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Tiivistelmä 
 Loppukäyttäjien rooli energiamarkkinoilla on muuttunut passiivisesta kuluttajasta 

aktiiviseksi energian yhteistuottajaksi. Muutoksen taustalla ovat energian 
pientuotantoteknologiat, jotka muuttavat kotitalouksien roolia energiajärjestelmässä. Tässä 
väitöskirjassa tarkastellaan energian tuottaja-kuluttajien ja pientuotantoteknologioiden välistä 
aktiivista vuorovaikutusta sekä järjestelmien ympärille rakentuneita uudenlaisia 
yhteistyömuotoja. Työ perustuu ja kontribuoi energian kulutusta, teknologian sosiaalista 
rakentumista ja käyttäjäinnovaatioita koskevaan tutkimukseen. Sen aineisto muodostuu 52 
haastattelusta ja suomalaisilla käyttäjäfoorumeilla vuosina 2011–2012 toteutetusta 
etnografiasta. Tutkimus pyrkii selvittämään, millaisia uudenlaisia aktiivisen käyttäjyyden 
muotoja uusiutuvan energian pientuotanto synnyttää. 

  
 Tutkimus osoittaa, että kotitalouksien energiajärjestelmät rakentuvat evolutionaarisesti: 

luottamus uusiin pientuotantoteknologioihin kasvaa vähitellen ja tuotantokapasiteettia 
kasvatetaan luottamuksen vahvistuessa. Uudet pientuotantoteknologiat tulevat usein 
lisälähteiksi vanhojen rinnalle, ja yhden uusiutuvan energiantuotantoteknologian käyttö johtaa 
helposti muiden uusiutuvien energialähteiden käyttöönottoon. Kyseistä ilmiötä voidaan kutsua 
kotouttamispoluksi. 

  
 Tutkimus valottaa lisäksi uudenlaisten energiayhteisöjen syntymistä käyttäjätukea 

tarjoavien internetin keskusteluryhmien pohjalta. Perinteisesti paikallisena pidetty 
yhteisöenergia voi ottaa hajautetun, virtuaalisen toimintamuodon. Yhteisöt tukevat 
pientuotantoteknologian kotouttamista ja käyttäjien innovatiivisia projekteja, jotka vaihtelevat 
tee-se-itse-kopioinnista täysin uusiin keksintöihin. Tässä tutkimuksessa tunnistettiin 192 
keksintöä tai muutosta, jotka joko paransivat pientuotantoteknologian järjestelmien 
tuottavuutta, sopivuutta, käytettävyyttä tai huollettavuutta tai alensivat niiden kustannuksia. 

  
 Kestävän kehityksen tukemisen ja uusiutuvan energian käytön lisäämisen kannalta on 

olennaista ottaa huomioon joustava sopeutuminen muutoksiin kotitalouksien 
energiajärjestelmissä. Energiapoliittisten säännösten avulla tulisi tukea järjestelmien 
riippuvuussuhteiden avaamista ja sellaisten järjestelmien käyttöä, jotka hyödyntävät useita 
uusiutuvia energialähteitä. Energiajärjestelmien valmistajille tämä tarkoittaa 
modulaarisuuden ja monikäyttöisyyden merkityksen kasvamista energian 
pientuotantoteknologioiden kehittämisessä. 
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1. Introduction 

1.1 Background 

Liberalization of the energy markets, the need for low carbon solutions, and 

volatile energy prices are changing household energy consumption. Over the 

past few decades the role of the citizen-consumer has gone through transfor-

mation from a captive consumer from monopolistic providers, to active partic-

ipants on the markets. In the first phase of liberalization households received a 

new role, that of the traditional position of consumer who can select energy 

provider from several options available in the national market. Soon, specific 

electricity products for ecologically conscious consumers became available, 

which made it possible for citizen-consumers to participate in environmental-

ly-sound systems of energy provision by selecting, for example, wind power as 

the energy source. In tandem with the above, the development of renewable 

micro-generation has gained momentum and households are increasingly in-

stalling energy technologies in their homes and generating energy for their 

own use and in many cases co-provisioning energy for other users over the 

grid. Consequently, households and communities have taken again a new role 

and become co-providers of energy and have driven energy provision towards 

decentralized generation (DG)(van Vliet 2006). 

A traditional centralized energy system gives only limited opportunities for 

energy consumers to significantly reconfigure their own individual routines of 

consumption (Southerton, Warde & Hand 2004). In the engineering and busi-

ness literature, household’s energy behavior easily falls into the broad category 

of Demand Side Management (DSM), where the primary purpose is to avoid 

environmentally- and economically-expensive supply investment of utilities. 

In this setup, the construct of the consumer ‘look(s) like kilowatt meter’ 

(Gellings 1996; van Vliet 2006). Similarly, the provision of micro-generation, 

micro-grids, distributed generation or local energy has predominantly been a 

topic for engineers and technologists, rather than social scientists (Strengers 

2013, p. 135). In studies of micro-generation and consumer behavior, the focus 

has been primarily on motivational factors, barriers of use, and early phases of 

installations and use (Ornetzeder & Rohracher 2006; Palm & Tengvard 2011; 

Watson 2004; Haas et al. 1999; Garrett & Koontz 2008; Caird & Roy 2011). 

However, the research focus has shifted towards the process of technology 

deployment (Devine-Wright 2011) and begun to suggest that the most interest-

ing aspects of consumer behavior occur once the energy technologies are in-
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stalled within the home. At the household level, decentralized energy technol-

ogy requires adaptation, learning of use, and changes in everyday practices.  

Users of renewable micro-generation are not a homogenous group of co-

providers of energy. Technologies and the level of engagement with technology 

varies greatly, and rigorous examination also reveals highly active groups of 

‘creative consumers’ (Berthon et al. 2007), ‘craft consumers’ (Campbell 2005) 

and ‘lead users’ (von Hippel 1986) who engage to build do-it-yourself (DIY) 

projects and create inventive solutions to make technology fit for a local con-

text. 

1.2 Aim of the Research 

Technological innovation is not just matter of research and development. Con-

sumption and use are equally important in the innovation process (Silverstone 

& Haddon 1998a). Understanding how technology is taken into use, used, ap-

propriated or even abandoned by many kinds of users can become critical in 

the course of an innovation trying to break into the mainstream (Williams et 

al. 2005; Heiskanen et al. Forthcoming). A knowledge of the different roles of 

end-users in energy technology diffusion processes could help to develop envi-

ronmentally friendlier products, enhance the adoption rate of these technolo-

gies, enable sustainable lifestyles and could help to develop a broader range of 

policy instruments to mitigate carbon emissions (Rohracher 2003, 2002). 

In this study, socio-technical change in the energy domain and active energy 

engagement with micro-generation technology is studied from a perspective 

that mixes sociotechnical studies of energy, the sociology of consumption, and 

innovation studies (Figure 1). The knowledge created seeks to be further rele-

vant for research on sustainability transition and the social shaping of tech-

nology in the energy field through its detailed examination of the user side of 

micro-generation and its role in technological innovation. 

 The study purposefully uses multiple research streams and traditions to ex-

amine energy prosumers. In fact, the present work demonstrates how these 

streams are often artificially separated and how they agreeably complement 

each other. By including different type of user groups (consumers, craft con-

sumer, lead users) enriches analysis and contributes back to above mentioned 

literature streams. The selected approach can help to understand behaviors 

that lead to lead userness and diversity and inventiveness of craft consumers 

that goes well beyond DIY-projects. 
!
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Figure'1.!The!Research!Area'

The study seeks to provide more nuanced knowledge on the energy prosumer 

role as co-provider of renewable energy. The aim of the study is to examine 

prosumers’ active engagement with renewable micro-generation technology in 

a residential detached housing context and look at different type of user 

groups, user roles, technology diffusion processes, and technological embed-

ding to everyday practices in households. Furthermore, the study follows and 

analyses development processes and support mechanisms of creative DIY pro-

jects that sometimes lead to a development of novel inventions. The research 

has been driven by the following primary research question:  

 

What kind of forms of active energy usership emerge with renewable micro-
generation?  

 
The exact research questions of this study are based on review of research lit-

erature and found research gaps, which will be outlined in Chapter 2 Table 4. 

Before moving on it is worth discussing why I use the term prosumer rather 

than user, consumer or citizen. Each term describes different roles and orien-

tations within the broader context of technology use, implementation and dis-
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design, user testing, user experience, user innovation). Often the term end-
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feature of engineering, consumption, and business research is that they tend to 

follow a model where activities and unit of analysis are divided to two different 

domains: production and consumption. Both user and consumer are actors 

that operate under the consumption domain. 

In earlier research, the active participation of households with regard to en-

ergy matters has been described as energy citizenship (Devine-Wright 2007). 

Energy citizenship can be driven by small-scale local production, but this con-

cept also includes social movements that, for example, organize community 

energy activities, such as group purchases of solar panels (Grönberg 2014), but 

do not necessary necessitate active usership with regards to micro-generation 

technology. Overall the term citizen is perceived as having a strong society or 

community building connotation, which takes the forms of demonstrations, 

boycotting or ethical shopping. Although these motivations can be associated 

with usage of household renewable micro-generation, the main focus of the 

present work is not to examine political agency.  

Instead, in the present thesis active usership with micro-generation technol-

ogy is central. All of the studied households were active producers of energy. 

Thus, I decided to use the term prosumer to avoid the presumption that the 

end-user is only using a product and consuming energy provided by other ac-

tors. In the case of micro-generation it is important to highlight the new role of 

households and communities as providers of their own energy, interaction 

with energy system having active engagement with energy technology. In some 

cases these households are also acting as energy co-providers for other energy 

users. By taking this role energy prosumers are transforming the energy sys-

tem and society towards sustainability and more distributed and shared par-

ticipation in the provisioning of energy. Usership can be understood to devel-

op towards energy prosumerism and especially toward a higher level of 

prosumption-as-consumption (Ritzer, Dean & Jurgenson 2012; Ritzer 2013; 

Toffler 1980)1 that has the consumption and production sides deeply inter-

twined and also wider societal implications.   

In technology oriented energy research, prosumption is an established term 

for small-scale producers in a smart-grid environment (Karnouskos 2011; 

Rathnayaka et al. 2011; Timmerman & Huitema 2009). Bremdal’s (2011) wid-

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

1!Alvin!Toffler!first!introduced!the!term!‘prosumer’!in!his!book!The!Third!Wave!(1980).!In!the!
book!Toffler!describes!three!types!of!societies!and!phases!of!waves!of!development.!The!First!
Wave!is!agricultural!society.!The!second!is!Industrial!Age!society!and!the!third!is!postM
industrial!society!where!most!countries!have!been!transitioning.!Consumer!roles!in!the!third!
wave!are!changing!radically.!Toffler’s!notion!of!prosumer!emphasizes!citizens’!shift!from!the!
passive!consumer!to!active!prosumer.!In!recent!work!Ritzer!(2013)!theorizes!prosumption!and!
points!out!that!prosumption!is!not!a!single!process,!but!rather!a!wide!range!of!processes!
existing!along!a!continuum.!The!poles!of!the!continuum!involve!production!redefined!
‘prosumptionMasMproduction’!and!consumption!as!‘prosumptionMasMconsumption’.!Thus!proM
duction!and!consumption!processes!always!interpenetrate!and!there!is!no!such!thing!as!eiM
ther!pure!production!or!pure!consumption.!To!put!user!activities!in!this!study!in!to!this!conM
tinuum,!microMgeneration!of!energy!can!be!understood!as!prosumptionMasMconsumption,!
whereas!DIY!activities!to!develop!microMgeneration!technology!is!at!the!other!side!of!continuM
um!and!can!be!understood!as!prosumptionMasMproduction.!
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er definition of prosumer describes well how the prosumer term is understood 

in the present thesis: 

‘A prosumer is a consumer that becomes resonant with the energy market 
through systematic actions and reactions that aim to increase personal or 
collective benefits’.  

In this definition interaction with the energy market is emphasized. It 

should be noted that resonance with the energy market takes place both in 

grid-connected and in off-grid situations. Selecting an off-grid prosumer role 

can be a deliberate action by households and communities to take action to 

disengage themselves from the network and the market where monetary ex-

changes take place. And finally, personal and collective benefits in this defini-

tion should be understood to include more than financial aspects.    

1.3 Structure of the Thesis 

This dissertation compromises four research papers together with an introduc-

tory part that consists of five chapters. There is a wide body of literature on 

household energy use and the point of departure in the first section of chapter 

2 is to both review different type of conceptualizations of consumer and par-

ticularities of consumption in network-bound systems,2 and to define renewa-

ble micro-generation as technology and the context of this study. The second 

section will introduce the most prominent research streams on organizing 

around technology, adopting and adapting technology. I will take an overview 

of cultural aspects of technology adaptation and use through technology do-

mestication theory and craft consumerism. The focus is first on everyday life 

and routines and how technology becomes part of it; here the domestication 

framework has been used to examine social embedding of technology in 

households. Then I take a step towards more active types of engagement with 

technology and explain how products and technologies are modified and used 

to create highly personalized products via DIY construction. The literature of 

craft consumption also helps to understand personal development trajectories 

and even more special types of technology relations and the creation of new 

solutions, which is an interest area in user innovation research. I will end the 

second section by taking an overview of the community aspect on user innova-

tion. The third section provides key insights from the existing literature and 

detailed research questions based on research gaps found in that literature. 

Chapter 3, ‘Methodology’, provides an overview of relevant Science and 

Technology Studies (STS) that are the background for this study and presents 

the used research approach. The chapter explains methodological foundations 

and discusses philosophical assumptions. Furthermore, the chapter outlines 

the research process, including empirical data collection and analysis of the 

study.  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

2 Large technical systems that are based on networked infrastructure. For example, electricity, heat (dis-
trict heat), water or sewer works. 
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The fourth chapter sets out summaries of the four research papers that have 

been included to this thesis and form the core of this dissertation. This study 

has been born out of extensive research during the years 2010-2014 and the 

selected four papers form a coherent ensemble focusing on active energy en-

gagement with micro-generation technology. The actual research work also 

included quantitative studies and mixed methods and had both a wider focus 

on consumer energy consumption (Heinonen et al. 2013a, 2013b; Jalas & Jun-

tunen 2013) and Life-Cycle Assessment (LCA) of heat pump technology 

(Mattinen et al. 2014). 

