs, demand-side actors and facility managers (administrative) have the highest level of power (with 5), followed by the remaining stakeholders (with 4). Construction companies have the highest level of communication (10 links), followed by the demand-side actors (9 links).



In Italy, the demand-side actors are considered to be particularly important stakeholders, as they have a leading position in terms of both power and communication in nearly all building and project types. In addition, more stakeholders and streams of communication are involved in new constructions than in retrofit projects.




4.1.2. Spain


In the case of retrofit projects in SDBs, the most powerful actors in the technology selection are the demand-side actors, the engineers and the technology or material suppliers (all with 6) (Table 5). In terms of level of communication, it is again the demand-side actors who have the highest number and frequency of connections (10), followed by the architects, installers and engineers (with 9 links). For MDBs, demand-side actors have the highest level of power in the process, along with public authorities (both with 6). In terms of communication, demand-side actors again have the highest level, followed by the architects (with 8).



For comprehensive retrofit projects in SDBs, the highest level of power goes to the demand-side actors, the architects, engineers and the consultants (all with 6). In terms of communication, demand-side actors have the highest number of communications, followed by architects and construction companies (8 links). For MDBs, as with SDBs, the engineers, architects and the demand-side actors have the highest level of power. Energy suppliers and consultants also have quite high importance (with 5). The demand-side actors and the construction companies also have the highest level of communication.



For new constructions in SDBs, the highest level of power is perceived to be held by the demand-side actors, engineers and consultants (all with 6). The stakeholders with highest level of communication in this process are again the demand-side actors (11 links), and the architects (10). In terms of MDBs, the highest level of power is assigned to demand-side actors, architects and engineers (all with 6). In terms of communication, demand-side actors have the largest and most frequent number of exchanges with other stakeholders (10 links), followed by the architects and the construction companies (both with 8 links).



Therefore, the general picture in Spain is that demand-side actors, architects and engineers are the most powerful stakeholders in the technology selection. There are also more streams of communication in new constructions than in retrofit projects.




4.1.3. Germany


For retrofit projects in SDBs in Germany, many stakeholders have a high level of power in the technology selection (Table 6). The most powerful actors in the technology selection are the demand-side actors and public authorities (both with 5.5), followed by the engineers, energy suppliers or utilities, consultants, construction companies and banks (with 5). The stakeholders with the highest level of communication (in terms of number and intensity) are also the demand-side actors, together with the installers (both 13). Public authorities and architects also have a high number of interactions with other stakeholders (12 and 11 links, respectively). For MDBs, the highest level of power is shared between demand-side actors and (technical) facility managers (both with 6). Consultants and administrative facility managers are also quite relevant (both 5). In terms of information exchange, it is the demand-side actors that have the highest number of interactions with other stakeholders (12 links). Consultants and installers also have interactions with many other stakeholders (11 links).



For comprehensive retrofit projects in SDBs, demand-side actors and energy suppliers have the highest level of power (both with 6). They are closely followed by the engineers (5.5). In terms of communications, the strongest agent in terms of number and level of communication are the demand-side actors (13 links). Architects, engineers, installers and technology or material providers also have a high number of communications (12 links). On the other hand, for MDBs, the highest level of power is assigned to demand-side actors and consultants (6). These are followed by the engineers and the construction companies (both with 5.5). In terms of level of communication, the highest level goes to demand-side actors and architects (11 links), followed by the engineers and the installers (both with 9).



For new construction projects in SDBs, demand-side actors and installers (both with 6) have the highest level of control in the technology selection process. Then come the engineers, the consultants and the energy suppliers (all with 5). In terms of communications and exchange, the demand-side actors again have the highest number and frequency, exchanging with 13 stakeholders. Architects are the other most communicative actors in this process (with 11 linkages to other agents). For MDBs, demand-side actors and material and technology traders have the highest level of power (with 6), followed by the architects and energy suppliers (with 5). With the highest level of communication for MDBs, it is the architects (with 12) and the engineers and the demand-side actors (both 11 links).



Overall in Germany, the level of power is concentrated in a few groups—particularly demand-side actors, architects, engineers, installers and construction companies. In all cases (i.e., retrofit projects and new constructions), the stakeholder network is particularly strong in terms of communication and number of stakeholders involved.




4.1.4. Poland


For retrofit projects and SDBs in Poland (Table 7), most of the stakeholders have a high level of power in the technology selection. As with Germany, the most powerful actors in this case are the demand-side actors and the public authorities (both with 6). In terms of level of communication, it is again the demand-side actors, material or technology providers and installers who are the stakeholders with the highest number and frequency of connections (12 links), followed by the architects and the engineers (11 links). For MDBs, demand-side actors have the highest level of power in the process, along with architects and engineers (all with 6). In terms of communication, demand-side actors again have the highest level, followed by the architects and installers (11 links).



