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A Sociotechnical Mapping of Domestic Biomass Heating Systems in Austria Harald Rohracher IFF/IFZ—Inter-University Research Centre for Technology, Work and Culture Introducing the perspective of science and technology studies (STS) to the analysis of the design and adoption of environmentally friendly technologies may help develop more effective and diversified strategies for an environmentally oriented technology policy. A case study of the organizational context and sociotechnical network of modern domestic biomass heating systems in Austria demonstrates the usefulness of such an approach. Mapping out the sociotechnical system and the guiding visions surrounding the domestic use of biomass and the dynamics of its development may help find effective levers for a technology policy focusing on regional and interactive strategies to influence the organizational context of a technology. In the case of biomass, the target of technology policy shifts from technological research and development to information programs and vocational training for installers, organizational infrastructures for the supply of wood chips, or the elaboration of innovative energy services. Keywords: sociotechnical mapping, renewable energy, biomass, households, diffusion of innovations, technology policy



fifth of all households) because of the high proportion of forests in Austria. Compared to the average composition of energy carriers in the European Union, Austria’s energy system is quite advanced in its shift from fossil fuels to renewable energy carriers. Although these figures seem quite impressive, they conceal a lot of problems for the future development of renewables in domestic heating. As mentioned above, much of the high proportion of renewables in Austria is due to the use of wood—a traditional energy carrier that is somewhat on the decline and not a signifier of a new move to renewables. The total number of households using fuelwood has been decreasing for many years—from 608,000 households (21%) in 1990 down to 514,000 households (16.3%) in 1997. This downward tendency could accelerate rapidly, considering that more than 50% of these biomass heating systems are presently older than 15 years. Nevertheless, biomass plays an important role in environmental policy concepts and scenarios demonstrating the feasibility of a reduction of greenhouse gases. The following reasons are central to the argumentation of biomass proponents: •



Biomass Use in Austria Austria covers a significant part of its energy consumption with renewable energies. In 1998, hydropower contributed 134 PJ (petajoules), or 11.3%, and biomass contributed 125 PJ, or 10.5%, to the total energy use in Austria—a total share of about 22% (Energieverwertungsagentur, 2001). Fuelwood is the main source of biofuel in Austria, accounting for more than 57% of the biomass used for energy purposes. Fuelwood still is an important energy carrier for domestic heating in rural areas (between a third and a



•



•
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Biomass contributes to a reduction of CO2 emissions because the carbon dioxide emitted in the combustion process is bound again when new biomass is produced in Austrian forests. As long as forestry is not further intensified, fuelwood is kept in closed regional cycles because most of the fuelwood is used within short distances. The production and use of fuelwood (logs or wood chips) contribute to the income of Austrian farmers because the Austrian agricultural structure is characterized by small farms often combined with forests. The regional use of bio-
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•



mass means additional income for these farmers, who are hardly competitive at a European level. The use of fuelwood contributes to the regional economy because both the production of biomass and the production of biomass boilers are not concentrated in the industrial centers of Austria. Thus, jobs are kept in rural areas.
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Given the political will to sustain the level of biomass use in Austria, the question is how to make this energy carrier more attractive and competitive. The main strategy chosen has been to develop new heating systems. Major strides have been made in the past 15 or 20 years to improve the technological standard of domestic heating with biomass. The first automatic heating systems for wood chips were imported from Denmark and Sweden and have been continually improved by Austrian manufacturers. Today, domestic biomass heating systems have hardly anything in common with traditional woodstoves, which are still widespread in Austria. Modern biomass boilers are used in central heating systems and are highly specialized in certain kinds of wood fuel. The main types are wood chip boilers, which operate fully automatically throughout the heating season. These boilers can also be fuelled by pellets, which are made from sawdust. The other dominant type is that of log boilers, which must be refilled with wood every 1 or 2 days. All of these modern boiler types have significantly improved performance. Whereas traditional boilers have efficiency levels of around 60%, modern boilers reach energy efficiency levels of more than 90%. In line with this fact, the emissions of air pollutants such as CO or NOx have been reduced by several orders of magnitude. As Figure 1 shows, the early development of biomass boiler sales figures in Austria had some correlation with the development of oil prices. Especially the first phase of the development of wood chip boilers, particularly from 1981 through 1986, seems to have been strongly induced by the second oil price shock in the first half of the 1980s. This pioneering phase was accompanied by intense promotional and networking efforts of the Chamber of Agriculture and Forestry. Falling oil prices combined with, in some cases, the low technical performance of the first generation of boilers led to a significant decrease in boiler production until 1989. Only strong efforts to improve the technical standard of biomass boilers could push production figures up again. Among these efforts, a “con-