Chapter 5 explicates theoretical contributions of the research papers and dis-

cusses both managerial and energy policy implications. 
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2. Energy Prosumer Engagement with 
Renewable Micro-generation 

Household and community engagement with renewable energy technologies 

has received increasing attention in recent years because of climate and energy 

policy targets. In the following I will start by giving an overview of both gen-

eral assumptions on consumption, particularities of energy consumption, and 

how sustainable consumption has been approached in research. Micro-

generation as an energy provision technology also introduces new technologies 

and artifacts to households and I continue by introducing the most prominent 

approaches in order to understand both organizing around the technology and 

examining different type of user groups with various levels of engagement with 

technology.  

2.1 Domestic Energy Use and Micro-generation  

2.1.1 Conceptualizing Consumer and Consumption of Energy 

Two rather different understandings of consumer behavior have long domi-

nated the literature on consumption in the social sciences. The one, which be-

came more popular among social scientists after the Second World War re-

searched consumption and saw it as central to economic theory. Consumption 

was seen as the other side of economic equation; i.e. factory production was 

based on large-scale factory massproduction that provided goods for consum-

ers’ (mass) consumption. The consumer is ‘an active, calculating and rational 

actor, someone who carefully allocates scarce resources to the purchase of 

goods and services in such a manner as to maximize the utility obtained’. The 

other, depicts a passive, manipulated and exploited picture of the consumer. 

The consumer and consumption is largely ‘constrained’ (Campbell 2005). In 

this critical view, advanced industrial society is seen as  ‘one-dimensional soci-

ety’, which has ‘new forms of social control’ and consumers are tied to the sys-

tem, which systematically smothers their need for radical social change 

(Kellner 1983; Marcuse 2002, p. 3–87; Spaargaren 1997, p. 166). Don Slater 

has referred to these two opposite views as ‘the hero’ and ‘the dupe’ (Slater 

1997, p. 33).  Slater lists dichotomies, through which the consumer has been 

viewed: ‘Rational or irrational, sovereign or manipulated, autonomous or de-

termined, active or passive, creative or conformist, individual or mass, subject 
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or object’ (Slater 1997, p. 33). A more liberalistic image, i.e. heroic understand-

ing of a consumer, has gained greater momentum lately. During the past few 

decades the picture of the consumer has turned more towards an actor who is 

interested mainly in identity or lifestyle and selects goods with the specific 

intention of using them to create or maintain a given impression (Campbell 

2005).  

Consumers want goods, and demand theory is very central in the economics, 

but understanding the basics of why people want goods is something econo-

mist have avoided (Douglas & Isherwood 2002, p. 3). The question is also im-

portant because of the ecological impacts of consumption. Consumers’ tenden-

cy to seek always more to consume constitutes an important part of climate 

change and other environmental problems. Productivity increases in society 

are largely transformed into income increases, which are making possible 

higher levels of consumption, rather than increased leisure time. Over the last 

two decades or so, scientists of varied theoretical persuasions and diverse dis-

ciplinary backgrounds have been trying to provide answers to why this is hap-

pening. Explanations include economic, socio-psychological, historical, and 

socio-technological theories (Røpke 1999).  

For a long time, also, the literature on sustainable consumption has followed 

individualistic approaches in understanding consumers and seen them as ac-

tors who have power and a significant impact on the market by their own 

choices. For example, in 2002 OECD emphasized the importance of consumer 

choices of ‘selection, purchase, use, maintenance, repair and disposal of any 

product or service’ and changes in the behavior of individuals in its view on 

sustainable consumption (Campbell 1998; OECD 2002, p. 16; van Vliet, 

Chappells & Shove 2005, p. 3). Individualistic theories of consumption pro-

vided by economical and psychological studies have been criticized for their 

neglect of context and their reliance on rational, conscious decision making 

(Naus et al. 2014; Otnes 1988; Shove 2010; Spaargaren 1997; van Vliet, 

Chappells & Shove 2005, p. 3). Shove and Warde (1998) give an overview of 

the sociology of consumption that has a diverse set of explanations of why 

people consume as they do, and conclude that consumption is deeply associat-

ed with the sense of personality and arguably the majority of consumers are 

impelled to constant extensive consumption as part of a continuous creation of 

self-identity (Beck 2007; Giddens 1991) and social comparison. Furthermore, 

we always belong to certain a social group and produce and reproduce practic-

es within the group and by create own style, which however usually is no more 

than a playful expression of difference of taste. Consumption of products 

largely based on routines and norms, and thus consumption (technologies), is 

usefully understood as an outcome of practice: people consume in the course 

of accomplishing social practices (Shove & Spurling 2013, p. 26; Warde 2005).  

The consumption of ‘inconspicuous goods’ such as energy services and prod-

ucts, however, appears to be distinctive to a consumption of tangible personal 

goods, which have been the main focus of the sociology of consumption 

(Warde & Shove, 1998).  
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Energy systems have been characterized as Large Technical Systems 

(Hughes 1993) and public utilities dominated service provision from the late 

nineteenth century towards the 1980s (Graham & Marvin 1995; Guy & Marvin 

1998; van Vliet, Chappells & Shove 2005; van Vliet 2012). Energy systems 

share a number of very distinctive characteristics, and providers and consum-

ers are interdependent in rather special ways (van Vliet, Chappells & Shove 

2005, p. 7). Especially, inconspicuous consumption related to goods such as 

water and energy, provided by larger networked systems, appear neglected by 

both Individualistic as well as social theories of consumption (Shove & Warde 

1998; Spaargaren & van Vliet 2000). Before the 1990s understanding house-

hold energy consumption were dominated by models that took into account 

the physical characteristics of buildings and appliances, and that assumed typ-

ical consumer usage patterns (Lutzenhiser 1993). From the early 1990s inter-

est started to move towards the behavioral aspects of the occupant. Lutzenhis-

er (1993) criticized that behavior of the occupants of buildings has been seen 

as secondary to building thermodynamics and technology efficiencies and 

there are great variations in energy use among similar households because of 

behavioral differences. Consumption and provision of energy is a very complex 

system, with many moving parts. It is not easily reduced to simple explana-

tions (Lutzenhiser 2008). There are more concerns than solely consumers 

involved, such as wider systemic influences, the social system, and the culture 

in which people are located. These aspects should be taken into account in 

behavior. Energy consumption is the outcome of interactions between cogni-

tive norms, material culture, and energy practices (Stephenson et al. 2010). 

However, energy systems have started to change. Changing commercial, reg-

ulatory, social and environmental pressures have supported the institutional 

and technical unbundling of the systems (Graham & Marvin 2001, p. 139–177). 

The unbundling takes place in different parts and different levels. Regarding 

ownership, in many developed countries the regulator has forced the split of 

electricity production, transmission, and distribution in to separate compa-

nies. Traditionally publicly owned utilities have been partly or completely pri-

vatized. In electricity distribution the unbundling is materializing via the 

fragmentation of networks and the establishment of micro-grids (Graham & 

Marvin 2001, p. 139–177) (forced by law in many countries, e.g. Finland).  

Among environmental sociology, which is sub-discipline within sociology, 

the notion of 'systems-of-provision perspective' has made visible 'distinct set 

of imperatives governing different sets of commodities' (Spaargaren & van 

Vliet 2000). The systems-of-provisions perspective expects different commod-

ities to be distinctly structured by the chain or system of provision. This way of 

organizing supply unites a particular chain of production from the producer 

towards the consumer and a particular pattern of consumption, and there is a 

relatively strong vertical link in the process from production to consumption 

(Fine 2002, p. 175). This branch within the discourse of lifestyles and con-

sumption can be seen as the vertical 'system-of-provision perspective', where-

as the earlier discussed individualistic perspective is often referred as the hori-

zontal 'distinction perspective' (Spaargaren & van Vliet 2000). 
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Decentralized generation (DG) from renewable sources has started to gain 

momentum especially with the proliferation of residential solar PV installa-

tions, which have also changed the role of the consumer. Whereas the earlier 

role of consumer in mundane electricity and heat consumption was passive 

and resource consumption was inconspicuous, DG in households mixes the 

situation in a new way and challenges this view. Individualistic theories of 

consumption might suit rather well the consumption of energy technology 

(processes leading to the purchase of a product that has substantial price and 

expected pay back times) and in this new context, understanding of the use (or 

consumption) of energy technology at home has taken a step back towards the 

horizontal ‘distinction perspective’. Indeed, in the studies of micro-generation 

technologies, understanding of consumer attitudes and perceptions has been 

seen as defining success of diffusion (Faiers & Neame 2006; Schweizer-Ries 

2008) and researchers have seen it as crucial that consumers can overcome 

social barriers that hinder local small-scale energy generation or environmen-

tally sustainable domestic consumption (Garrett & Koontz 2008). Distributed 

generation has also rendered one’s energy provision from an inconspicuous 

good to a good that is flagrantly visible and can be strongly attached to one’s 

identity, such as the placing of solar collectors, solar PV or micro-wind on 

one’s roof even to an excess of one’s own consumption. Hence the traditionally 

dominating sociological theories of consumption may also hold new relevance. 

At the same time, the consumption of energy in the DG environment with tra-

ditional grid-connection also has influence on everyday practices and con-

sumption, which consequently also decrease consumed energy (Keirstead 

2007)3.  The consumption of energy in the DG environment thus presents an 

interesting terrain for rethinking and new research on the consumption of en-

ergy.  

To summarize, the sociology of consumption has provided very different, or 

even conflicting, ways of framing and conceptualizing consumption. These 

conceptualizations matter and there are practical consequences for the design 

and development of environmental policy (van Vliet, Chappells & Shove 2005, 

p. 4). The theories above have been developed to create understanding of con-

sumer behavior. In the case of domestic energy technology these theories, 

however, focus on consuming products and provide only one side of the equa-

tion. On this side, traditional green consumption logic applies rather well. 

People seek environmentally friendly alternatives to meeting their own special 

needs; some DG technologies are visible (Solar technologies on the roof) and 

take part in the creation of self-identity and social communication. Thus, en-

ergy technology is acquired, adopted, and used as consumption goods. Howev-

er, it is, in addition, a production technology for energy generation providing 

electricity or heat for own use and increasingly for other energy users. A 

prosumer type of participation in the market by households is becoming in-

creasingly common, and academic studies in engineering have recognized the 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

3 In Keirstead (2007) study installation of solar PV decreased household electricity consumption by ap-
proximately 6 % and shift demand to times of peak generation. 
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topic (Karnouskos 2011; Rathnayaka et al. 2011; Timmerman & Huitema 

2009), and research on energy policy has very recently paid attention to 

households and communities becoming co-providers or energy. A practice-

based perspective in network-bound-systems highlights the new role of con-

sumers as providers (van Vliet 2012). However, in the sociology of consump-

tion, the multifaceted role of co-provisioning of energy is a gap that is waiting 

for new theorizing where roles of individual consumption, prosumption and 

more invisible networked practices intertwine.   

2.1.2 Defining Micro-generation 

Decentralized generation (DG) of energy refers to the production of energy 

close to the place where energy is used. DG can mean a range of generator siz-

es; including both community or district level medium-scale deployments and 

small-scale generation by residential households (Allen, Hammond & 

McManus 2008). Micro-generation is the term given to small-scale local ener-

gy generation within DG, and it has various definitions, which vary from coun-

try to country. The key characteristics of these definitions are that micro-

generation occurs at a local scale, it can include both the generation of heat or 

electricity, or both, and it generates small amounts of electricity compared to 

centralized plants. Furthermore, there is often a requirement of environmental 

friendliness in the production. In Finland, Finnish Energy Industries empha-

size the local aspect of micro-generation by stating that energy generated by 

micro-generation is primarily for local use and secondarily for external use. 

Maximum power of the electricity micro-generation is set at 11 

kW(Energiateollisuus ry. 2009, p. 3)4. The UK definition of micro-generation 

has looser power limits. Under the Energy Act 2004, micro-generation is de-

fined as having a capacity of 45 kW for micro-heat (thermal) and 50 kW for 

micro-electricity. Most residential installations are smaller, and typical capaci-

ty is in the range of 2.5-3 kWpcs (Allen, Hammond & McManus 2008; 

Schoettl & Lehmann-Ortega 2011). The generated energy can be for the sole 

use of the building’s occupants or provided to other energy users.  

Various energy sources are used for micro-generation. The renewable 

sources include solar, wind, biomass (e.g. wood, wood pellet) power, and the 

utilization of outdoor and ground-source heat. Hydropower can also be built 

on a small-scale; the capacity defined as small, mini, or micro-hydropower5 

(Dudhani, Sinha & Inamdar 2006).  

Available technology alternatives, solutions and product models for micro-

generation are steadily increasing. An overview of micro-generation technolo-

gies by energy sources and technological alternatives is presented on Table 1.  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

4 Both the cited Finnish Energy Industry’s document and EN 50438 Requirements for the connection of 
micro-generators in parallel with public low-voltage distribution networks standard document imply small-
scale systems to connect to the grid with a maximum 3x16A fuse, which consequently implies 11kW max-
imum power.  
5 Micro-hydropower definitions of size and capacity differ from other sources, and a hydropower plant with 
the capacity of between 50 KW and 10 MW is still considered as a micro-hydropower (Kosa et al. 2011; 
Thornton & Monroy 2011). 
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!

Table'1.'Common!microMgeneration!technologies!by!source!and!function.!Adapted!from!(Akorede,!HiM
zam!&!Pouresmaeil!2010;!Thornton!&!Monroy!2011;!Juntunen!2014).'