For comprehensive retrofit projects and SDBs, the highest level of power goes to the demand-side actors and the installers (with 6). In terms of communication, demand-side actors and architects have the highest number of communications (13), followed by the technology providers (12 links). For MDBs, on the other hand, the consultants and the demand-side actors have the highest level of power in the selection (6), closely followed by the construction companies and the engineers (with 5.5). With the highest level of communication are the demand-side actors and architects (11).



For new constructions and SDBs, many stakeholders share the highest level of power in the decision: the demand-side actors, the consultants, the installers, the facility managers and business associations (all with 5). The stakeholders with the highest level of communication in this process are again the demand-side actors and the installers (13 links). In terms of MDBs, the highest level of power is assigned to demand-side actors (6), followed by the consultants, the facility managers (technical) and construction companies (all with 5.5). In terms of communication, demand-side actors and the engineers have the largest and most frequent number of exchanges with other stakeholders (13 links), followed by the architects, installers and consultants (12 links).



In Poland, the stakeholder with most importance in the technology selection, both in power and communication, is again the demand-side actors. In addition, worth mentioning in relation to the level of power are the consultants and installers, as are the architects and installers in relation to the communications. As with Germany—both in retrofit projects and new constructions—the stakeholder network is particularly strong in terms of communication and number of stakeholders involved.




4.1.5. France


For retrofit projects in SDBs in France, there are many relevant stakeholders in the technology selection (Table 8). The actors perceived to be most powerful are the demand-side actors (with 6), followed by the engineers, the consultants, the installers and the energy suppliers (all with 5). In terms of level of communication, there are many strong interactions (more than in other countries), and it is again the demand-side actors, the engineers, energy suppliers and the architects who are perceived as having the highest number and frequency of connections (13), along with the construction companies, installers, etc. (12). For MDBs, demand-side actors have the highest level of power in the process, along with architects and consultants (all with 6). In terms of communication, it is again demand-side actors, along with the architects, installers and construction companies, that have the highest level. It is noteworthy that the number of streams of communications between stakeholders is much higher in SDBs than in MDBs.



For comprehensive retrofit projects and SDBs, the highest level of power goes to the demand-side actors (6), followed by the engineers (5.5). In terms of communication, demand-side actors and installers have the highest number of communications (13 links), followed by the consultants and construction companies (12 links). For MDBs, on the other hand, the consultants, the banks and the business associations, along with the demand-side actors, have the highest level of power (6), closely followed by the construction companies (5.5). The demand-side actors also have the highest level of communication (13), closely followed by the construction companies (12). Business associations are only connected to the demand-side actors and facility managers (technical). As in the case of retrofit projects, the number of links between stakeholders in the decision is higher than in MDBs.



For new construction projects in SDBs, the highest level of power is perceived to be held by the demand-side actors, engineers, architects and consultants (all with 6). The stakeholders with the highest level of communication in this process are again the demand-side actors (13 links), the engineers and construction companies (12) and the architects (11). In terms of MDBs, the highest level of power is assigned to demand-side actors (5.5) and the installers (5). In terms of communication, the architects have the largest and most frequent number of exchanges with other stakeholders (12 links), followed by the demand-side actors (11 links).



Therefore, the general picture in France is that there are many stronger interactions than in other countries. The demand-side actors, architects and engineers are crucial in this process. The case with the highest number of stakeholders involved, as well as strong streams of communication, is retrofit projects in SDBs.




4.1.6. Belgium


When looking at retrofit or partial retrofit projects in Belgium, the stakeholder setup varies between SDBs and MDBs (Table 9). For SDBs, the most powerful influencers in the technology selection are the demand-side actors, the facility managers (administrative) and the construction companies. For MDBs, on the other hand, the most influential actors are the demand-side actors, the engineers and the construction companies. When it comes to the level of communication, more streams of communication are taking place in SDBs—namely the demand-side actors (with 13), consultants, installers and public authorities (all 11) with a high level of communication among them. In MDBs, it is the engineers who have the highest number of links, with a high level of communication in each case.



For comprehensive retrofit projects, the stakeholder setup in the technology selection also varies between SDBs and MDBs. For SDBs, the key persuaders are the demand-side actors, the material or technology traders, the architects, the construction companies, the facility managers (administrative) and the engineers, whereas for MDBs it is mostly the installers and the demand-side actors. In terms of communication, it is the architects and construction companies that have the highest number of communication streams in SDBs, with a high level of communication. In MDBs, it is again the installers and the demand-side actors that have a key role in the exchange with other stakeholders.



For new constructions in SDBs, the stakeholders with the highest level of power are the demand-side actors and facility managers (both with 6), as well as the engineers (with 5). In terms of communication, it is a rare case in which the demand-side actors are not the ones with the highest number of interactions. In new constructions and SDBs in Belgium, it is the architects (11 links) and the installers that are the stakeholders with the highest level of communication. They are followed by demand-side actors, engineers and construction companies (all with 6 links). For MDBs, on the other hand, it is demand-side actors and engineers that have the strongest power, closely followed by facility managers (administrative). In terms of the information exchange, it is the demand-side actors and installers who have the highest and strongest exchanges. It is noteworthy how more and stronger interactions take place in this case than in the other cases in Belgium.