Figure 1. Sales Figures of Modern Domestic Biomass Boilers in Austria



test of ideas” to improve small biomass boilers should be mentioned because this contest, which was financed by several Austrian ministries and provinces in 1990 and 1991, resulted in the present high technical standards of boilers. These improvements were backed by regulations setting high emission standards for boilers, which could be met only by manufacturers producing at high quality. However, this high technical standard of modern biomass boilers has not yet resulted in wide dissemination. Although the sales figures of 1996 were at a height never reached before by modern biomass boilers, the total proportion of these boilers in the domestic heating market is still marginal. No more than 0.6% of a total of 2.6 million Austrian households are heated with wood chips. If the figure for modern log boilers, which is at least twice as high, is added, the total is still below 2% of all households, compared with 18.5% using fuelwood. How can the low dissemination rate of modern biomass boilers be understood? Is it just high investment costs that sufficiently explain the low production figures? Which strategies could be employed to speed up the dissemination of biomass boilers? Apparently, it is not a matter of bad technical performance. Moreover, it is widely accepted that biomass boilers cannot just be publicly subsidized to a level that makes them competitive with fossil fuel boilers. Sociotechnical analysis may help us to understand this situation and design appropriate policy strategies. Such a mapping of the organizational and institutional framework of the development and dissemination of biomass heating systems could provide opportunities to improve and redesign the corresponding
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Figure 2. Sociotechnical Systems as Ensembles of Social and Technical Elements



sociotechnical system to increase the adoption of this technology. Before turning to such an analysis, I outline some of the theoretical concepts that lie behind a focus on the interrelations of technology development and its social embeddedness.



The Social Shaping of Technology Social studies of technology provide useful theoretical approaches integrating social contexts and technological developments. Theories on sociotechnical systems, sociotechnical networks, and actor networks in particular deal with technologies and human (individual and organizational) actors at (arguably) a symmetrical level. These theories can be summarized under the notion of the “social shaping of technologies” or the “social construction of technologies” (SCOT), stressing the fact that the development and diffusion of technologies is shaped by societal factors and is not a process merely dependant on technical rationality. Figure 2 provides an impression of the embeddedness and interrelatedness of technological structures, institutional environments, and actor networks (Schneider & Mayntz, 1995, p. 113). The social shaping of technologies approach tries to transcend traditional approaches, which focus on the impacts of technological change. This special approach “examines the content of technology and the particular processes involved in innovation. . . . It