Energy Source Energy Technology Output Power Type 

Hydro power Small hydro-turbines Electricity 

Wind  Micro-wind power Electricity 

Solar Solar PV Electricity 

Solar Solar thermal collector Heat (water) 

Solar Solar air collector Heat (air) 

Biomass: Wood Fireplaces Heat (air or water) 

Biomass: Wood Wood burning boiler Heat (water) 

Biomass: Wood pellet Wood pellet boiler Heat (water) 

Outdoor air heat (+electricity) Air-source heat pump Heat (air) 

Outdoor air heat (+electricity) Air to Water heat pump Heat (water) 

Various sources (e.g. bio-gas, wood, wood pellet) Micro-CHP/Stirling Engine Heat and electricity 

Hydrogen (from renewable sources) Micro-CHP/Fuel Cell Heat and electricity 

!

2.2 Adapting Technology and Organizing around Technology 

2.2.1 Placing Technology in Social Context 

People face technology in various forms, and pre-configurations of technolo-

gies formed by designers suggest certain roles for users (Hyysalo 2010). 

Standard products leaving shop shelves can be seen as generalizations that 

have been designed for specific target markets and target groups, but in final 

use context these products eventually meet contingencies of the local (social) 

context. The opportunities for active engagement with technology are shaped 

in processes that are common to technology development in general, but there 

are also technology-specific elements. Technologies shape organizations and 

vise versa, and technology and social context cannot be treated as separate 

categories (Williams & Edge 1996).  

In science and technology studies, technologies and social contexts are stud-

ied together. This can be done at many levels; macro (neo-marxist, feminist 

approaches: studies between technologies and large scale economical and po-

litical interests), meso (social shaping of technology: studies of interactions 

between organizations, including firm-level), or micro (ethnomethodology and 

actor-network-theory: studies of individuals and group actors) (Williams & 

Edge 1996). In the early 1990s Steve Woolgar studied design processes and 

paid attention how designers delimit the flexibility of machines and have par-

ticular users in mind in their design and testing work. Designers have the 

power to decide the form of the technology and they create a ‘configuration’ of 

the technology. Afterwards, users take the product into use in the certain con-
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figured form (Woolgar 1991). Along these lines continues Madeleine Akrich’s 

notion of ‘script’. Akrich suggested that in the design phase the designer antic-

ipates certain background and behavior of potential users prior to the product 

use, i.e. products are configured to meet certain users and use cases (Akrich 

1992). After these works there has been a significant amount of work that has 

elaborated matter of designers’ user representations and how designers con-

struct user representation. Knowledge acquisition is traditionally thought to be 

based on formal information gathering, such as through market research. 

However, the importance of informal channels via one’s own personal product 

use experiences (Johnson 2013; Kotro 2005)  or building on the generic vi-

sions future (Konrad 2006) have been recognized. In other words, the design-

er’s work is influenced by constructed user representations and in R&D the 

designer ‘pre-configures’ an artifact with certain a type of user in mind and 

tries to build in preferable ways for users to use an artifact (Hyysalo & 

Johnson Forthcoming; Hyysalo 2010, p. 247; Oudshoorn, Rommes & Stienstra 

2004).  

In tandem with Woolgar’s and Akrich’s work in the early 1990s, James Fleck 

studied social shaping of technologies at workplaces. These firm level, i.e. me-

so-level, studies revealed how technologies are built up to meet local contin-

gencies. There are configurations that are created from technological and non-

technological components to meet these contingences (Fleck 1993, 1994b, 

1994a). Fleck’s analysis of innovations emphasized processes taking place in 

their actual use environment, be they workplace or domestic settings. Accord-

ing to Fleck a diffusion of innovation is sort of ‘innofusion’ - in which process-

es of innovation and diffusion are collapsed together’ (Fleck 1993). The com-

monly used approach of product customization follows this logic and reduces 

the need for local customer-specific configuration work. In Fleck’s notion of a 

configuration, the generic system is transferred to the local situation with its 

ad hoc-ness and lack of systematicity, in which the system has to meet particu-

lar local requirements. The working configuration is characterized by the spec-

ificities of the application situation (ibid). Configuration here can be under-

stood as de-configuring and reconfiguring work (Hyysalo 2010, p. 247). Pre-

configuration is not as deterministic as it may look and users define roles of 

their own and use the product in creative ways that have not been defined by 

manufacturers (Rohracher 2005). A new product in a new context both de-

configures existing practices and leads to questioning of the inbuilt pre-

configuration to meet local circumstances, which consequently leads to re-

configuring, which can happen via adding, repurposing, and omitting certain 

functions (Hyysalo 2010, p. 247). To sum up, these two views on configura-

tions, notion of script and pre-configuring, emphasize designers imagined us-

ers or non users, whereas Fleck’s work emphasize the local environment and 

created configuration to meet certain specific requirements. 

In studies of renewable energy, the notion of configuration has been also dis-

cussed. Renewable technologies emerge through active development, linkages, 

and the alignment of various heterogeneous elements into working configura-

tions (Smith & Stirling 2008). To make visible diversity of renewable energy 
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deployments, Walker and Cass created an analytical socio-technical configura-

tions framework that divides systems in to differentiated technologies and the 

social and infrastructural organization around the technologies6. A technology 

is used to generate energy. Social and infrastructural organizations around the 

technology have different interacting arrangements and relations between 

actors and institutions. Table 2 summarizes the aspects of social arrangements 

in Walker and Cass configurations framework (Walker & Cass 2010, p. 47).  

Table'2.'Social!and!infrastructural!organization!through!which!renewable!energy!is!produced!and!used!
(Walker!&!Cass!2007,!2010,!p.!47).'

Function and service Ownership and re-
turn 

Management and 
operation 

Infrastructure and 
networking 

What is the energy 
being used for (Provid-
ing heat, light, mobility, 
IT services, food 
preservation etc.)? 

Who owns the 
technology and how is 
this ownership 
organized 
(privately/publicly/ 
collectively) – and at 
what scale (locally/ 
nationally/ 
internationally)?  

Who manages, controls 
and maintains the hard-
ware and how is this 
organized (private-
ly/publicly/collectively)(lo
cally, remotely)?  

Is the energy that is 
generated distributed via 
an electricity grid or heat 
network (off-
grid/community lev-
el/regional/national 
level)?  

Who utilizes these 
services and what 
physical and institu-
tional distance is there 
between the point of 
energy production and 
the point of service 
‘consumption’? 

What benefits (mone-
tary or otherwise) are 
returned as a conse-
quence of ownership? 

How is management 
regulated? Through 
what principles and 
mechanisms? 

What/who does this 
network supply? How is 
the network managed 
(locally/ distantly) (pub-
licly or privately with 
regulated market)? 

!
One of the key dimensions in the socio-technical framework proposed by 

Walker and Cass is ownership, which is an important control point of technol-

ogy and defines who gains the financial benefits from the technology. Owner-

ship, and consequently questions of control have an impact on self-reliance 

and energy autonomy. Rae and Bradley define energy autonomy as the ability 

of an energy system to function (or have the ability to function) fully, without 

the need of external support in the form of energy imports through its own 

local energy generation, storage and distribution systems (Rae & Bradley 

2012). This definition highlights functionality, energy balance, and self-

reliance of the system. However, energy autonomy can be seen more widely as 

a socio-technical concept, which also secures individual or community control 

to energy provision and gives freedom to make decision regarding future im-

provements and investments of one’s own energy supply. Energy autonomy 

builds resistance against vulnerability, and in the wider term the issue of ener-

gy justice (Day & Walker 2013), which is greatly dependent on established so-

cio-technical configuration. 

Walker and Cass’ socio-technical framework is developed to conceptualize, 

specifically, renewable energy and it takes into account different renewable 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

6 Walker and Cass use the terms hardwares and softwares. Because these are established terms in ICT, 
which is increasingly embedded and intertwined with energy systems, it is beneficial to use alternative 
terms. 
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technologies and particularities of different scales of deployments7. Whereas 

Fleck’s approach is to explain innovation processes and diffusion of innova-

tions in the Business to Business (B2B) context and the dynamic interplay of 

design and use, Walker and Cass focus on the organizational setup and the 

rather stabilized phase when a certain configuration has already taken its form 

(energy is generated with certain technology in a certain social organization). 

The former is optimal for understanding proliferation and subsequent devel-

opment of innovations during their ‘diffusion’, whereas the latter is better for 

revealing institutional and organizational setups and control points as they are 

formed.  

It should be noted that socio-technical configurations could make visible the 

different levels of company and consumer involvement in renewable energy 

deployment. This has a significant influence; for example, on the social ac-

ceptance of domestic micro-generation and therefore the market uptake of 

these technologies (Sauter & Watson 2007).  

2.2.2 Using Technology in Everyday Life   

Early innovation literature provided rather mechanistic and rational explana-

tions for how innovations are diffused (cf. Rogers 1962). The models were 

technologically determined and consumer research: academic marketing stud-

ies, economics and sociology had a hard time to integrate technology, needs 

and human beings and create general theories on technology adaptation 

(Pantzar 1997). During the 1980s sociology of consumption started to reject 

the ‘dupe’ type of view of consumer and suggested that consumers were doing 

more than simply resisting the pressures of advertisers and marketers. In the 

book Material Culture and Mass Consumption, Daniel Miller (Miller 1987) 

argues that consumption can be seen as a process in which general, abstract 

and alien goods could become transformed into something that is its very op-

posite (Campbell 2005). Once an object is purchased, the consumer recontex-

tualizes it, adds their own inseparable connotations to it and eventually the 

object becomes something, which could not be either bought nor given; it no 

longer has a commodity status (Kopytoff, 1986). Material presence generates 

possibilities of sociability and cognitive order, as well as engendering ideas of 

morality and ideal worlds. Thus, cultural practices should be seen as constitut-

ing a highly specific material presence and should not be reduced to mere so-

cial distinction (Miller 1987, p. 190–191). Along these lines originated a con-

cept of technology domestication (Berker, Hartmann & Punie 2006; Pantzar 

1997; Silverstone & Hirsch 1992), which represented a shift away from linear 

adaptation models. The domestication research approach was developed to 

account for the diversity and complexity of everyday life and technology’s 

place within its dynamics, ritual, rules and routines (Berker et al., 2006).  

Domestication research recognized that users played an active and decisive 

role in the construction of ways of using technologies and suggested that a 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

7 Smallest scale renewable technologies are items such as garden light powered by solar PV technology 
whereas the largest scale units are offshore wind farms or solar PV farms. 
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main emphasis should be put on the production of meaning and identity from 

artifacts. This was a major change from technological determinism, but was 

also a shift away from interpreting technologies as purposive tools (Sørensen 

2004). In the examination of the relationship between technology consump-

tion and domestic sphere, emphasis is on the dialogue between the psycholog-

ical, social, economic, and political factors around technology (Berker, 

Hartmann & Punie 2006; Silverstone et al. 1992). The dimensions or states in 

the domestication framework make visible these factors and the dynamic up-

take of the technology in the household. The initial analytical framework in-

troduced by Silverstone et al. included the following four processes: (1) appro-

priation, (2) objectification, (3) incorporation, and (4) conversion. In addition 

to these processes, Sørensen proposes to focus on cognitive processes related 

to learning of practice as well as meaning (Sørensen 2006). It should be noted 

that these processes do not follow each other in a linear manner, but rather the 

adoption of technology proceeds whereby several different processes advanc-

ing more or less simultaneously (Røpke, 2001).  

In the pre-adoption process, i.e. appropriation phase (sometimes called 

‘commodification'), commodities are constructed as objects of desire. This 

phase is reflected in perceptions of technologies and services, in how people 

imagine the role of technology in their lives as well as negotiations around, and 

sometimes resistance to, its acquisition (Haddon 2006). In this phase a tech-

nical object is sold and the household becomes the owner of the product or 

service (Silverstone et al. 1992, p. 21; Oudshoorn & Pinch 2007, p. 553). Objec-

tification is expressed in usage and in the physical dispositions of objects in-

side the home or in extensions of it. During the incorporation process, new 

technology or product is given a timetable of use. A consumed item is incorpo-

rated into the personal and social identity of the consumer (Gell 1986, p. 112; 

Hirsch 1992). At the same time, new interpretations of technological systems 

are created that often diverge from those originally inscribed in them (Ba-

kardjieva & Smith, 2001). The fourth process in the domestication framework 

is conversion, where the private technological object enters back in to the pub-

lic domain and become a tool to make status claims and express lifestyle 

(Silverstone & Haddon 1998b, p. 46). The question is how the meaning of 

technology is shared with the outside world. Thus, in the appropriation and 

conversion processes, emphasis is on the symbolic meaning that an artifact 

has, whereas during the objectification and incorporation processes, the mate-

rial expression of the symbolic meaning of the artifact is more relevant (Hynes 

& Rommes 2006). Cognitive learning processes can be seen as developing con-

currently and overlapping with all of these processes (Hyysalo 2009; Sørensen 

1996). 

The main advantage of the domestication concept is that it sensitizes the re-

searcher to examine the complexity of integrating an artifact into a dynamic 

socio-technical setting, like the household, the workplace, or society8. The re-
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

8 In ‘Domestication of Media and Technology’ Sørensen describes two slightly different research streams 
of approaching the domestication of technology (Sørensen 2006). The group in Trondheim approached 
exploring technology in everyday life from the technology studies and actor-network theory (ANT) per-
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search on domestication has covered various technologies and lives of particu-

lar social groups, such as teleworkers, lone parents, the young, elderly, and 

dual income households (Haddon 1999). The early studies in the early 1990s 

were interested in information and communication technologies (Silverstone 

& Hirsch 1992; Haddon 1994; Lie & Sørensen 1996; Aune 1996) and television 

(Haddon & Silverstone 1996). Domestication also gained interest among re-

searchers in Finland, where that which most notably deserves attention is Mi-

ka Pantzar’s publications (1996, 1997) on the more generic approaches to ana-

lyze the taming of technologies. Berg (1997) studied the use of telecommunica-

tions, in particular voice messaging systems, but when new technologies 

emerged and gained momentum researchers interest developed accordingly. 