Similar to other countries, the demand side is again well represented in terms of power and communication. In addition, of importance in Belgium are the facility managers (administrative), construction companies and engineers (level of power), as well as the architects (level of communication). In retrofit projects and MDBs (both retrofits and comprehensive retrofits), the network of stakeholders is much less dense than in the other cases (i.e., less stakeholders involved and less level of communication among them).




4.1.7. The United Kingdom


For retrofit or partial retrofit projects in the United Kingdom (Table 10), the stakeholder network varies between SDBs and MDBs. For SDBs, the most powerful influencers in the technology selection are the demand-side actors, the business associations or agencies and the technology or material traders. For MDBs, on the other hand, the most influential actors are the demand-side actors, the construction companies and the engineers. When it comes to communication, for SDBs as well as for MDBs the main course of communication seems to go through the demand-side actors (13 for SDBs, and 12 for MDBs).



For comprehensive retrofit projects, the stakeholder setup in the technology selection also varies between SDBs and MDBs. For SDBs, the key persuaders are the demand-side actors and the consultants. This contrasts with MDBs, where many groups are deemed to be powerful: the demand-side actors, technology suppliers, facility managers (technical and administrative), consultants and the public authorities (all with 6). In terms of communication for SDBs, the demand-side actors (with 11) have the highest number of streams with high level of communication, followed by the architects, installers and banks (all with 10). For MDBs, it is the demand-side actors, the construction companies and the engineers that have a key role in the exchange with other stakeholders.



For new constructions and SDBs, the stakeholders with the highest level of power are the demand-side actors, followed by the construction companies and the architects. In terms of communication, it is again the demand-side actors and the construction companies that show a key connection to other stakeholders involved in the decision-making process. On the other hand, for new constructions and MDBs, demand-side actors have the strongest power, closely followed by facility managers (administrative). When it comes to the information exchange, demand-side actors and architects are the strongest.



In the UK, the demand side actors are key in the information exchange, whereas in terms of power there are other key stakeholders involved, e.g., the material and technology traders or the consultants. When comparing results across the various cases, retrofit projects in MDBs and comprehensive retrofits in SDBs have the highest number of stakeholders involved and the least level of communication.




4.1.8. The Netherlands


For retrofit projects and SDBs in the Netherlands (Table 11), the actors perceived to be most powerful are the demand-side actors and the facility managers (technical) (with 6). In terms of the level of communication, it is the demand-side actors (12), the architects, the consultants and the construction companies that have the highest number and frequency of connections (10), along with the business associations (11). For MDBs, many stakeholders are perceived to have a high level of power, with demand-side actors being identified as having the strongest influence in the technology choice, along with the architects, the installers and the bank authorities (all with 6). In terms of communication, it is again the demand-side actors that have the highest level (11 links), followed by the construction companies and the public authorities (both with 10 links).



For comprehensive retrofits and SDBs, the highest level of power goes to the demand-side actors (6), followed by the installers and the architects (5). In terms of communication, demand-side actors have the highest number of communications (11 links), along with construction companies (10 links). As is the case for retrofit projects, for comprehensive retrofit projects in MDBs, many stakeholders are present with a high level of power in the decision, with the architects dominating, along with the demand-side actors. As for the level of communication, demand-side actors have the strongest presence (13), along with architects (12) and public authorities (11).



For new constructions and SDBs, there are many stakeholders with a high level of power and high level of communication. The most powerful actors are perceived to be the demand-side actors, installers and architects (all with 6). The stakeholders with the highest level of communication in this process are again the demand-side actors (13 links), followed by the construction companies and the installers (12 links). In terms of MDBs, the highest level of power is assigned to demand-side actors, the construction companies and the architects (all with 5.5). In terms of communication, the demand-side actors again have the largest and most frequent number of exchanges with other stakeholders, along with the public authorities and technology and material traders (11 links).



Therefore, the general picture in the Netherlands is that there are many strong interactions, with demand-side actors, architects and engineers being crucial in this process. In contrast to the UK, when comparing results across the various cases, retrofit projects in MDBs and comprehensive retrofits in SDBs have the lowest number of stakeholders involved, with the least intense channels of communication.





4.2. Cross-Country Comparison


In order to compare the results across countries, we created a heat map representing the 3 stakeholders having the highest numbers of power and level of communication in each case (i.e., conjunction of project types and building typologies).



4.2.1. Level of Power


Overall, across countries and building projects, the highest power in the technology selection decision goes to the demand-side actors (40/42 cases), the engineers (16/42), the architects (15/42) and the installers (13/42) (Table 12). The only cases in which the demand-side actors are not the most powerful are in comprehensive retrofit projects in SDBs in Poland, where construction companies have a higher level of power than the demand-side actors. In general, the actors involved, and their level of power are closer across building typologies than across building types.