explores a range of factors (organisational, political, economic and cultural) which pattern the design and implementation of technology” (Williams & Edge, 1996, p. 865). Those research traditions put the shaping and designing roles of individual and collective actors in the development of technologies, as well as their visions, interests, strategies, and restrictions at the center of interest. Technology is defined as a material artifact, which is also culturally constructed and interpreted. Of crucial importance for these approaches is the fact that there are choices or selections in the construction process of technologies, choices that are not determined by technological requirements but influenced by institutional contexts, strategic actions, or historically contingent situations. Thus, the path of technological development is embedded in a complex network of organizations, alliances of interests, and certain concepts of technologies that have not yet been implemented. Williams and Edge used the phrase “negotiability of technology” to express this fact. Mapping out the sociotechnical framework of a technology—especially the organizations and actors and their relation to it—may draw on the three main approaches summarized under the notion of the social shaping of technology: the SCOT, the theory of large technical systems, and actor network theory. One of the approaches useful in understanding the development and diffusion of biomass boilers is the
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“sociotechnical systems” perspective. This theory is linked strongly with the person of Thomas Hughes (1983), who first employed this approach in his seminal study Networks of Power: Electrification in Western Societies 1880-1930, describing and analyzing the development of electric power systems in the United States, England, and Germany at the turn of the 20th century. Hughes put the shaping power of actor groups as well as social and cultural environments for the development of a certain technology at the center of his investigations. The merit of Hughes’s system perspective is the linking of technical and organizational systems: “linking technical apparatus to engineering systems, and in turn these to manifold organisational, economic and political actors and structures” (Joerges, 1988, p. 11) Sociotechnical systems include physical and technical artifacts (in this case, e.g., wood chip boilers, machines to chip wood, storage facilities), organizations (manufacturers, the Chamber of Agriculture, energy advice units, etc.), as well as scientific components (books, research programs) and legal artifacts (standards, codes). These systems are socially structured and structure society in their turn. Hughes (1987) concentrated particularly on large technical systems, which are often infrastructures or networks, such as electric power systems, telecommunications, district heating, and so on. But even if domestic biomass heating is not coupled so tightly, however, some characteristics of large technical systems remain. A central category of actors are “system builders,” who are characterized by their “ability to construct or to force unity from diversity, centralisation in the face of pluralism, and coherence from chaos” (p. 52). These system builders invent not only technical artifacts but also organizational forms. System builders are of great importance in several states of a system’s development—not only in the initial phase (invention, innovation) but also in more mature phases, when they identify “critical problems” for the development of a technical system. Critical problems are technical or organizational problems that must be solved to overcome barriers of the system’s development. As will be seen, even the system of small biomass boilers, which is quite loosely coupled compared to, for example, telecommunication, requires one or few central organizations or actors who organize its further development. Another approach to deal with technological artifacts and human actors in a way that does not a priori distinguish between a realm of “the social” and one of “the technical” is actor network theories. As a conse-
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quence, this kind of social analysis does not start from “social laws” or structures but from “irreducible, unconnected realities” (Latour, 1996, p. 369). Simplicity—structure—comes from turning stabilized networks into black boxes. Actor networks do not have the hierarchical touch of Hughes’s (1987) large technical systems; they are also systems that “integrate social networks (human nodes), policy networks (organisations and agendas), technical networks (e.g. telecommunications), however, as well as natural and inanimate things” (Ray & Woodward, 1997, p. 5). Such networks are characterized by a high degree of autonomy of their actors and at the same time by mechanisms of integration and coordination, making cooperation profitable for each actor. The development of a technology within these networks reflects the successful translation of interests from other groups into one’s own terms. This interest translation is connected to the term heterogeneous engineering, which is the capability of actors, especially engineers, to anticipate social requirements, influence the social framework, or mobilize political interests in favor of a specific technology. One trait of many networks is a stable pattern of interactions. These interactions are often not created with the establishment of a new network but follow “preexisting networks” (Elzen, Enserink, & Smit, 1996) that have been formed under previous circumstances. As will be seen, the dominance of such preexisting networks is one of the reasons why domestic heating with biomass hardly transcends the agricultural sector. In this analysis of biomass technologies, the actor network concept can also be used to “explain both the first stages of the invention and the gradual institutionalisation of the market” and the changes and developments that occur subsequently (Callon, 1987, p. 100). This extension to the market and the diffusion of technologies is especially developed in Callon’s (1992, 1993) concept of technoeconomic networks— heterogeneous and polycentric networks stretching between the scientific, the technical, and the market poles. Within these networks, actors such as public laboratories, technical research centers, industrial firms, financial organizations, users, and public authorities participate collectively in the development and diffusion of innovations. The concept of technoeconomic networks also includes attempts to develop quantitative indicators and graphic representations to analyze the dynamics of technical innovation and diffusion by, for example, determining
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whether such networks are dispersed or convergent and evaluating the progress of public technological programs. A useful theoretical background to map a sociotechnical system and analyze its dynamics is also provided by the SCOT approach. Social constructivism analyzes technical change as a social process and asks how stabilization in the perception of artifacts is achieved, why a certain specific design finally comes to be taken for granted. Three concepts are central to SCOT: “relevant social groups,” “interpretative flexibility,” and “technological frames.” Heuristically, the social constructivist approach starts by identifying relevant social groups and tracing the meanings and interpretations of an artifact in their eyes. Following the developmental process, growing and diminishing degrees of stabilization of the artifact are observed. Rhetorical closure (i.e., the stabilization of the artifact) is reached when the relevant social groups see the problem as solved. The artifact is thus gradually constructed or deconstructed in the social interaction of relevant social groups. Even diffusion theories, traditionally focusing on individual users, stress the importance of social networks for the diffusion of a technology. Rogers (1995) in particular pointed out the function of communication channels (i.e., the means by which innovations are communicated to individuals). The horizontally organized diffusion of technology (thermal solar collectors in the United States is Rogers’s example) is often communicated within social networks of neighbors or friends. As the survey on the diffusion of biomass technologies revealed, such social networks within villages or regions are of prime importance to the adoption rate of these technologies. However, not only peers or the vertical relations of manufacturers to markets are crucial for the diffusion of technologies; “an institutional analysis of technological change requires attention to a number of organisations outside vertical channel relationships. Non-market organisations such as trade unions and regional tribunals have important impacts” (Lynn, Reddy, & Aram, 1996, p. 94). The term innovation community obviously demonstrates the proximity of some modern diffusion theories to actor network theories or sociotechnical systems theories. As this short outline should have demonstrated, the social shaping of technology approaches are conceptually rather close to one another, even if they stress different aspects of the sociotechnical relations of certain technologies. The following items summarize