For example Leslie Haddon studied Internet use in 1999, which at that time 

meant generic Internet browsing (Haddon 1999). 

For the first time the domestication of an energy technology was studied by 

Margrethe Aune in Norway (Aune 2001). Her study on Ebox, a technology 

developed to monitor and administer residential electrical equipment, is still 

today a rare example of energy technology-specific domestication research. 

Later, after 2005, domestication studies have spread to new technology areas. 

For example, health technologies has been studied (Hyysalo 2004; Pols & 

Willems 2011) and probiotic functional foods (Janasik 2011).  

To summarize, the domestication concept was originally used in British 

studies to provide a framework for thinking about ICTs in the home (Haddon 

2006). In Norwegian and Finnish strands, wider sets of technologies and use 

situations have been studied. However, before the present study, the domesti-

cation framework has been rarely used for infrastructure types of technologies, 

such as energy generating technology. This is because the sociology of con-

sumption has not been especially well equipped to deal with domestic infra-

structures supporting the evolution of normal standards of daily material life 

(Shove & Warde 1998). Now that energy technologies are breaking away from 

the infrastructure role with small-scale domestic technologies run by house-

holds themselves, a new avenue opens up for researchers where lessons from 

different streams of domestication studies can be utilized.  

2.2.3  Craft Consumer and Design for Own Use 

Domestication studies eliminated the artificial divide between design and use, 

and demonstrated how design and domestication are actually ‘the two sides of 

the innovation coin’ (Lie & Sørensen 1996, p. 10; Oudshoorn & Pinch 2007, p. 

554; Silverstone & Haddon 1998a, p. 46). At this, there are significant differ-

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

spective having more focus on development of technology (design) emphasizing concept of script in 
technology (Akrich 1992; Latour 1992). The other group of researchers in the UK came from a media 
studies background and concentrated on a home domain and ICT technology, whereas the Norwegian 
STS approach was more widely applied to technologies, such as a car (Hubak 1996), and technologies 
used also elsewhere than at home, such at workplaces. These two fields of inquiry do have their different 
analytical focus, but are similarly interested on the processes of how technologies are culturally appropri-
ated to become fully functional (Sørensen 2006). 

!
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ences on how people adopt technology, engage with it, and how far they go 

with adaptation (Shove et al. 2007; Caird & Roy 2008). Sometimes user activi-

ties go well beyond personalizing or customizing products.  

Well-known is the hacker culture with regard to computer technology. In 

1976 Weizenbaum recognized how some computer programmers take a very 

passionate approach to programming, iterating quickly without documenting 

changes. Weizenbaum’s ‘compulsive programmer’ is a rather critical descrip-

tion of engineers who are lone and prefer to communicate with machines ra-

ther than with people. The purpose of hacking may not necessarily aim to solve 

the problem, but to use time with a computer to bend it to his will (Weizen-

baum 1976, p. 116–117). In studies of domestication a similar rather passionate 

relation to technology has not gone without notice (Aune 1996; Håpnes 1996). 

When studying domestication of computer technology Aune (1996) recognized 

a specific group of consumers that are passionate about the computer and in-

terested in their development. They use a significant amount of time to follow 

the computer scene, learn new and try new. The group of ‘explorers’ uses com-

puters at work but they are also a hobby at home9. Indeed hacking of software 

and computers in general are the most well known examples of active consum-

ers who make significant modifications, additions, or create new product de-

sign. In a 2005 article, Campbell introduced notions of ‘subversive customiza-

tion’ and ‘craft consumer’ to explain active engagement with technology and 

products. In subversive customization, standardized products are adapted or 

employed in ways other than those intended by the manufacturers. In this 

case, the user goes against the designer’s pre-configuration (2.2.1). The notion 

of craft consumer goes beyond this point and is described as an active con-

sumer motivated by a desire for self-expression and he/she shapes material 
dimensions of product by bringing skill, knowledge, judgment and passion 

(Campbell 2005). 

A craft consumer typically takes off-the-self products and uses these as raw 

materials for creating a new product for own use. Campbell asserts that in the 

postmodern model a consumer has an overwhelming concern with image, life-

style or identity, but according this ‘active view’ a contemporary consumer is 

not simply the helpless puppet of external forces.  We can rather assume that 

individuals consume principally out of a desire to engage in creative acts of 

self-expression. These consumers have a clear and stable sense of identity that 

gives rise to their distinctive mode of consuming and not trying to create, or 

even necessarily to maintain, a sense of identity (Campbell 2005)10.  

The notion of craft consumption has proved its usefulness in research on do-

it-yourself (DIY) projects. Watson and Shove’s research on amateur home im-

provement opens with a brief historical background of DIY in the UK. Until 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

9 Aune describes how the computer hobby takes up a significant amount of time and causes tension in-
side families. To ease the tensions most explorers have negotiated a space for computer work that does 
not exceed their families’ tolerance. 
10 Campbell does not deny that consumption activities may relate to issues of identity but refutes the 
postmodern assumption that consuming is motivated by a desire to create identity (Campbell 2005, 
2004). 
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the 1970s commercial power tool manufacturers and retail poorly supported 

amateur homebuilders and they had no choice but to buy expensive profes-

sional tools that can be used for one’s own project work. Later, dedicated 

cheaper and lower quality tools and tool rentals were developed to meet ama-

teur needs, which has had a great influence on the proliferation of DIY activi-

ties (Watson & Shove 2008).  In many countries, the school curriculum has 

included technical courses that have provided basic knowledge and skill to 

work with wood and metal material in DIY projects.  

Berthon et al’s notion of the ‘creative consumer’ is very similar to the craft 

consumer: ‘The creative consumer as an individual or group who adapts, mod-

ifies, or transforms a proprietary offering, such as a product or service’ 

(Berthon et al. 2007). According to recent country studies, 2.5-4.5 % of con-

sumers modify consumer products (von Hippel, Ogawa & De Jong 2011)11. 

Whereas the sociology of consumption is mainly interested in explaining how 

creative users make DIY, interest in the creative consumer discussion has been 

on how companies can utilize this particular group of users. Support products 

and services have emerged for creative consumers, such as maker and crafting 

magazines and websites (Anderson 2012, p. 237). These developments have 

supported the emergence of DIY and the active modification of products in 

various areas, and there has also been attempt to quantify the scale. Mass cus-

tomization has equally capitalized on surplus value matching the individual 

specific needs of customers with manufacturers’ customization capabilities to 

produce goods and services at the stage of physical or online retail (Tseng & 

Jiao 2001). For further commercial utilization, a concept of the living lab12 has 

been proposed as one possible co-operation approach between different kind 

of active users and companies (Leminen, Westerlund & Nyström 2014).   

Homeowners have to accept new technology within their household in the 

case of micro-generation technologies. Current generations have grown up 

with an environment and an assumption of constant seamless energy supply. 

Centralized supply hides the energy generation phase, technologies and their 

detriment. Micro-generation takes energy generation close to its final use and 

requires social acceptance from households. With most micro-generation 

technologies this also requires a more active user role than traditional central-

ized energy supply (Sauter & Watson 2007). In the process of adapting tech-

nology, users often start to tinker with the technology and make changes to fit 

the technology better for local conditions. Some users look for cheaper solu-

tions than the commercial off-the-shelf can offer and use their own time and 

effort to build a tailored solution. To date, published academic studies on DIY 

or craft culture with domestic energy technologies is next to non-existent.  

Domestic energy technologies and micro-generation products have some 

particularities in comparison to many consumer goods. Whereas craft activi-

ties in household renovation have become mainstream and generate increased 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

11 The study was carried out in the UK, USA and Japan. 
12 Living lab is a co-creation ecosystems for human-centric research and innovation, where products and 
services that are validated in collaborative, empirical real-world environments with users(Kusiak 2007; 
Leminen, Westerlund & Nyström 2014). 
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demand for a wide range of consumer goods and services from paint to spe-

cialized tools, starting a user project based on old product, such as air heat 

pump, and modifying it for alternative purposes, such as for air-to-water heat 

pump use, is rather specific niche activity and has not attracted commercial 

vendors to provide specific craft tools. However, many standard amateur tools 

for electrical and mechanical work make it possible to start modifying existing 

products. In the most advanced projects, for example with heat pump technol-

ogies and cooling gas related issues, active users have to rely on professional 

tools. 

The work on the sociology on consumption discussed above provides valua-

ble insights to understand user practices and users’ active engagement with 

technology. It has not, however, explicitly engaged with users as innovators, 

even though it does lay the ground for understanding how some users learn 

and develop towards so-called lead userness and develop innovative solutions.  

2.2.4  Users as Innovators  

Within innovation studies, the basic starting point used to be that innovations 

are mainly developed by product manufacturers (Oudshoorn & Pinch 2007, p. 

542). The innovation literature was for a long time very supply-side centered 

(Rothwell et al. 1974). In more recent research, more versatile an understand-

ing of users and users’ role has however developed. In Perspectives on User 

Innovation Flower and Henwood describe how research began to make visible 

more active user groups such as ‘tough customers’13 (Gardiner & Rothwell 

1985). Users are not passive recipients of technologies and products who 

change their behavior and identity themselves when called upon, but their role 

should be seen to be more active in the development (Hoogma & Schot 2001, 

p. 216). Von Hippel pointed out that in some cases users rather than manufac-

turers dominated innovative activity (von Hippel 1976, 1988). A stream of user 

innovation research emerged from business schools and started to gain mo-

mentum. The user innovation approach emphasized how users develop new 

uses and techniques or completely new products and solutions (Hienerth 

2006). 

The notion of lead user is central in user innovation research (von Hippel 

1986). According to the lead user theory, lead users create novel or enhanced 

product, process, or service and display two key characteristics with respect to 

it. First, they are ahead of a trend and face needs before the bulk of that mar-

ketplace. Second, they expect to get high benefit by obtaining a solution to 

those needs (Herstatt & von Hippel 1992; Franke, von Hippel & Schreier 

2006). Various types of lead user characteristics have been hypothesized and 

tested. For example, community-based resources have been found to be im-

portant to recognize lead users (Franke, von Hippel & Schreier 2006). The 

technical background (i.e. technical expertise) of the lead user can be also im-

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

13 Some users may demand high quality and reliability that provides stringent design stimulus to the pro-
ducer. These users can be used as a partner in the design and development process. Gardiner and 
Rothwell’s (1985) examples were from the aviation industry. 
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portant (Franke, von Hippel & Schreier 2006), but do-it-yourself learning can 

also lead to the development of user innovations (Voss 1985). 

The potential of lead users has been recognized in business. Lead users could 

be harnessed to benefit firm innovation processes. This group of users know 

the limitations of the technology and try to solve their own problems by in-

venting (von Hippel 1986). Thus, product manufacturers, service companies, 

and installers may examine the inventions of users from the view of market 

demand. User inventions point to gaps in the local market and demonstrate 

specific requirements. Properly organized cooperation with active users can 

potentially result in new business models and novel products (Mollick 2005). 

There are several possibilities for co-operation. If co-operation is with a lim-

ited number of lead users and local activity, lead users can be invited to work-

shops to chart the future development (Churchill, von Hippel & Sonnack 

2009). Crowdsourcing (Howe 2006; Brabham 2008; Howe 2009) can be used 

to enable wider participation to find creative solutions from a distributed net-

work of individuals. As crowdsourcing is based on a web-based model, it 

makes interaction possible even on a global scale. 

Within research on the renewable energy domain, research on user innova-

tion has occurred relatively recently. Ornetzeder and Rohracher studied user-

led innovation processes in biomass heating systems and solar collectors in 

Austria. They also examined community energy types of grassroot initiatives in 

the residential housing sector in Germany. These projects demonstrated inno-

vative ways of organizing local co-operation in creating sustainable housing 

energy projects (Ornetzeder & Rohracher 2006). Further research along simi-

lar lines has focused on community level action and grassroot niche innova-

tions, especially in the UK (Hargreaves et al. 2013; Hielscher, Seyfang & Smith 

2013; Seyfang, Park & Smith 2013; Seyfang & Smith 2007).  

Individual users often freely share their innovations to be utilized by others. 

Diffusion can happen via adoption by peers be they hobbyist (Hienerth 2006), 

professionals (von Hippel & DeMonaco 2013), or companies (Allen 1983). Alt-

hough research on non-commercial activities started to gain interest in the 

early 2000s and, for example, open source software development received 

significant attention (von Hippel 2001; Franke & von Hippel 2003; Lakhani & 

von Hippel 2003; Jeppesen & Molin 2003; O’Mahony 2003; von Krogh, 

Spaeth & Lakhani 2003; von Krogh & von Hippel 2003), the focus in the user 

innovation research stream has been on the users or user companies and in 

the inventive activity, which aims towards commercial utilization. Commer-

cialization of the invention happens through productization via entrepreneur-

ship (by becoming a user-manufacturer), licensing, or via other types of firm-

based models, whereas research on grassroot innovations in sustainable ener-

gy projects takes a more sociological approach and focuses on issues such as 

local practices, collective action, and new social infrastructures built around 

the technologies and solutions (Seyfang 2009). 
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2.2.5 Communities Supporting Active Users and Innovations 

In the case of company R&D, the development rarely relies solely on internal 

personnel and experts. In typical R&D projects, companies both co-operate 

with other companies and use outsourcing. Innovation does not happen in 

isolation but can be rather characterized by iterative processes with collective 

learning (Williams, Stewart & Slack 2005, p. 110). Also, inventive users require 

the assistance of others in developing their innovation and it is essential for 

them to develop their own knowledge and skills and to get assistance from 

peers (Franke & Shah 2003; Jeppesen & Molin 2003). 

Before going to the particularities of user innovation communities, let us 

have a look at the concept of community in more generic terms. Community is 

an ambiguous word with multiple meanings. What counts as a community is 

often specified by the spatial boundaries of a particular geographical area 

(Haddon 2005, p. 12). However, recent literature has started to allow wider 

definitions of community, taking into account specifics of virtual communities 

enabled by the Internet (Füller et al. 2006; Fuller, Jawecki & Muhlbacher 

2007; Fuller 2006).  