4.2.2. Level of Communication


Results across the 8 countries and 6 cases (Table 13) show that demand-side actors have the highest number and strongest connections with other stakeholders (37/42), with the only exceptions being retrofit projects in Belgium, or the construction companies in new constructions for MDBs in France. The second most interconnected actors are the architects, who are identified with the highest number of connections in 24 of the 42 cases. These are followed by the engineers (14/42), the installers (15/42) and the construction companies (14/42).



When cross-referencing the results from the level of power and communication across the 8 countries, it can be seen that, in most cases, demand-side actors are the key decision-makers. However, they are not the sole agents involved in the technology selection process. Many more stakeholders are present and interconnected, with some of them (e.g., architects, engineers and installers) holding the same (or, in some cases, even more) level of power and communication as the demand-side actors in this action. Another insight gained from the analysis is the fact that the level of power and communication across countries is closer between building typologies than between project types. It is also noteworthy that, in general, installers have a higher level of power than the construction companies in the decision-making process. In addition, architects have the highest streams of communication with other actors. Despite this, architects are perceived to have a lower level of power in the decision than engineers. Finally, across all countries, the heterogeneity of the results is higher for the level of power than for the level of communication.






5. Discussions and Conclusions


By applying SNA to the results of a multi-country survey, this study maps the complete group of stakeholders involved in the technology selection process, as well as their level of power and interaction in this process, across various project types, building typologies and EU countries. In this way, it addresses the knowledge gap concerning cross-country comparable identification of the complete stakeholder system, including key persuaders in the technology choice.



5.1. The Stakeholder Network in the Technology Selection: Decision-Makers and Key Persuaders


Results from this study show that the stakeholder network and the individual level of power and communication vary across the different cases and countries. Nonetheless, in all instances, there are multiple stakeholders communicating, thereby potentially influencing each other in the development. The demand-side actors (i.e., adopters) are identified as having the highest power in the decisions, often followed by the engineers, the architects and the installers. The stakeholder networks show the heterogeneity in the stakeholder setup across the sampled countries, and also demonstrate that, in the technology selection process, there is not just one stakeholder involved, but rather a cohort of actors with distinct levels of power and interaction with each other. Therefore, technology adopters—in most cases the most powerful ones—should not be understood as being the sole decision-makers in the technology selection process. In fact, many other stakeholders are involved and interconnected in these decisions, some of which (e.g., architects, engineers and installers) can have the same or even more power and communication than the demand-side actors. Therefore, even in the cases in which demand-side actors have the highest influence in the decision, this is in strong communication with other stakeholders who can inform, and therefore affect, their decision.



Accordingly, findings suggest that, to favour the promotion of energy-saving technologies, it is necessary to encourage a more integrated relationship between stakeholders in the process. This conclusion coincides with the results from other works in the field, such as [13,14].




5.2. Method Limitations


This paper presents a novel approach to the quantification of stakeholders’ levels of interest, influence and communication in technology adoption for residential building projects in the EU. The stratified sample used in the survey design enabled us to address all of these multiple variables (i.e., countries, project types, building typologies and stakeholders) within a single survey. Likewise, the SNA proved to be a valuable instrument in the calculation of all of the resulting parameters in just 2 dimensions (i.e., nodes and edges). It also offered a visual representation of the results, which, along with a numerical output, was essential to better comprehend the complexity of the network as one whole system.



Nonetheless, the methodology has a set of limitations that need to be taken into consideration: the results presented in this study are based on a survey sample and are therefore subject to personal judgement. This adds a subjective component that should be considered during the analysis and interpretation of the results. To minimise the effect of this issue, two main measures were implemented in the research design: (1) during the data collection, the interviewees were asked to respond to the questions based on their experience in their latest project (not based on a hypothetical case), and (2) the analysis of the results was performed in parallel with market experts’ discussions for each country in order to be able to validate and contextualise the results.



An additional factor of uncertainty that should be considered in this study is diversity across building projects. This means that the results might not be applicable to each and every building project. They do, however, reflect the heterogeneity across them.



Additionally, further comparisons across studies carried out at different points in time may not be warranted, since the technological, social, cultural, economic and policy environments evolve over time.




5.3. Contribution to Technology Diffusion Theoretical Framework


The findings also contribute to the interpretation of R. Rogers’ theoretical framework in the EU residential sector. In his universal model “Five Stages in the Innovation-Decision Process”, Rogers assumes that the “Decision-Making Unit” is only applied to the potential technology adopter [15]. However, with the results from this paper, we demonstrate that, in the EU residential sector, non-adopters are still part of the institutional context in which those decisions are framed. Furthermore, some of these stakeholders are also key contributors to the knowledge and persuasion phase leading to the final decision (i.e., adoption or rejection of the technology). This expands the scope of the “Five Stages in the Innovation-Decision Process” model to address not only the potential adopter of the technology but any stakeholder with whom they are in communication and that has the capacity or power to affect or determine their final choice (i.e., key persuader). Even though the role of the key persuader in the project might vary depending on the context, this should still be taken into consideration when trying to comprehend the complete decision-making framework in which the technology is selected.