some of the theoretical insights that are relevant to the following empirical analysis of the sociotechnical network of biomass technologies: •



•



•



•



The development and diffusion of technologies is interdependent to a great extent on social networks. Only taking into account the history, dynamics, and patterns of interactions of actor groups or organizations allows one to understand the process of the innovation and diffusion of certain technologies and provides the opportunity to influence this process. Sociotechnical systems need system builders, at least to some extent. Even if decentralized biomass technologies are not part of a tightly coupled technological system, they require systematic network building (the cooperation of manufacturers to standardize components, set up of infrastructures for fuel supply, etc.), which have to be organized by central promoters (in this case, the Chamber of Agriculture). Technological developments tend to remain in stable (even if not technologically determined) paths, both in technological concept (technological momentum or trajectories, as it may be observed for the different construction principles, log boilers and wood chip boilers) and in patterns of interaction (restriction to preexisting networks, e.g., networks within agricultural organizations). As a consequence of this social embeddedness of innovations, political interventions in the design and dissemination of technologies should also focus on social networks and develop more interactive models of public policy.



On the basis of these presumptions and theoretical approaches concerning the social embeddedness of technological systems, modern biomass technologies for domestic heating have been analyzed in the Austrian province of Styria (Rohracher, Suschek-Berger, & Schwaerzler, 1997). Styria is the second largest of nine Austrian provinces, with a total area of 16,388 km2 and a population of 1.2 million inhabitants. Seventeen percent of Austria’s 13,000 small biomass boilers (below 100 kW) are in use in Styria. According to Austria’s federal organization, the networks of biomassrelated organizations have distinct features in each of the provinces—even the technical standards of biomass boilers are different in the different provinces.
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The analysis of the sociotechnical system of biomass boilers draws on expert interviews with exponents in public administration, manufacturers, installers, promoting organizations, researchers, energy advisers, and so on, and on consumer surveys. The analysis of modern domestic biomass combustion technologies from a sociotechnical perspective concentrates on two levels: the visions of central actors connected to these technologies and a mapping of actor constellations governing the development and promotion of wood chip boilers in Styria.