User innovation research started to recognize the importance of user com-

munities in early the 2000s (Franke & Shah 2003; von Hippel 2001). The re-

sults of the study showed how innovative users freely give assistance and re-

veal their innovations to the other participants in user communities (Franke & 

Shah 2003) in a gemeinschaft (cf. Tönnies 2001, p. 22–51) manner. Similar 

free revealing and contribution among participants is a cornerstone in open 

source development (Benkler 2006, p. 60). A community of active hobbyist 

can be an important phase in a new product category creation or development 

of new industry (Hienerth 2006). In many domains, user innovators’ ways of 

organizing can be described as a community-of-practice (Heiskanen et al. 

2010). The term community-of-practice was introduced by Lave and Wenger 

(Lave & Wenger 1991) in the early 1990s and further elaborated in Wenger’s 

1998 book Communities of Practice: Learning, Meaning, and Identity 
(Wenger 1998). Community-of-practice refers to a group of people with simi-

lar hobbies or profession who have a common interest in a particular domain 

or area. The communities of practice literature imposes that the process of 

sharing information and experiences between group members is the key pre-

requisite to organizational learning (Wenger 1998; West & Lakhani 2008). 

Computer-mediated communications (CMC), including user online forums 

and social media services, has dramatically changed the scope, scale, and effi-

cacy of peer production. Peer production does not rely on markets or on man-

agerial hierarchies to organize activities. People participate in projects based 

on their free will and a networked environment makes possible a new modality 

of organizing production, which is decentralized, collaborative, and nonpro-

prietary. Projects are based on sharing resources, knowledge and outputs be-

tween co-operating individuals without relying on either market signals or 

top-down managerial guidance. Benkler calls this model ‘commons-based peer 

production’ (Benkler 2006, p. 60). The exact community characteristics of 

computer-mediated forms of peer production can be complex and blend sever-
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al forms that have also been identified before in ‘non-virtual’ communities 

(Johnson et al. 2010; Freeman, 2012; Johnson, 2013) and are thus subject to 

research interest on their own, not least because their variation regarding the 

topical area tends to be considerable. 

The importance of changing forms of community and collectivity through 

CMC is today salient in distributed energy production – an area that was long 

characterized by traditional geographical boundaries. In this traditional view, 

the concept of community is understood as a group of energy actors with short 

physical distance between each other (Seyfang, Park & Smith 2013). Further-

more, two key dimensions typically define community energy. First is a pro-

cess dimension and this is concerned with who is developing, running and 

controlling the project. Second is an outcome dimension and concerned with 

how the outcomes of a project are spatially and socially distributed (especially 

benefits in economic and social terms) (Walker & Devine-Wright 2008). In 

this definition, community is defined as an open and participatory organiza-

tion that is working in a collective manner and is local; i.e. operating inside a 

particular geographical area. A third strand of energy communities has 

emerged through CMC in recent years and should be duly reflected in re-

search. Energy community can be dispersed and work collectively and take 

virtual forms. Micro-generation users typically live in suburban or rural areas 

without connection to gas or district heating. Thus, invention-prone micro-

generation users are often geographically dispersed and CMC can be an essen-

tial tool to find other users with similar interests. This theme has been explicit-

ly taken on in Papers 3 and 4 of this dissertation.   

2.3 Summarizing the Perspectives on Active Engagement with Mi-
cro-Generation Technology 

2.3.1  Technology Engagement Levels and Categories of Users 

The previous sections have provided an overview of studies and approaches 

that focus and create knowledge of different user groups using and creatively 

appropriating technology.  The roles of domestic energy users can be various, 

from captive to active customer, in the liberalized energy market. On the other 

hand, in the renewable projects the roles of ordinary people can be extremely 

diverse: from service user, financial investor, local beneficiary, project protes-

tor, project supporter, project participant, technology host, or co-provider 

(Walker & Cass 2007).  

The role of co-provider in using micro-generation requires more nuanced 

examination, and it is possible to recognize very different types of subgroups, 

categories or sets of users regarding the level of engagement with the technol-

ogy. The literature identifying and positioning different categories of micro-

generation users is rather scant. Two studies can be found to address this. 

First, Heiskanen et al. (Heiskanen et al. Forthcoming) identified a heterogene-

ous set of users in the present Finnish market of heat pumps ranging from 

hapless users to lead users. Table 3 gives summaries of the different categori-

zations presented in the study. Second, Abi-Ghanem and Haggett (2011) ex-
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amined solar PV in the social housing context in the UK. The latter study typi-

fied categories based on interest, trust, knowledge and objective. It is notewor-

thy that social housing is a special type of context. Because inhabitants did not 

own the system, the most active form of usership that required modifications 

to technology did not emerge. The households did not make the decision to 

install micro-generation themselves, which led to the emergence of distin-

guished categories of ‘passive’ and ‘active’ non-user.  In general, the term non-

user refers to a person who does not use or benefit from the technology. Alt-

hough local micro-generation is impacting on everyone in the household by 

providing renewable energy, a single member of the family might be do the 

decision making regarding the acquisition and use of the technology. In fact, 

the rest of the family may lean towards rather passive roles. 

Table'3.'Categories!of!renewable!microMgeneration!users!(Heiskanen!et!al.!Forthcoming)'

Type of user category Description 

Innovative lead user User actively and purposively engages in product development. Aim can be 
idiosyncratic, but may actively aim to influence the market of the technology 
in one way or another. User may commercialize own designs by own or 
attempt to get manufacturer to include it in the product range. Involves lim-
ited use of commercial services, because user installs appliances 
him/herself. Hence, user may not directly influence the service market.  

Local experts  User does not usually engage in DIY projects or stretch the boundaries of 
existing solutions. Because of this, he/she uses the range of services availa-
ble, including installation and maintenance, and thus user knowledge may be 
of even higher use for the less advanced potential adopters. User may be a 
demanding customer and hence influence both product and service markets. 
User also has an important role in giving advice to other users, both via 
online forums and personal contacts. Users actively monitor their own sys-
tem and share performance data online or within their own circles. At the 
very least, user set a good example of active usership to other users. 

Competent users User actively seeks advice and educates him/herself. However, the user 
does not actively seek to gain ultimate technical potential of local energy 
technology. Due to a little perseverance, good advice, learning-by-using and 
some good luck, user is satisfied with the performance of the system. User is 
also fairly well off and do not have to settle with the cheapest solution and 
can afford to get professional help if problems arise. 

Hapless users User may be beginner, who has not yet developed the necessary routines or 
has inherited the system from the previous homeowner. User may have 
been convinced by a single persistent salesperson, or thinks the technology 
is so mature that it requires no attention or active management by the user. 
User may discover problems in time, and complain or ask for help on online 
forums, from professionals or from friends. User may never discover that the 
system is far from ideal, and problems only come up through studies or 
experts’ reports. This can be due to lack of technical competence, but also 
due to other pressing problems or exciting life events. It is important to rec-
ognize that also the hapless user has an important role in product develop-
ment. They show what still remains to be done to make micro-generation 
technology an ordinary product for everyone. 

!

There are no clear cuts between the user categories. The roles of users vary at 

different times and places. Engagement with the technology does not only in-

crease and develop towards higher lead userness. Energy prosumers may be 

motivated to help others and be active and take a local expert role (Stewart 

2007) when sufficient knowledge and expertise is acquired. After a few years 

the role may turn back to competent user or even towards hapless user. Being 

a lead user is a very special role, which requires staying ahead of the trends 

taking place in certain technology (domain) development. It is only natural to 
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move on to other hobbies and ‘just use’ micro-generation technology for gen-

erating energy for daily needs. 

Ownership of micro-generation matters and, for example, the social housing 

rental apartment context does not give similar opportunities for inhabitants to 

develop towards very active forms of usership. Figure 2 sketches the positions 
of micro-generation user categories in Table 314 based on degree of activity 

and model of ownership. 
!

!

Figure'2.'Categories!of!microMgeneration!users!and!deployment!models!(Sauter!&!Watson!2007).'

In both innovation diffusion studies and renewable energy related literature 

the group nonusers has received great interest. To proliferate a technology it is 

important to understand why a certain technology is not taken into use. Obvi-

ously to study an active engagement with a technology in everyday life this 

group cannot be addressed directly. 

Nonusers are not a homogeneous group that simply rejects technology. Sally 

Wyatt and colleagues reconceptualized the category of nonuse into four differ-

ent types of nonusers: the excluded, resisters, rejectors, and the expelled (Wy-

att, 2003; Wyatt et al., 2003). The first two groups have never used the tech-

nology and the later two groups have initially been users but stopped using it 

afterwards. The first group of ‘excluded’ have never used the technology be-

cause they cannot get access to it. There can be social or technical reasons that 

hinder the use. The group of ‘resisters’ has never used the technology because 

they do not want to. ‘Rejectors’ have been using the technology but do not use 

it anymore (the technology is considered boring, expensive, or there are more 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

14 A group of craft consumers is added the picture. Craft consumerism and DIY activities can be seen as 
a necessary bridge to lead userness. 
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suitable alternatives available). The fourth group the ‘expelled’ has stopped 

using the technology involuntarily because of cost or the loss of institutional 

access. These categories are mostly valid with renewable micro-generation, 

although the group of expelled might not be relevant because institutional ac-

cess in local energy production is not typically an issue and cost is only rele-

vant in relation to alternative ways of providing energy, i.e. changes in energy 

pricing might make certain micro-generation redundant in economic terms 

which leads to nonuse situation. 

2.3.2 Gaps in the Current Knowledge and the Research Inquiry of this 
Study 

Understanding how local micro-generation is organized and how technology 

appropriations develop towards highly inventive outcomes has important im-

plications for the regulatory environment and product design. In-depth un-

derstanding of the local micro-generation environment could help address, for 

example, regulation, standards, and economic incentives at various levels. Fur-

thermore, the designs by individual, groups, or communities are likely to open 

up social options that follow development trajectories toward democratic 

technologies (cf. Mumford, 1964) and improved energy justice. 

The literature review shows how both sociology of consumption and innova-

tion research have addressed different groups of active technology users, their 

activities and processes of actively shaping technology. The summary matrix in 

Table 4 in highlights the key insights of the literature review and identifies 

research gaps in the micro-generation context. 

Table'4.'Research!questions!versus!the!key!insights!and!research!gaps!identified!in!the!literature!review.'

 
Socio-technical 
Configurations 

Domestication and 
active consumption 
of Technology 

User Innovations Internet Commu-
nities 

Key 
Insights 

Users of technolo-
gies create configu-
rations to meet 
certain specific 
requirements. Walk-
er and Cass (2007) 
have developed 
generic theoretical 
socio-technical 
framework that 
includes both tech-
nological and organ-
izational aspects 
making visible the 
multitude of configu-
rations around the 
renewable energy 
deployments. 

The domestication 
framework has been 
developed to under-
stand technology 
adaptation processes 
where technology 
becomes part of eve-
ryday life. The frame-
work has been used 
for lives of particular 
social groups and 
mainly for ICT tech-
nologies, but also for 
other technologies, 
such as health tech-
nologies. Individuals 
or groups of ‘creative 
consumers’ and ‘craft 
consumers’ adapts, 
modifies, or trans-
forms off-the-shelf 
products and use 
these as raw materials 
for creating a new 
product for own use. 

User Innovation is 
reported in various 
fields. The propor-
tion of user innova-
tions can vary from 
next to none to up to 
80 % found in surgi-
cal instruments. 
Inventions by users 
tend to be highly 
concentrated on few 
user inventors, 
typically represent-
ing less than 0.1 % 
of total user popula-
tion.  

Inventive users 
tend to get help 
from their peers, 
and this help is 
often vital for 
realizing their 
designs. Research 
on peer-to- peer 
networks has 
been active, in-
cluding open 
source develop-
ment, crowdsourc-
ing, and variations 
of the open design 
movement. In 
many domains 
innovating users 
are deeply em-
bedded in com-
munities of prac-
tice or have orga-
nized design-
oriented networks 
within them. 
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Re-
search 
gaps in 
micro-
genera-
tion 
context 

Analytical practical 
tools for analyzing 
socio-technical 
configurations re-
quire development. 
A review on socio-
technical configura-
tions specifically on 
micro-generation 
that makes visible 
richness and diversi-
ty of micro-
generation technol-
ogies and deploy-
ment models is 
scarce.  

Processes taking 
place during the active 
use of micro-
generation technolo-
gies are not exhaust-
ively analyzed. The 
domestication and 
active consumption 
frameworks have not 
been applicable for 
infrastructural con-
sumption and central-
ized energy generat-
ing technologies. 
Decentralization of 
generation opens up 
new research possi-
bilities. 

A detailed examina-
tion of users’ inven-
tions on micro-
generation has not 
been done to reveal 
where in the tech-
nical system in 
question inventive 
user modifications 
are accomplished 
and where not. It is 
not well understood 
how capable the 
inventive users are 
at their technical 
modifications of 
renewable home-
heating technolo-
gies. 

Research has 
focused on loca-
tion bound energy 
communities. 
CMC enabled new 
communities, 
particularly large 
user-run online 
forums and their 
role and support 
for technology 
adoptation and 
user innovation 
have not been 
studied. 

Re-
search 
Ques-
tions 

What forms of socio-
technical configura-
tions are found in 
renewable micro-
generation? 

What kind of technol-
ogy domestication and 
active consumption 
processes are in-
volved with use of 
micro-generation 
technology? 

How innovative 
users of micro-
generation are and 
in what ways? 

How user-run 
online forums 
support innovative 
activity? 

!

The four research questions in Table 4 make no attempt to be exhaustive to 

examine active energy usership but rather approach the topic from intriguing 

viewpoints. The research aims to fill the gaps by studying the use of micro-

generation in Finland. In Finland, micro-generation is typically owned and 

operated by households who take full responsibility of the local small-scale 

energy production. Consequently the households also have freedom to take the 

measures needed to improve the technology and improve its suitability to meet 

local requirements. It is logical and beneficial to examine both everyday use 

and user development projects to gain an in-depth understanding of active 

user engagement with micro-generation in the Nordic climate.  