6. Outlook


Future research should focus on an in-depth analysis of differences across energy-efficient technologies. In addition, many stakeholder groups are grouped together under the demand-side actors (e.g., private owners, public and/or private associations). Further investigations will be needed that break down the demand-side actors into their sub-groups in order to map the differences among the networks. Likewise, extending the findings of this study to other EU countries and non-residential buildings is also necessary in order to provide a comprehensive pan-European overview.



A potential application of this study is to support the development of evidence-based policy instruments (national and pan-EU). In particular, these findings could support the identification of key persuaders in the adoption process to accelerate large-scale diffusion of energy-efficient technologies. Furthermore, it could encourage other scientific works in the field to include multiple perspectives in the decision-process analysis, rather than mostly targeting the demand-side actors.
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Appendix A. Survey Methodology


Quota


Due to the stratified approach, there is no maximum number of responses stipulated, but rather a minimum quota for different strata and sub-strata. This minimum number has been defined based on the estimate of some of the sample size calculation approaches defined by (Czaja et al.), and it has been defined for the three axes of stratification (i.e., stakeholder group, building typology and project type). One stratification axis is controlled ex-ante (stakeholder group) and two are controlled for during the survey or ex-post (building typology and project type).



The breakdown of the minimum number of responses per project type, building typology and stakeholder group required in the survey for each country are displayed in the table below.
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Table A1. Minimum quotas per stratum defined in the survey.






Table A1. Minimum quotas per stratum defined in the survey.





	

	
Project Type

	
Sub-Total

	
Total




	
New Build

	
Comprehensive Retrofit (Three Elements or More)

	
All Other Measures (Maintenance, Refurbishment)




	
Stakeholder group

	
Including the following sub-groups

	
SFH *

	
MDH **

	
SFH

	
MDH

	
SFH

	
MDH

	
SFH

	
MDH

	






	
1. Conceiving, planning and consulting services

	
Architects and engineers

	
9

	
9

	
9

	
9

	
9

	
9

	
27

	
27

	
54




	
2.Material and technology supply

	
Material or technology manufacturers or retailers

	
9

	
9

	
9

	
9

	
9

	
9

	
27

	
27

	
54




	
3.Construction and installation

	
Construction companies and installers

	
10

	
10

	
10

	
10

	
10

	
10

	
30

	
30

	
60




	
4. Enabling services

	
Local authorities, banks and other financial services

	
9

	
9

	
9

	
9

	
9

	
9

	
27

	
27

	
54




	
5.Operation and maintenance services

	
Energy supply/utilities and Energy service companies (ESCO), facility managers (commercial, administrative, technical, maintenance, etc.)

	
10

	
10

	
10

	
10

	
10

	
10

	
30

	
30

	
60




	
6.Institutional demand side

	
Investors, developers, housing companies for profit, public/part-governmental/non-profit

	
15

	
15

	
15

	
15

	
15

	
15

	
15

	
45

	
60




	
7. Private demand side

	
Private house owners, flat-renters or self-owners

	
26

	
26

	
26

	
26

	
26

	
26

	
78

	
78

	
156




	
Total

	
88

	
88

	
88

	
88

	
88

	
88

	
234

	
264

	
498








* SDB: single-dwelling building, ** MDB: multi-dwelling building.












Survey Intelligence


The building value chain is complex and dynamic (i.e., multiple building typologies, project types, stakeholder groups involved, timings, etc.). To characterise the uptake of energy efficiency technologies and to encompass this complexity (while attaining the high number of responses that were needed), the survey questionnaire ought to be dynamic and adaptive. This need for dynamism and adaptability requires back-end programming, hereafter referred to as ‘survey intelligence’. The survey intelligence therefore refers to the latent architecture designed and coded within the survey. Its objective was two-fold:



To control the questionnaire so it can adapt to every stakeholder profile within the value chain (i.e., questionnaire profiling).



To ensure that the minimum quota is met (i.e., minimum quota).



The design and implementation of the survey intelligence and how it effectively works in practice are explained hereafter.