•



•



The Institutional and Organizational Framing of Domestic Biomass Combustion Technologies From an STS point of view, the organizational and institutional context of biomass technologies, the relevant actor groups (Pinch & Bijker, 1987), are of high importance to understanding the dynamics of the development of a technology. One part of the interviews consisted of mapping out relevant supply-side actors together with the interviewee and estimating their importance and role in the further development of biomass boilers. As expected, a large number of organizations have been identified as playing important roles in the development and dissemination of biomass boilers. These organizations may be split into several categories with different ways of intervention and different interests: •



•



Policy, administration: This group has the ability to intervene in the dissemination process by setting technical standards via subsidies and public procurement. This group is especially interested in success stories with high publicity value (e.g., the proportion of renewable energies), but they are also quite inactive because they also have to cope with other interest groups (utilities, the fossil fuel lobby, manufacturers of oil or gas boilers). Energy units within the administration (the Energy Advice Unit, the Styrian Energy Agency): These units have a service function for the public, such as providing energy advice, financing and monitoring energy-related research, and providing information. The activities of these units cover the whole field of energy issues; their focus, however, is on energy efficiency and renewables.



•



•



•
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Independent agencies (the Regional Energy Association—regional development): There are a number of agencies devoted to special issues. The Regional Energy Association, for example, is an organization especially devoted to the promotion of biomass boilers that has carried out some projects concerning biomass (e.g., the self-building of biomass boilers for farmers). The instruments of intervention are primarily advice, information, and lobbying. Agricultural organizations (the Chamber of Agriculture, the Association of Forest Owners): These groups represent the interests of agriculture and forestry. These groups in particular see in an extended use of biomass a chance for additional income for farmers. Professionals, such as installers: These groups are represented in the Chamber of Commerce and may discern biomass boilers as an additional market or as competitors to their traditional products (e.g., oil and gas heating systems). Manufacturers are also represented in the Chamber of Commerce. Manufacturers’ interests depend on their specialization: If they are fully specialized in biomass boilers (most manufacturers of wood chip systems), they have different interests from manufacturers regarding biomass boilers as an additional production segment (mainly the case with log boilers). Energy service providers: Such companies are presently quite young and rare. They are providing new biomass-related services (e.g., heat from biomass or the production of wood chips) and have a vital interest in the growth of the biomass system.



Figure 3 shows the importance of the organizations involved in promoting and shaping biomass technologies. Representatives of each of these organizations were asked about the importance of the other organizations or relevant social groups. As the thickness of the lines demonstrates, the variation in importance is remarkable. Of special importance is a group of organizations including the Chamber of Agriculture as the most important organization, the Association of Forest Owners, the Regional Energy Association, and the group of manufacturers. Many of these organizations are strongly connected—financially or in their historical development—to the Chamber of Agriculture.
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Figure 3. Mapping of Supply-Side Actors Shaping the Development of Biomass Boilers



Even the group of manufacturers of wood chip boilers, which seems quite distinct from the agricultural lobby, has to some extent historically developed from manufacturers of farm machinery. The Chamber of Agriculture apparently plays the role of a system builder. The wide dissemination of biomass within the agricultural sector certainly may be attributed to the efforts of this organization. As will be seen below, this constellation has important consequences for the dynamics and the shaping of the further development of the sociotechnical system of biomass boilers. As expert interviews and a consumer survey have shown, the main user groups of biomass boilers mirror the actor constellation at the supply side. The dominant group again is the agricultural sector—farmers who predominantly use wood from their own forests and who are used to handling wood chips and repairing problems with the mechanical supply of wood chips. Another group is households in rural areas, whose members often have farmers with wood chips as neighbors or friends. Only a relatively small group consists of environmentalists switching to energy systems with renewable energies. As will be seen below, this restricted market is involuntarily reinforced by the



strategies and visions of the central actors around the Chamber of Agriculture.