In this study, the main focus is on household use of energy technologies, 

where products are used and heat energy or electricity generated, from which 

theoretical, managerial and policy implications are drawn. Based on the rich 

literature and empirical accounts, the present study asks what kind of forms of 

active energy usership emerge with renewable micro-generation and aims to:  
• Conceptualize and make visible the diversity of socio-technical con-

figurations of micro-generation.  

• Examine development processes from a new user towards creative 

prosumer and the role of CMCs in supporting deepening engagement 

with technology. 

Renewable energy generation is implemented through a large set of technolo-

gies ranging from large centralized units to local, decentralized production and 

application-specific solutions15. Technological maturity and market diffusion 

of production technologies varies greatly. Also, operation takes place in vari-

ous contexts, with various models of ownership or business models. Energy 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

15 A solar PV powered garden light, or an electronic calculator are examples of local application-specific 
solutions. 
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outputs are either used locally or distributed via various networking infra-

structures. In other words, socio-technical configurations of renewable energy 

generation are diverse and impact how benefits and hindrances are shared. 

The first research question will address socio-technical configurations, and is 

interested in how micro-generation technology is being harnessed for the crea-

tion of energy, autonomy and power; i.e. how is local micro-generation pro-

duction organized and what socio-technical configurations does it take? 

When micro-generation technology enters the home domain, appropriation 

processes start to take place. The new technology brings interruptions to exist-

ing practices and produces new practices, when technology is installed and 

used. The two way process of domestication not only changes practices but 

also shapes the technology to meet specific requirements and needs of local 

house and its inhabitants. The second research question is:  What kind of 

technology domestication and active consumption processes are involved in 

the use of micro-generation technology? 

Renewable micro-generation is relatively widely used in Finland, especially 

in detached houses and in rural areas. However, there are only a few small 

manufacturers of heat pump and pellet burning technologies, and the local 

business environment does not generally encourage user inventiveness in this 

area. Moreover, energy pricing and infrastructure16 make Finland a hard case 

for grassroot inventiveness in renewable micro-generation. Thus, detailed ex-

amination of users’ inventions and support mechanisms is interesting and 

could provide both policy and design implications. The present inquiry thus 

seeks to examine in detail where in the technical system in question are in-

ventive user modifications accomplished and where not.  

Finally, earlier research has focused on location bound energy communities 

in limited geographical areas. However, CMC enabled new energy communi-

ties, which take virtual form on the Internet, have not been studied. These 

widely used user-run online forums, which are maintained on a voluntary ba-

sis and support technology adoptation and user innovation, deserve attention 

because of their intermediary role in facilitating very different type of bottom 

up activities that can lead to both wider local renewable generation the prolif-

eration and increased performance and convenience of technology. The forth 

research question will address this by asking how do user-run online forums 

support innovative activity?  
!  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

16 Wide use of district heating systems that are not open for decentralized heating supply limit applicability 
of micro-generation in sofar as the district heating networks remain one way centralized plant to the point 
of consumption that is controlled and does not allow the technically feasible feeding of energy into the 
network at the distributed points of consumption-production. 
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3. Methodology  

3.1 Methodological Foundations 

As chapter two demonstrates, the main research traditions regarding the areas 

of interest in this study have all addressed in one or another facet, but not 

connected fully the area of interest. To do this, let us turn to Science and 

Technology Studies (STS). Understanding social actors and the interplay of 

social, economic, and political factors around science and technology is central 

in STS (Voss 2009, p. 22). The STS research tradition has challenged technol-

ogy determinism by showing that the technological change is a social process 

and technologies are shaped by social actors (Haddon 2004, p. 3; MacKenzie 

& Wajcman 1999; Williams & Edge 1996; Cawson, Haddon & Miles 1995). 

Technologies can be inherently political. They can open or close certain social 

options, and it matters how societies choose to use them (Winner 1999).  

The present thesis approaches energy prosumers’ active energy technology 

engagement from a social sciences perspective. The socio-technical approach 

in this thesis means specifically STS and within it the social shaping of tech-

nology (SST). The SST perspective focuses on social forces and the co-

evolution of technology and society which produce and reproduce technologies 

(Jelsma 2006). SST research is characterized by having a relatively large range 

of disciplinary backgrounds (Williams & Edge 1996), albeit mostly constructiv-

ist. This thesis also borrows from a variety of theoretical traditions and uses 

different theories and somewhat different epistemic commitments in the dif-

ferent papers17. The research is reliant on qualitative research and empirical 

materials, both from Internet and interviews, which are collected to describe 

prosumer activities in a household context. 

The SST approach has drawn attention to the importance of ‘social learning’ 

in the innovation process (Oudshoorn & Pinch 2007, p. 543; Russell & 

Williams 2002; Stewart & Hyysalo 2008; Williams, Stewart & Slack 2005). 

Developing of technological innovations is gradual and iterative in nature; i.e. 

how inventors invent is not a sudden flash of inspiration from which a new 

device emerges ‘ready-made’. During the development process and in design 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

17 Papers 2 and 4 are built on the Science and Technology Studies research tradition with thick descrip-
tion, whereas Paper 3 has its inspiration from innovation research done in the Business School and man-
agement research and uses quantitative aggregative data. Paper 1 is a review article, but the background 
and main analytical concepts originate form STS. 
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iterations, removing the weak points of technologies, so-called reverse sali-

ent18, can have a crucial impact on experienced product maturity and user ex-

perience of the product (Hughes 1993, p. 79–105; MacKenzie & Wajcman 

1999, p. 8–11). The feedback received and situated knowledge arising from 

personal experiences is very important, and small incremental changes add up 

and eventually create important and radical changes. Learning includes both 

processes related to development and to manufacturing activity; i.e. industry 

‘learning-by-doing’ (Arrow 1962), and feedback from use of the product i.e. 

‘learning-by-using’ (MacKenzie & Wajcman 1999, p. 8; Rosenberg 1982, p. 

120–140)19. These processes influence the product to develop improved func-

tionality and decreasing product cost and cost of use.  

SST research often starts from the design of products going through produc-

tion to consumption and use, to examining how technologies and the social 

implications are shaped (Williams & Edge 1996). Already in the 1950s sociolo-

gist were interested in economic organization and human relations and stud-

ied workplaces. They pointed out how it is beneficial to study both technolo-

gies and their social contexts together (Clark 1988; Hill 1981). For many peo-

ple technology was regarded as synonymous with machinery, but this line of 

research abandoned the preoccupation with technology as equipment. Accord-

ing to Williams and Edge (1996) ‘the definition of technology itself must in-

corporate the social arrangements within which it emerges and becomes em-

bedded’20.  

During the last few decades, technology characteristics in general have 

changed a lot. For example whereas energy technologies of previous decades 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

18 A reverse salient occurs, when a system develops to certain direction but some of its components have 
fallen behind or is out of phase with the others. A ‘reverse salient’ becomes bottleneck in development 
and hinders wider proliferation of the technology. A reverse salient can be technical, organisational or 
economic factor. 
19 Kenneth Arrows article separates two phases in product creation, the design phase in R&D and the 
manufacturing phase. Learning-by-doing initially refered to the manufacturing phase that is following the 
design phase of the product. By learning-by-doing skills are developed in production, which, for example, 
reduces labor costs per unit of output. Arrows came up with the idea in his research on 1960s when the 
dominant form of R&D process was based on a liner model wherein different phases followed each other. 
In the late 1980s Concurrent Engineering (CE) made a paradigm shift in R&D processes (Cohen 1995, p. 
33). CE methodology was developed to integrate product development and the development of the de-
sign and production processes. Education and the ability for multidisciplinary team work was seen to be 
essential for the success which led to increased competitiveness by decreasing the lead-time and cost 
improvement of quality (Sohlenius 1992). In the changed environment, design for manufacturability 
(DFM) received increased attention and pre-production became highly integrated in to design processes 
(Juntunen 1996). Consequently, in the current operational environment learning-by-doing has changed its 
nature and takes its place earlier in the pre-production phase before the mass scale manufacturing phase 
has started. However, learning-by-doing processes may still continue in mass-production. These two pro-
cesses have been used widely in the innovation literature and sometimes in rather an incoherent way, but 
overall the aim is to explain different processes of learning in innovation journeys when important practi-
cal experiences accumulate for all actors involved. Research and theorizing have brought up notions 
such as learning-by-interacting (Lundvall 1988), learning-by-trialing (Fleck 1994b) and mutual-adaptation 
(Leonard-Barton 1988) and there also exists a considerable amount of literature exploring social learning 
in recent years. Old binary ways of using the terms learning-by-doing (for production) and learning-by-
using (for consumption)(cf. Ritzer 2013) tend to distort our conceptions of the world, and to add one more 
term to the long ‘learning-by’ list, learning-by-experiencing would also actually describe the intertwined 
nature of producing and consuming in this matter.  
20 Both Hill and Clark studied technologies at workplaces.  
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very often centralized large scale systems governed by the technical elite, cur-

rent proliferation of DG has turned energy technology to be more immediate a 

part of our lives (Russell & Williams 2002).  

As with many other works in science and technology studies as well as in 

consumption studies, the current research can be positioned within practice 

theories with regard to its positioning in the philosophy of science. There is no 

single theory of social practice, but indeed several theories from several re-

searchers coming from diverse theoretical origins. Reckwitz’s Toward a Theo-
ry of Social Practices article lists highly influential philosophers that have con-

tributed to social practice theories, including Pierre Bourdieu, Anthony Gid-

dens, Theodore Schatzki, and Ludwig Wittgenstein (2002). Reckwitz explains 

practice as routinized ways of understanding, knowing, and desiring. A prac-

tice consists of several elements, which are interconnected to one other in 

forms of bodily and mental activities, artifacts and their use, a background 

knowledge in the form of understanding, know-how, states of emotion, and 

motivational knowledge (Reckwitz 2002). A practice, for example a way of 

using of a heat pump or participation to an online forum discussion, requires 

the existence and interconnectedness of these elements. We all, as individuals 

with our routinized bodily performances, are carriers of many different prac-

tices. Practices give the (sociotechnical) world its visible orderliness, and mind 

is a central dimension of this process (Schatzki et al. 2005, p. 50; Reckwitz 

2002). Theories of practice have not made much impact on public policy to 

date, but it is clear that we need to understand the development of practices if 

we are interested in changing behavior (Shove 2012, p. 2; Warde 2005).  

Methodology wise, SST research and practice theoretical approaches are 

based on qualitative methods and research has relied predominantly on eth-

nography and in-depth interviews to analyze technology and use contexts to-

gether and put the interplay between technologies, structures, and actors to 

the fore. For the empirical part of the present study, the most influential 

methodological work can be found in STS and SST studies concerning IT use 

in the home. Use of these technologies in the home remains a largely private 

sphere, with only weak linkages between manufacturers and users, which has 

traditionally made SST research designs challenging (Williams & Edge 1996). 

However, the Internet has opened up use opportunities for ethnography with-

out extended observation with the need to stay in the home. Methodological 

choices in my research design are interviews completed with ethnography, 

utilizing current opportunities to do ‘Internet fieldwork’21 with CMC observa-

tion and data collection within online forums.   

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

21 Ethnographic methodology can be used when studying cultural practices CMC taking place via the In-
ternet. In recent workn Elisenda Ardévol and Edgar Gómez-Cruz (2013) used an umbrella term ‘digital 
ethnography’ in their review on existing literature on the topic. This type of ethnography has been initially 
called ‘virtual ethnography’ (Hine 2000) when it focused to media practices. Daniel Millers and Don Sta-
ter’s work (2000)expanded the cope and instead of studying Internet domain as separated and independ-
ent from the real world they developed ‘an ethnographic approach to the Internet’. Using the Internet is 
integral to being something rather than placeless ‘cyberspace’.  In cultural consumer research term 
‘netnography’ has been used study cultures of online environments (Rokka 2010; Kozinets 2002).  
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The following chapter gives an overview of the dataset and analysis and ex-

plains the empirical background and how the current study approaches micro-

generation and prosumers’ active engagement with the technologies involved. 

3.2 Research Process and Data Collection  

This thesis is based on four separate research papers. A summary of the da-

tasets in the different papers can be found in Table 5. The largest set of data is 

the 52 unique interviews conducted during the years 2011-2012. Fifteen inter-

views are related to daily use of micro-generation technologies. Forty inter-

views were conducted with inventive users22 and five with (small size) firms 

that had collaborated with inventive users. User and companies were scattered 

around Finland. The households were located mostly outside of dense urban 

areas and had no connection to district heating networks. To reduce travel 

time to fieldwork sites most of the interviews were conducted by telephone 

rather than meeting subjects in person all around Finland (Holstein & 

Gubrium 2003).  

Table'5.'Summary!of!data!collection'

Paper # Groups of interviewed 
people 

No. semi-
struc-
tured 
inter-
views 

Naturally occurring data 

Paper 1 Review paper 0 Material from renewable energy service and 
provider websites, clean tech news sites, re-
ports.  

Paper 2 Air heat pump users (9), 
Solar thermal collector 
users (7) micro-wind 
users (5) 

15 Three energy related user-run online forums 
were used as sources to recognize potential 
users that would be invited to interviews. 1. 
Lampopumput.info: The ‘usage experiences’ 
section 2. Ilmaisenergia.info solar thermal collec-
tor section and wind energy section. 3. 
Poikkis.net: Solar thermal collector and wind 
energy; altogether, 443 discussion threads. 

Paper 3 Air heat pump inventive 
users (13), Air heat 
pump companies (2), 
Ground-source heat 
pump inventive users 
(9), Ground-source heat 
pump companies (1), 
Wood pellet inventive 
users (13), Wood pellet 
companies (2) 

40 User-run online forum data from 
lampopumput.info, maalampofoorumi and pel-
lettikeskustelu.net. ‘Own modifications and 
improvements’ and technical questions sections; 
altogether, 1206 discussion threads.  