I. Questionnaire Profiling


Given the high number of stakeholder groups this study encompasses, as well as the distinct perspectives and level of knowledge in the topics addressed, the questionnaire needed to be programmed to dynamically adapt to each angle. This is referred to as ‘questionnaire profiling’ and it has been implemented on two levels. The first level refers to an overall questionnaire architecture, adapting it according to the stakeholder group and concrete response selected—for instance, technology providers do not necessarily have practical experience in building projects and might, therefore, need to skip any project-related questions. The second type of questionnaire profiling was on a more detailed level, related to the formulation of the specific questions—for example, once the respondent had identified their country or type of project and building typology, the upcoming questions were coded so that they referred to this information and the respondent could relate to the question better. Another example of this featured in questions B046-57 (see “Questionnaire” section below), to identify the exact alias they had chosen for the different stakeholder groups. This has been marked in orange in the text.




II. Minimum Quota


There are several ways in which the questionnaire controls the quotient. One of these is the quotient stop: if there are enough questionnaires for a certain stratum, further participants of this group are requested to answer the survey for another stratum (e.g., comprehensive retrofit projects instead of new-builds, large houses instead of small houses, etc.). Another way is to ask for a specific project type and building typology (i.e., bucket) when the current numbers are insufficient, and the quota of the other buckets has already been satisfied.



In order to enable a proper functioning of the survey intelligence for both the questionnaire profiling and minimum quota to ensure the validity and reliability of the results, the survey intelligence was evaluated and pre-tested.




Distribution


An aligned and accurate execution of the survey distribution was crucial to ensure the coherence of results on a national level as well as across countries. Due to the high number of markets addressed in this study (n=8), the distribution of the survey was entrusted to research institutes in the respective country, hereafter referred to as “local partners”. To this end, detailed distribution instructions were developed. The progress of the dissemination was scrupulously guided and monitored by the corresponding author of this paper to ensure its rigorous implementation.




Questionnaire


Based on the study of the literature, discussions with market experts and input from stakeholder group representatives across the whole value chain, a questionnaire was developed. The final questionnaire was divided into five parts according to the topic that was addressed. The first part of the survey concerns the characterisation of the stakeholder profile (Part I). The respondents were asked to identify what had been their latest project. Once they had done this, they were asked to select their building typology and type of project (Part II). The behavioural factors determining adoption decisions were measured in two ways: firstly, the respondents were asked to assess the perceived influence, interest and level of communication with actors involved in the decision concerning the selection of the technology (Part III). Afterwards, they were asked about their level of familiarity with different building technologies. Based on their answers, they were asked to identify the main drivers and barriers in relation to that technology (Part IV). Finally, they were asked questions about contextual factors, such as buildings and socio-demographic characteristics (Part V).



The complete questionnaire can be accessed via the link: https://chalmersuniversity.box.com/v/SurveyQuestionnaire.






Appendix B. SNA Numerical Output


The results can be read like this:
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Table A2. Legend to read the numerical outputs of the networks.






Table A2. Legend to read the numerical outputs of the networks.





	Level of Communication
	Likert Scale
	Numerical Interpretation





	No power
	0 (None)
	X = 1



	Very low
	1
	0< X ≥ 2



	Low
	2
	2 < X ≥ 3



	Medium
	3
	3< X ≥ 4



	High
	4
	4 < X ≥ 5



	Very high
	5 (Very High)
	5 < X ≥ 6








IT
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Table A3. Numerical output stakeholder networks classified according to building typologies and project types in Italy (IT).
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Table A4. Numerical output stakeholder networks classified according to building typologies and project types in Spain (ES).
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Table A5. Numerical output stakeholder networks classified according to building typologies and project types in Germany (DE).
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Table A6. Numerical output stakeholder networks classified according to building typologies and project types in Poland (PL).
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Table A7. Numerical output stakeholder networks classified according to building typologies and project types in France (FR).
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Table A8. Numerical output stakeholder networks classified according to building typologies and project types in Belgium (BE).
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Table A9. Numerical output stakeholder networks classified according to building typologies and project types in the Netherlands (NL).
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Table A10. Numerical output stakeholder networks classified according to building typologies and project types in the United Kingdom (UK).
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Figure 1. Parameters identifying relevant decision-makers. 
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Table 1. Stakeholder groups and subgroups actively involved in the uptake of energy-efficient (EE) technologies in residential building projects [40].






Table 1. Stakeholder groups and subgroups actively involved in the uptake of energy-efficient (EE) technologies in residential building projects [40].










	#
	Stakeholder Groups and Subgroups
	Main Role in the Building Value Chain





	1
	Conceiving, planning and consulting services, including:
	Planning/design, construction/installation



	
	Architect
	



	
	Engineer
	



	2
	Material and technology suppliers, including:
	Technology and material supply



	
	Technology or material manufacturer or trader
	



	3
	Construction and installation, including:
	Construction/installation



	
	Construction Company
	



	
	Installer
	



	4
	Enabling services, including:
	Overarching and enabling services,

economic or business management



	
	Local public authorities (e.g., construction permit authorities)
	



	
	Bank or other financial services (including local branch offices)
	



	5
	Operation and maintenance services, including:
	Use and maintenance, economic or business management



	
	Facility manager (commercial, administrative)
	



	
	Facility manager (technical, maintenance, etc.)
	