A Guiding Vision for Modern Biomass Heating Systems The central role of the Chamber of Agriculture can also be seen by taking a look at the historical development of this technology in Austria and the visions guiding it. When the first wood chip boilers were imported from Denmark in the early 1980s, they had to that time been used in the context of an oversupply of wood residues and consequently had low efficiency and high emissions. In Austria, some functionaries within the Chamber of Agriculture saw the chance of using such boilers to link the call for a higher proportion of renewable energies during the second energy crisis with rural development in Austria, because many small farmers and forest owners could profit from selling wood chips as “value-added” wood residues. They could persuade some small producers of agricultural machinery to improve and produce these boilers, and these firms indeed managed to significantly improve the handling and efficiency of wood chip boilers.
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The network that was formed around biomass boilers was thus based to a large extent on the preexisting network of agricultural organizations in Austria. As pointed out below, the context of this network strongly influenced the guiding visions for the further development of biomass boilers. The pioneering phase of this technology was accompanied by missionary activities (almost in a religious sense) of some exponents within the Chamber of Agriculture and organizations to promote renewables, leading to some kind of social movement for biomass boilers. In his interview, one of the early proponents within the Chamber of Agriculture pointed out the high emotional involvement both of himself and of his fellow promoters during the first phase of boiler diffusion in Austria. “We had a strong sense of ‘let’s just do it’ and of a mission to decrease our dependency on the fossil fuel markets,” he said. “Participation in our information campaigns was just gigantic—we often had more than 300 people attending our talks.” Everybody had a sense of departure and missionary zeal. “We felt like itinerant preachers and missionaries, we really could preach something new to people. Today it’s different—if you talk to people, the former news now is almost common knowledge.” Although things have changed in the meantime, certain visions of the future and certain meanings of these technologies were formed in these early times. As Dierkes, Hoffman, and Marz (1996) pointed out, such visions (or Leitbild, as they are termed in German) are of major importance in shaping technology. The main functions of visions are threefold (p. 43): •



•



•



collective projection, because visions bring together people’s intuitions and other types of knowledge about what appears feasible and desirable to them; synchronic preadaptation, because visions integrate various forms of perception of actors producing technical knowledge and align them in the same direction; and functional equivalent, because visions stand in for shared, binding rule systems that do not yet exist in the communication between representatives of different knowledge cultures.



Visions developed within the early “biomass community” in Austria can be identified at two levels: •



“visions of sustainability” at a socioeconomic level, which draw the picture of a future with re-



•
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gional, closed-cycle economies, the independence of fossil fuels, and a strong role of farmers. Biomass use is one of the key elements in such an economy because it stands for an energy system with closed cycles of material flow and carbon dioxide and because it provides an additional economic basis for farmers; and “the fully automated biomass boiler” at a technological level. Producers in particular but also promoters of biomass boilers had a strong sense that biomass boilers should work like modern oil central heating systems, otherwise they would not be accepted by consumers.



It is an interesting fact that a conflict for the further development of the biomass market was already contained in both of these visions. The vision of sustainability and support for farmers clearly favored boilers for wood chips that were supplied by a regional market of wood residues. Such a fuel market still had to be created and was often dependant on personal relationships with farmers. Consequently, this market was mainly restricted to rural areas or even to farm households. The preexisting agricultural network and its focus on wood residues (which create additional farm income) thus strongly shaped the market and the evolving sociotechnical system of biomass boilers. In contrast, the vision of the automated biomass boiler was modeled on the existing heating and boiler market. One of the consequences of this vision was that it favored highly standardized wood fuels, standards that in the end could be met not by wood chips but only by pellets from sawdust. In addition, the density is higher, and thus both the storage and the handling of pellets are easier. But a fuel base of this kind is not part and parcel of a regional economy of small farms with wood residues but of a forest industry with industrial suppliers of pellets. Although the market is finally taking off for pellet systems, the agricultural sector tried to hold back this development for a long time and push the case of wood chip boilers.