Paper 4 Air heat pump inventive 
users (13), Air heat 
pump companies (2), 
Ground-source heat 
pump inventive users 
(9), Ground-source heat 
pump companies (1) 

25 User-run online forum data from 
lampopumput.info, maalampofoorumi. ‘Own 
modifications and improvements’ and technical 
questions sections; altogether, 447 discussion 
threads.  

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

22 Three user interviews cover both daily technology use and inventive behavior and overlap in the Article 
B and C dataset. 
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The data was collected in three separate research projects23 that all focused on 

the domestic use of renewable micro-generation technology in Finland. The 

use of micro-generation has steadily increased in the country. The most com-

mon renewable source in residential housing is wood-based bioenergy. There 

are over 2 million fireplaces in total and wood energy is the main source of 

heating in over 400 000 houses (Alakangas, Erkkilä & Oravainen 2008). Heat 

pump technologies are widely used having over 500 000 installations in the 

country (Finnish Heat Pump Association SULPU 2013). The most common 

heat pump technology is an air-source heat pump (ASHP) with over 400 000 

installations alone. Also, ground-source heat pumps (GSHP) have increased 

rapidly in recent years and the total number is over 75 000. Over half of the 

new detached houses are equipped with GSHP (YLE 2013). The installation 

base of wood pellet boilers exceeds 26 000 systems (Bioenergia ry 2013) and 

during the last few years both solar PV and solar thermal collectors have 

gained increasing consumer interest. Because of the popularity of self-

importation and DIY, the official figures for solar-based micro-generation are 

not available. 

User-run online forums were used as starting points in the field and for the 

data gathering in Papers 2 to 4. Altogether, the reading and data collection 

period was 14 months, which included an intensive work period of several 

months having its main work focus on data collection from online forums. 

There are several micro-generation specific forums in Finland, the main pur-

pose of which is to help people with very common issues with micro-

generation technologies. Typical discussions on the forums include topics such 

as whether to buy certain technology, which model would be most suitable and 

how to handle typical problems. But the forums also include very different 

types of material. In the forums users of heat pump, solar thermal collector, 

micro-wind, and wood pellet technologies display both their DIY and inventive 

projects. In general it can be said the forums have evolved into major commu-

nications media amongst the users of micro-generation technologies.  

The dataset was collected from five forums that are the most widely used and 

well-known micro-generation specific user forums in Finland. The main Finn-

ish heat pump forum www.lampopumput.info features over 242,000 posts 

and 18,000 discussion threads by over 5,000 registered discussants in the six 

years of its existence. By December 2013 its pages had been viewed 69 million 

times, which is fairly substantial for a language group of about 5.5 million 

Finnish speakers and installation base of 400,000 units at the end of the 6-

year period. The main forum for ground-source heat pumps (GSHP) related 

discussions is www.maalampofoorumi.fi and it features 60,000 posts and over 

5,000 discussion threads by 4400 registered discussants within seven years of 

its existence. The forum for wood pellets system users is called 

www.pellettikeskustelu.net features over 50,000 posts, over 3,700 discussion 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

23 The projects were two Academy of Finland funded projects called ‘Local adaptation and innovation-in-
practice in energy efficiency and carbon neutrality’ (LAICA) and ‘User innovation pathways to utility’ (UIP) 
and in addition an Emil Aaltonen Foundation funded project ‘User Innovation Communities - A Multidisci-
plinary Study on Citizens’ and Professionals’ Innovative Potential’ 
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threads and 2,200 registered discussants within six years of its existence. In 

addition, there is a generic forum for renewable micro-generation, 

www.ilmaisenergia.info, which is smaller than those already mentioned, hav-

ing over 10,000 posts and 700 registered users.  The smallest and fairly recent 

(established in 2009) forum is www.poikkis.net. The forum especially caters to 

micro-wind projects with a userbase of 300 users.  

The search for inventive users, their DIY projects and user inventions started 

initially on online forums in early 2011. The selected forums were the largest 

micro-generation specific forums in Finland: lampopumput.info, maalam-

pofoorumi.fi and pellettikeskustelu.net. In May 2011 the focus was widened to 

include other types of experienced users. The ongoing discussions were fol-

lowed and empirical data collected by applying a non-participatory approach; 

i.e. the ongoing discussion was not interfered. This research position has been 

practiced in several earlier ethnographical studies where online discussion 

materials have been used (Belz & Baumbach 2010; Arsal et al. 2009). No login 

details were needed to enter the community, but in order to invite incognito 

users to interviews private messaging (inbuilt email service of the forums) was 

used, which required registration.  

Screening, complete enumeration of cases in the population (Sudman, 1985; 

Gobo, 2004) was performed for the user forum sections that were suspected to 

have experienced or inventive users and user inventions. Lampopumput.info, 

maalampofoorumi and pellettikeskustelu.net ‘own modifications and im-

provements’ and ‘technical questions’ sections were screened to find inventive 

users and their inventions. Furthermore, for the technology domestication 

study (Paper 2) the lampopumput.info ‘usage experiences’ section was 

screened to find experienced air heat pump users. For the same purpose, 

screening was continued in Ilmaisenergia.info’s solar thermal collector section 

and wind energy section and in the Poikkis.net solar thermal collector and 

wind energy sections. All threads under these sections were read in their en-

tirety and stored locally in Eagle Filer software for analysis. 

To gain a better idea of the everyday use of the technology and inventions, 

interviews were conducted with users and selected firms. In early 2011, inter-

views started with inventive users that were recognized on user forums. The 

aim was to find and interview inventive users and lead users among them and 

study their activities, development projects (different level of product modifi-

cations and DIY projects), and their collaboration within online communities. 

Both snowball sampling (Goodman 1961; Welch 1975) and pyramid sampling 

(i.e. pyramiding) (Lilien et al. 2002; von Hippel, Franke & Prügl 2009; Von 

Hippel, Thomke & Sonnack 1999) were used in interviews to find more user 

inventions and lead users that could be interviewed. In Snowball sampling, the 

idea is to select interviewees who feature the necessary characteristics (in this 

study both lead user or experienced users characteristics24) and, through their 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

24 There were three key criteria for experienced users. 1) Nonprofessionals with no involvement in com-
mercial development of residential energy technology and systems; 2) Individuals who use renewable 
energy technology in a detached family house or summer cottage and make decisions regarding their 
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recommendations, find other subjects with the same characteristics (Gobo 

2004, p. 449). Pyramiding is a variant of snowball sampling, which is per-

formed by asking for nominations of individuals who have more knowledge on 

the specific area or have more of the sought attribute. The identification pro-

cess of innovative users and their projects is documented in detail in a sepa-

rate publication (Hyysalo et al. 2014) and involved conceptualizing and elabo-

rating new combinatory search methods to find rare research subjects25. 

In mid 2011, the focus was widened from inventing users to other user 

groups that are accustomed to micro-generation usage but not actively seeking 

ways to modify and improve the technology. Snowball sampling was used in all 

interviews to find new interviewees both inside and outside the online forums. 

The topics in these 30-120 minute-long semi-structured interviews with users 

progressed from early information gathering, to purchase, installation, early 

use, and routinized use, as a means to capture relationships, meanings and 

activities related to micro-generation. The interviews were recorded and tran-

scribed. Interview data was collected and finalized in early 2012. 

Methodologically, traditional ethnography with onsite observation would 

have provided profound and detailed information regarding the technology 

use and changing everyday dynamics in the technology adoptation. However, 

to be able to trace the changes in everyday practices would have meant staying 

(living) with household for long periods of time because an interaction with 

studied technologies is rather infrequent26. Thus, the final dataset in Papers 2-

4 is based on two main sources and combines both material from online fo-

rums, via ethnography, and interviews, and selected approach is balancing 

between reasonable research effort and depth of the data.  

In 2013 the research scope was widened when the work with a Paper 1 be-

gun. The purpose of the paper is to take wider look at various micro-

generation technologies and review different ways of organizing energy pro-

duction with these technologies in both developed and developing countries. 

The review of business and deployment models of renewable micro-generation 

was based on both an academic literature review and Internet resources.  EB-

SCO and Scopus full text searches were used for academic sources. As renewa-

ble micro-generation is an emerging area, where academic literature is scant 

and many of the models are emerging rapidly, the additional material was 

searched directly from clean tech news services27 and via Internet searches. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

own energy-system purchases and use; 3) People who acquired renewable energy technology more than 
a year previously. 
25 Lead userness was based on self-rating on a seven-point Likert scale. The four measured lead-user 
characteristics were: 1) Ahead of a trend: I have improved heating equipment on my own; 2) Technical 
expertise: can make technical changes to my heating equipment on my own; 3) High benefit expected: I 
have already had problems with my heating equipment that could not be solved with the manufacturer’s 
conventional offerings; 4) Community-Based Resources: I know many other people who optimize heating 
equipment and have a thorough knowledge of heating equipment (The example is from solar thermal col-
lector users and other technologies followed the same formula). 
26 Wood pellet burner and air-source heat pump micro-generation technologies require relatively frequent 
user interaction (daily to weekly), whereas solar thermal collectors and ground-source heat pump are 
highly self sustaining (monthly or annual maintenance). 
27 www.renewableenergyworld.com, www.cleantechnica.com and insideclimatenews.org. 
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The final utilized material includes reports, documents, company pages, and 

material from cleantech news sites.  

3.3 Data Analysis and Methods 

Paper 1 of the thesis is a review paper and the three others are based on empir-

ical data collected in Finland. Two of the papers, 2 and 4, are based on qualita-

tive research methods. Paper 3 adopted a mixed methods approach and uses 

both qualitative and quantitative methods. The papers focus on different type 

of groups and roles of users. Figure 3 positions the focus of the papers regard-

ing the categories of the users. 

 

Figure'3.'The!positioning!of!the!papers!regarding!categories!of!the!users.!

Paper 1 undertakes a review of socio-technical configurations of commonly 

used micro-generation technologies based on published academic studies and 

supplementary sources without including both developed and developing 

market contexts. The three other papers examine a sub-set of technologies and 

focus on user engagement with micro-generation within the Nordic context in 

Finland.  

In paper 2, interest lay on domestication processes of renewable micro-

generation technology. The data from 15 interviews was coded using Atlas.ti 

software. The codes were derived from the data based on the actual words or 

terms used by the interviewees or defined by the researcher. Data was further 

analyzed to construct themes under the four dimensions of the domestication 

framework. 
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For the purposes of papers 3 and 4, data collection resulted in nearly 250 po-

tential inventions or modifications. The data analysis, which was based on 

both interview and forum data, began by categorizing all user inventions and 

modifications in the sample and clustering findings into types of projects. Lev-

el and engagement varies between users and there is a continuum from (tradi-

tional passive) consumption to active creation. Botero et al. (2010) have devel-

oped a framework to understand activities in which people engage in in their 

daily practices (e.g. program modules, assemble components, remix, integrate, 

create workarounds etc.). The framework was used to put user inventions and 

alterations of technology under more generic categories (Botero, Kommonen & 

Marttila 2010). For the purposes of paper 4 the data was further coded to put a 

focus on motivations, user reactions, help to other users, and other types of 

volunteered contributions. 

For the quantitative analysis, three external experts were used to assess the 

found inventions. Altogether six persons evaluated four different dimensions 

of technologies. The same three experts evaluated all heat pump inventions 

and there were separate experts used for evaluating wood pellet system inno-

vations. The initial purpose was to evaluate all four dimensions for all three 

technologies. However, it soon became evident that the energy saving poten-

tial for wood pellet technology inventions were very difficult or impossible to 

evaluate and reasonable accuracy of evaluation would have meant laboratory 

testing, which was impossible to organize for this purpose. Therefore, only 

heat pump technologies were evaluated in terms of their energy saving poten-

tial dimension. 

The evaluated dimensions included inventiveness, ease of implementation, 

diffusion potential and energy saving potential. In the evaluation phase some 

projects, which were not clearly and significantly improving the technology 

from any of the dimensions, were discarded from the dataset. In total, 192 pro-

jects were verified as inventive. Finally, the correlations between the four eval-

uation areas were tested by Spearman’s Rho and Keldall’s tau-b using SPSS for 

analysis. 





 

47!

4. Summary of Research Papers 

4.1 Paper 1: Technical and Organizational Components of Micro-
generation 

The motivations for this first paper of the thesis were two-fold. All of the other 

three papers in the thesis are based on an extensive dataset that has been col-

lected in Finland. These papers cover micro-generation technology adaptation 

and use and energy prosumers’ engagement with technology from different 

standpoints and draw from empirical cases on heat pump technologies, wood 

pellets and micro-wind energy.  Paper 1 investigates what kind of socio-

technical configurations are found in renewable micro-generation and takes a 

holistic approach to the commonly used renewable micro-generation technol-

ogies and ways of organizing around them, and makes visible the different 

type of contexts where micro-generation is deployed.  

The paper is based on a review of academic literature and other supporting 

material. Altogether 78 relevant studies are identified through an analysis of 

abstracts in academic journals covering business, management and energy 

related research. Additional sources were used to fill the gaps in the literature 

to map the field extensively as the field of renewable micro-generation is rap-

idly evolving and new business and deployment models are emerging and aca-

demic literature is often lagging behind this development. These sources in-

cluded corporate Internet pages, reports and news from popular renewable 

energy news sites.  

Academic literature does not provide many ready-made options or practical 

structured tools for analyzing socio-technical aspects of renewable energy gen-

eration. In fact the framework introduced by Walker and Cass in 2007 (Walker 

& Cass 2007) seems to be the sole one somewhat addressing the topic. This 

framework was taken as starting point and further developed for socio-

technical configurations analysis purposes specifically for micro-generation 

technologies.  

The results show that differences in technological characteristics, which have 

an impact on operation and management needs, play a key role in which socio-

technical configurations exist particularly with regards to ownership and fi-

nancing options, and enable or hinder the proliferation of corporate-driven 

models i.e. servitization of micro-generation.  