	
	Energy supply/utility and energy service company (ESCO)
	



	6
	Institutional demand side, including:
	Real estate, use and maintenance



	
	Investor or developer
	



	
	Housing company (for profit)
	



	
	Housing company or housing association, cooperative (public/part-governmental/non-profit)
	



	7
	Private demand side, including:
	Real estate, use and maintenance



	
	Private house owner

(private owner but asset rented out)
	



	
	Self-occupying private house owner (resident)
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Table 2. Building typologies and project types: definitions and acronyms.
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Cluster

	
Description






	
Building typologies

	
Single-dwelling buildings (SDBs), e.g., single-family house or detached house, semi-detached house, twin house or duplex row house or terrace house




	
Multi-dwelling buildings (MDBs), e.g., small multi-dwelling home or small apartment building, large multi-dwelling home or large apartment building




	
Project types

	
New construction




	
Retrofit: including repair, retrofit or partial retrofit




	
Comprehensive or deep retrofit
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Table 3. Stakeholder group legend.
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	Colour
	#
	Stakeholder group





	•
	1
	Material or technology trader



	•
	2
	Architect



	•
	3
	Engineer



	•
	4
	Consultant



	•
	5
	Installer



	•
	6
	Construction company



	•
	7
	Public authority



	•
	8
	Bank/other financial service company



	•
	9
	Facility manager—administrative and businesses



	•
	10
	Facility manager—technical



	•
	11
	Energy supplier/utility or energy service company



	•
	12
	Business association, agency agent



	•
	D
	Demand-side actor, including investor or developer, housing company (for profit), housing company or housing association, cooperative (public/part-governmental/non-profit), private house owner (self-occupying or with the asset rented out).



	•
	16
	OTHER company or organisation type in the building sector
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Table 4. Stakeholder level of power and interaction in the technology selection, classified according to building typologies and project types in Italy (IT).
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Comprehensive Retrofit

	
New Construction




	
SDBs

	
MDBs

	
SDBs

	
MDBs

	
SDBs

	
MDBs
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Table 5. Stakeholder level of power and interaction in the technology selection, classified according to building typologies and project types in Spain (ES).
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Table 6. Stakeholder level of power and interaction in the technology selection, classified according to building typologies and project types in Germany (DE).
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Table 7. Stakeholder level of power and interaction in the technology selection, classified according to building typologies and project types in Poland (PL).
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Table 8. Stakeholder level of power and interaction in the technology selection, classified according to building typologies and project types in France (FR).
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Table 9. Stakeholder level of power and interaction in the technology selection, classified according to building typologies and project types in Belgium (BE).
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Table 10. Stakeholder level of power and interaction in the technology selection, classified according to building typologies and project types in the United Kingdom (UK).






Table 10. Stakeholder level of power and interaction in the technology selection, classified according to building typologies and project types in the United Kingdom (UK).





	
Retrofit Projects




	
Retrofit

	
Comprehensive Retrofit

	
New Construction




	
SDBs

	
MDBs

	
SDBs

	
MDBs

	
SDBs

	
MDBs






	
 [image: Buildings 10 00070 i007]











[image: Table] 





Table 11. Stakeholder level of power and interaction in the technology selection, classified according to building typologies and project types in the Netherlands (NL).
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Table 12. Top three stakeholders involved in the selection of the technology decision (classified according to project and country).
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Country

	
Retrofit

	
Comprehensive Retrofit

	
New Construction




	
SDBs

	
MDBs

	
SDBs

	
MDBs

	
SDBs

	
MDBs






	
IT

	
D(6)

	
-

	
D(6)

	
D(5)

	
D(6)

	
D(5)




	
3(6)

	
-

	
1(6)

	
6(5)

	
2(6)

	
9(5)




	
16(5)

	
-

	
-

	
-

	
-

	
-X




	
ES

	
D(6)

	
D(6)

	
D(6)

	
D(6)

	
D(6)

	
D(6)




	
3(6)

	
7(6)

	
3(6)

	
3(6)

	
3(6)

	
2(6)




	
1(6)

	
6(5)

	
2(6)

	
4(6)

	
4(6)

	
3(6)




	
DE

	
D(5.5)

	
D(6)

	
D(6)

	
D(6)

	
D(6)

	
D(6)




	
7(5.5)

	
10(6)

	
11(6)

	
4(6)

	
5(6)

	
3(6)




	
-

	
-

	
3(5.5)

	
-

	
-

	
-




	
PL

	
D(6)

	
D(6)

	
6(6)

	
D(6)

	
D(5)

	
D(6)




	
7(6)

	
3(6)

	
5(6)

	
2(6)

	
5(5)

	
6(5.5)




	
-

	
2(6)

	
-

	
-

	
4(5)

	
4(5.5)




	
UK

	
D(6)

	
D(6)

	
D(5.5)

	
D(6)

	
D(6)