From Sociotechnical Mapping to Technology Policy Initiatives What is the use of sociotechnical mapping of this kind for improving technology policy initiatives to support the development and dissemination of sustainable energy technologies? Two examples out of a broad range of suggestions demonstrate the policy rel-
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evance of a sociotechnical systems analysis of biomass boilers. On a more general level, conclusions can be drawn from the dominance of agricultural organizations right from the outset. Modern biomass boilers have mainly developed within a system of agricultural organizations, the technical specification of these boilers is tailored to the requirements of farmers, the fuel supply system is mainly for farmers, and so on. It follows that in accordance with this development, the major proportion of modern biomass boilers is purchased by farmers. Although it is the aim of the Chamber of Agriculture to stimulate the dissemination of biomass boilers outside the agricultural sector, these efforts have had little effect to date because the organizational structures that surround biomass boilers have been made for farmers. Activities or political efforts to support the dissemination of biomass will have to take this situation into account and will have to strengthen network interactions, which transcend the agricultural sector. Young companies, such as energy service providers, are aiming at customers outside the agricultural sector. Several new regional energy agencies are also focusing on user groups outside these sectors and could act as new system builders for the nonagricultural dissemination of biomass. An example of a more detailed institutional analysis of the social network around biomass boilers and its possible policy relevance is the constellation of installers and manufacturers. As a survey in Styrian villages revealed, installers are the main source of information about heating systems for the rural population. Installers usually do not only install heating systems but also sell them as retailers. But installers rarely sell biomass boilers, generally preferring to deal in oil or natural gas boilers. The consequence of this for manufacturers has been to supply biomass boilers direct to the customer, thereby bypassing the installers. As Figure 4 illustrates, this strategy results in a deadlock situation between installers and manufacturers, which seriously restricts the broader dissemination of boilers. Manufacturers, who are presently too small to produce at reasonable prices, are not able to expand significantly as long as they try to supply local markets by direct retail. Because of this direct retailing of manufacturers, installers regard biomass boiler manufacturers as competitors and are confirmed in their preference for non–biomass boiler systems. This vicious circle situation is further aggravated because installers do not gain sufficient know-how to install



less capacity to supply markets; thus lower number of boilers produced and lower manufacturing efficiency
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higher prices of biomass boilers
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Figure 4. A “Vicious Circle” of Retailing Biomass Boilers



biomass boilers, which is a technically more challenging field than the installation of fossil fuel boilers. Strategies to promote biomass boilers must try to break up this constellation, for example by providing continuing education for installers in the field of biomass boilers or by integrating such qualifications into the vocational training of installers. Moreover, activities to set up a network of specially trained and certified installers for biomass boilers, who could get special promotion and publicity from energy advisers and other organizations, could also be a promising strategy to further integrate installers in the organizational network around biomass boilers for domestic heating.



Conclusions The two actor constellations sketched above—the preexisting network of agricultural organizations and the deadlock of installers and manufacturers—are just two examples of actor constellations that have been analyzed within the sociotechnical mapping of the system of domestic biomass heating. A number of further organizational aspects are revealed through sociotechnical mapping and are of vital interest for the dissemination of biomass boilers: the cooperation of manufacturers, the organization of a fuel supply infrastructure, and so on. An STS-based analysis of this kind reveals that interdisciplinary research combining technical expertise on the present state and possible further developments of boiler technology and social science approaches to analyze and influence the sociotechni-
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cal system may definitely contribute to the design of new instruments to support the development and dissemination of biomass technologies. Moreover, this kind of analysis points to the importance of interactive and participatory strategies of technology policy, strategies trying to strengthen actor networks, supporting interactions and cooperations of the organizations involved, and providing forums for discussions and joint activities. A technology policy of this kind can be an important complement to traditional policy strategies mainly focusing on technological research and development or on subsidies to reduce boiler prices.
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