	
D(6)




	
12(6)

	
6(6)

	
4(5.5)

	
-

	
6(5.5)

	
9(5.5)




	
1(6)

	
3(5.5)

	
-

	
-

	
-

	
-




	
FR

	
D(6)

	
D(6)

	
D(6)

	
D(6)

	
D(6)

	
D(5.5)




	
-

	
2(6)

	
3(5.5)

	
8(6)

	
2(6)

	
5(5)




	
-

	
4(6)

	
-

	
4(6)

	
3(6)

	
2(4.5)




	
BE

	
D(5)

	
D(5)

	
D(5)

	
D(5.5)

	
D(6)

	
D(5)




	
5(5)

	
6(5)

	
1(5)

	
5(5.5)

	
3(6)

	
3(5)




	
2(5)

	
3(5)

	
2(5)

	
6(5.5)

	
4(5)

	
9(4.5)




	
NL

	
D(6)

	
D(6)

	
D(6)

	
D(6)

	
D(6)

	
D(5.5)




	
10(6)

	
5(6)

	
5(5)

	
5(6)

	
5(6)

	
6(5.5)




	
-

	
-

	
2(5)

	
2(6)

	
-

	
2(5.5)








Legend: Stakeholder group (level of power). 1: Material or technology trader, 2: Architect, 3: Engineer, 4: Consultant, 5: Installer, 6: Construction company, 7: Public authority, 8: Bank/other financial service company, 9: Facility manager—administrative and businesses, 10: Facility manager—technical, 11: Energy supplier/utility or energy service company, 12: Business association, agency agent, D: Demand-side actor, 16: Other company or organisation type in the building sector. “-“: More than one stakeholder group in the same position.
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Table 13. Stakeholders with the highest number of streams of communication (sum of all links) in each case.
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Country

	
Retrofit

	
Comprehensive Retrofit

	
New Construction




	
SDBs

	
MDBs

	
SDBs

	
MDBs

	
SDBs

	
MDBs






	
IT

	
D(8)

	
D(7)

	
D(12)

	
D(7)

	
D(11)

	
6(10)




	
3(8)

	
3(7)

	
5(9)

	
5(7)

	
2(10)

	
D(9)




	
2(7)

	
6(7)

	
2(8)

	
-

	
-

	
2(8)




	
ES

	
D(10)

	
D(10)

	
D(9)

	
D(10)

	
D(11)

	
D(10)




	
-

	
2(8)

	
2(8)

	
6(9)

	
2(10)

	
6(8)




	
-

	
6(7)

	
6(8)

	
-

	
6(9)

	
2(8)




	
DE

	
D(13)

	
D(12)

	
D(13)

	
D(11)

	
D(13)

	
D(12)




	
5(13)

	
4(11)

	
-

	
2(11)

	
2(11)

	
6(11)




	
7(12)

	
5(11)

	
-

	
3(9)

	
-

	
3(11)




	
PL

	
D(12)

	
D(13)

	
D(13)

	
D(11)

	
D(13)

	
D(13)




	
1(12)

	
2(12)

	
2(13)

	
2(11)

	
5(13)

	
3(13)




	
5(12)

	
5 (12)

	
1(12)

	
-

	
4(11)

	
-




	
UK

	
D(13)

	
D(12)

	
D(11)

	
D(12)

	
D(11)

	
D(12)




	
11(11)

	
-

	
-

	
6(11)

	
6(10)

	
2(12)




	
6(11)

	
-

	
-

	
3(10)

	
1(8)

	
-




	
FR

	
D(13)

	
D(12)

	
D(13)

	
D(13)

	
D(13)

	
2(12)




	
3(13)

	
5(12)

	
5(13)

	
6(12)

	
3(12)

	
D(11)




	
2(13)

	
6(12)

	
-

	
-

	
6(12)

	
-




	
BE

	
D(13)

	
2(11)

	
2(13)

	
D(9)

	
2(11)

	
D(13)




	
-

	
D(10)

	
6(12)

	
5(9)

	
5(10)

	
5(13)




	
-

	
-

	
-

	
6(9)

	
-

	
-




	
NL

	
D(12)

	
D(11)

	
D(11)

	
D(13)

	
D(13)

	
D(11)




	
7(11)

	
5(10)

	
5(10)

	
2(12)

	
6(12)

	
1(11)




	
-

	
2(10)

	
-

	
7(11)

	
5(12)

	
7(11)








Legend: Stakeholder group (level of communication). 1: Material or technology trader, 2: Architect, 3: Engineer, 4: Consultant, 5: Installer, 6: Construction company, 7: Public authority, 8: Bank/other financial service company, 9: Facility manager—administrative and businesses, 10: Facility manager—technical, 11: Energy supplier/utility or energy service company, 12: Business association, agency agent, D: Demand-side actor, 16: Other company or organisation type in the building sector. “-“: More than one stakeholder group in the same position.
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