The results suggest that micro-generation product manufacturers – solar 

technology aside – would benefit from increased emphasis in developing 
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products towards higher reliability and maintenance-free operation times. In 

addition, there are technologies, such as solar thermal collectors, that could 

well meet operational requirements of service-based models, but current eco-

nomical performance is still not sufficient to attract business interest to re-

spond to (hidden) market needs.  

4.2 Paper 2: Processes of Becoming Competent User  

The second paper approaches micro-generation from a technology adaptation 

and use practices perspective, and studies how renewable micro-generation 

technologies find a place in daily life. Most studies regarding micro-generation 

technology and consumer behavior have focused primarily on motivational 

factors, barriers of use, and early phases of installations and use (Haas et al. 

1999; Ornetzeder & Rohracher 2006; Palm & Tengvard 2011; Watson 2004). 

However, once the energy technologies are installed within the home, new 

processes start to take place and micro-generation technology becomes pre-

sent in inhabitants’ daily life. Production energy locally also changes how en-

ergy is used. Earlier studies have showed how producing one’s own electricity, 

for example, shifts electricity demand towards off peak use, makes users more 

aware of their energy consumption, and decreases total electricity use by 6 % 

on average (Keirstead 2007). At the household level, micro-generation tech-

nology requires adaptation, learning of use, and changes in practices to make 

technology suitable for local contexts.  

Researchers have written tomes on the subject of household energy con-

sumption in everyday life. However, there is relatively little research on energy 

generation in residential household settings where renewable micro-

generation as a production technology becomes part of everyday life. The do-

mestication framework has been used in the sociology of consumption to open 

up technology adaptation processes, but the framework has rarely been ap-

plied to energy technology. Today, it may even sound old-fashioned to use 

frameworks, concepts, and theories developed almost twenty years ago, but in 

fact the domestication framework provides a valuable starting point to study 

micro-generation, which is taking place at the home domain. Nevertheless, the 

domestication framework itself has been used mostly for initial adoption, to 

the point when a given technology is supposedly become domesticated, and 

has not examined what happens thereafter, if the domestication processes car-

ry on and if additions or further complements to new technology are adopted, 

and adapted in turn. In this paper, development trajectories of micro-

generation are studied to describe how renewable energy technology is domes-

ticated for local energy provision in residential housing and summer cottages. 

The study reveals users to have an evolutionary approach in energy system 

development, which can be called a domestication pathway. Trust in new 

small-scale renewable energy technologies in domestic use is built gradually 

and capacity is scaled up along with the cumulating trust. New micro-

generation technologies become supporting sources besides existing technolo-



Summary of Research Papers 
 

! 49!

gy and the use of one renewable technology easily leads to use of other renew-

able sources later on.  

The notion of domestication pathways implies taking several technologies 

under examination at the same time and having a longitudinal approach to 

studying domestication processes. Outside the energy domain, for example, 

social media usage tends to be highly interconnected, fostering crossovers 

from the use of one product or service to others, hence supporting the transi-

tion to new technologies. 

4.3 Paper 3: Becoming Creative Prosumer and User Innovator 

The third paper examines user innovations in renewable micro-generation. 

The previous paper concentrated on understanding how micro-generation 

technologies are deployed and used by competent users. In this paper the fo-

cus is on highly active and inventive energy users, craft consumers, and lead 

users. The main interest lies on what these users can and are willing to do to 

increase the efficiency or convenience of the technologies and systems.  

In this paper, users and inventions of three different micro-generation tech-

nologies, air heat pumps, ground-source heat pumps, and wood pellet burning 

systems, were studied. In total 192 inventions or modifications were found and 

analyzed. These inventions either improved the efficiency, suitability, usabil-

ity, maintenance, or price of the heat pump or pellet systems. The users of mi-

cro-generation technologies were able to successfully modify, improve, and 

redesign next to all subsystems in these technologies. These findings indicate 

that some residential users of micro-generation have significant competence 

and passion to take up a deep and active relationship with their energy tech-

nologies and systems. As with most technologies, there are a very limited 

number of highly active users who modify technology. The inventions found in 

this study represent 0.02 % of ASHP, 0.04 % of GSHP and 0.3 % of wood pel-

let burner system installations in Finland. However, it should be noted that 

the aim of this study was not to list and quantify so-called DIY projects that 

aim to copy already known products or solutions. The number of users engag-

ing with DIY activities and projects is significantly higher than lead users and 

their inventive projects.   

Expert evaluations were organized for the found inventions. Inventions 

proved to be useful for advanced users. However, except for the most ad-

vanced designs, most user inventors built solutions that had one or several 

facets that would have made them unfeasible for the system manufacturers.  

The findings show how inventive users can speed up the development and 

diffusion of micro-generation technologies both through their alternative de-

signs as well as through the advanced peer support they provide in widely used 

energy-specific online forums. The user-run online forums attract a large 

number of readers as most of the discussion is related to the purchase, use, 

and maintenance of these technologies. Page loads of most active threads in 

generic heat pump forum exceed 100 000. Thus, it can be concluded that in-



Summary of Research Papers 
 

!50!

ventive users and their projects play a role in both the technical evolution as 

well as in market creation. 

4.4 Paper 4: Role of CMCs in Supporting Active Engagement with 
Technology   

The fourth paper continues to examine active users of micro-generation tech-

nologies; their development projects and studies how user-run online forums 

support creative projects and user innovation. The technology itself, an air-

source or a ground-source heat pump, is a production technology that is com-

monly not considered to be an interesting area for DIY or modifications. How-

ever, users were very motivated, even passionate and well able to modify all 

subsystems and create their own design and learn on the way whilst working 

with technology. In Nordic countries, detached houses are dispersed in a wide 

area, in suburban and rural areas and building a traditional community 

around DIY energy projects is not feasible.   

Peer support among innovative users have also received attention in earlier 

user innovation studies (Franke & Shah 2003; Jeppesen & Frederiksen 2004). 

People engaging with peer production have diverse backgrounds. Human crea-

tivity, wisdom, education, professional competences, and life experience are all 

possessed uniquely by individuals (Benkler 2006). Thus, the scope of individ-

ual typical user design is more limited than conventional firm-based R&D.  

Use of different Internet-based communication systems and social media net-

works are changing how individual users can team up and work together in 

collaborative projects.  CMC forms can increase the visibility of individual pro-

ject and connect active and innovative users. Research on online communities 

has mainly focused on the producer–user relationship and online environ-

ments where the producer takes responsibility for setting up and maintaining 

the online environment (Fuller, Jawecki & Muhlbacher 2007; Fuller 2006). 

However, thus far, less researched has been the bottom up approach of user-

run forums where users voluntarily establish online forum for their own pur-

poses. 

Interviews with inventive users revealed that all of them had some presence 

in online environments and received various kinds of help from other users. 

This help included the transfer and learning of thematic knowledge, identify-

ing and verifying points of improvement, accessing relevant services, parts and 

tools, boosting motivation, as well as in the spreading of user inventions 

among peers. The vast majority of forum discussions were centered on scaling, 

purchasing, maintenance, troubleshooting, and the comparing of different 

technology models. Only a small minority of activities are exchanges between 

inventive users. The surge of user inventions within the forums owes much to 

their dynamic nature. Online forums are conducive to the deepening of us-

ership, which allows some of the other users to act as user side intermediaries 

to aid this. In DIY studies it is commonly known that one DIY project leads 

easily to another. Plans are disrupted and diverted in the course of doing and 

changes to the fabric of the house reconfigures the options for possible future 
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projects (Watson & Shove 2008). Simple DIY projects develop towards more 

demanding projects with the help of peer support given by the other forum 

members. The learning at stake can be approximated as resulting from legiti-

mate peripheral participation (Lave & Wenger 1991). The energy online fo-

rums comprise different professional competences, featuring characteristics of 

a boundary infrastructure and also facilitating their participants’ learning from 

apprenticeship to mastery across domains of competence. In other words, the 

online energy forums helped otherwise geographically dispersed and hetero-

geneous users to ‘grow inventive’. 

The findings reveal differences between user-run and company-run online 

forums. Company-run forums are limited to one company and a business eco-

system around it and can be established to attract innovative users only. For a 

company, selecting a narrow focus of active or innovative users might sound 

appealing. The group of users is approached with flashy marketing slogans 

such as ‘Innovation: This is what our community is all about’ 28 to invite lead 

users to collaboration. However, achieving critical mass of users with this 

strategy might appear challenging.  

In the case of user-run forums, a large range of brands, products, and tech-

nologies are discussed and used as raw material for developing a technological 

whole from the users’ perspective. Within the domain of domestic energy sys-

tems, which are typically taking a hybrid form, this feature is essential. Greater 

diversity, lack of central control, and freedom of speech appears to lead to a 

wide range of individual improvement projects for many products and models, 

whereas company forums tend to be more centrally orchestrated and concen-

trate on fewer development projects.  
!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

28 The slogan is used by Coloplast, which is regarded as a forerunner in user-driven innovation. 
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5. Contribution of the Research 

The overall findings of the study highlight different forms of active energy us-

ership in the domestic micro-generation context. In this change process, the 

legacy of the socio-technical configuration matters. The built environment in 

general, and domestic energy systems as a part of it, has high inertia. The lega-

cy29 of the building influences the (economical) viability of possible energy 

renovation options. There is no single technical solution or future vision that 

fits all detached houses and all circumstances. The roles that energy consum-

ers or prosumers take, and their meanings of energy are under constant 

change. Needless to say, technologies, regulations, and markets also change. 

This all highlights that multiple visions and possible futures should be some-

how taken into account at various operative and policy levels. Flexibility to 

adapt to unexpected changes is the key to success with regard to fostering sus-

tainable pathways for housing energy systems and proliferation of low carbon 

technologies and lifestyles.  

Energy prosumer activities around micro-generation technologies demon-

strate that users do not only diffuse technologies created by commercial ven-

dors, but also actively create and produce new solutions by themselves, dis-

tribute relevant information, and take into use the new innovations of peers. 

During the course of designing, trying, and creating new, active users provide 

various types of support for each other. New energy communities take a dis-

persed form and support various levels of users and activities.  

In the following sections I will start discussing theoretical contributions of 

the thesis by extending well-established idea of community energy by high-

lighting the dispersed structures it can take. In this study dispersed communi-

ty energy took a virtual form via online forums. I will continue by explaining 

how a socio-technical configurations framework was further developed for 

specifics of micro-generation and how it can be extended in future research.  

This is followed by elaboration of the domestication of interlinked technolo-

gies and the notion of ‘domestication pathways’. 

An underlying assumption in this thesis, which is particularly scrutinized in 

the implications section, is the assumption that technology can be viably con-

figured in way so that it changes behavior and results is less damaging energy 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

29 Legacy refers here to the technical characteristics of buildings. These include connection to networked 
energy infrastructures (e.g. gas or district heating) and platform type of parts in domestic energy system 
(e.g. water circulation in heating system, hot water tank and its size). 
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generation than currently (cf. Jelsma 2006). This approach can and should be 

driven from various levels by certain choices in both energy policy and design. 

Domestication pathways have managerial implications that are addressed in 

‘open pre-configuration’ section (5.2.1). This is also an area where standards 

and regulation can play in important role, and later under Policy Implications 

section (5.3.1) I discuss how energy policy should prevent manufacturer lock-

ins taking place. 

The findings of the study show how highly active craft consumers (e.g. hack-

ers, phreakers, crackers and modders) and inventing lead users both engage in 

advanced DIY project and create user innovations. These groups are driven by 

utility (often reduced cost or improved product or system use convenience) 

and curiosity. In fact globalization has changed DIY fundamentally. It has 

greatly improved ways to find and buy proper tools and parts for user projects 

and made possible DIY to a wide audience. Low cost amateur tools have 

played an important role in enabling DIY. These tools are an important ena-

bler in micro-generation related DIY projects. Less discussed in the previous 

literature is an aspect of raw materials; i.e. how acquiring components for own 

projects have become easier during the last decade. Increased business atten-

tion to bottom of the pyramid (BOP) markets and their specific consumer re-

quirements have created new types of low cost (and often lower quality) prod-

ucts, which have eventually spread globally outside of the initial BOP markets. 

For craft consumers these low cost products can act as ‘raw’ material, which is 

a starting point for DIY projects and can be used to build new type of products 

for own use. Furthermore, the Internet is the medium to obtain knowledge of 

hacks and DIY projects and has a significant role in providing specific infor-

mation of material suppliers, be they users or commercial suppliers, located 

anywhere in the world. Global logistics available for anyone can deliver the 

parts quickly and at a reasonable cost. In the age of eBay and Alibaba, creating 

new on your own has never been easier. The outcomes of these user projects, 

user innovations, can be studied with the issue of what is missing from the 

market in mind. The user innovations can point to a ‘reverse salient’ that small 

incremental technological innovations can fix and potentially enable wider 

market diffusion (section 5.2.2). Furthermore, the groups deserve attention in 

term of firm innovation processes (section 5.2.3). Similarly, policy makers may 

benefit from more open dialogue with prosumers (section 5.3.2). 

Differences in technological characteristics play a key role in socio-technical 

configurations and can either enable or hinder servitization of micro-

generation. Particular attention should be paid to innovations that improve 

reliability, increase maintenance-free operation times, and provide remote 

monitoring and maintenance (Paper 1). This applies to heat producing tech-

nologies in particular. Furthermore, local ownership of energy systems is a 

critical aspect in servitization. Freedom and ability to control the system is the 

key to enabling possibilities towards development of usership and energy au-

tonomy. Energy Autonomy (section 5.3.3) will discuss the policy implications 

of this, and concludes the implications section. 
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5.1 Theoretical Contributions 

5.1.1 New Energy Communities with Dispersed Structure 

In the community energy context, community is often defined as a local unit, 

which operates inside a limited geographical area. However, an energy com-

munity can also take a dispersed form and still work collectively as a virtual 

community, as examples of micro-generation deployment in this thesis have 

shown (Paper 4).  

In addition to the virtual community, energy production outputs30 can also 

be shared in a new energy community over a wide area network. Currently this 

has happened for medium and large-scale renewable production units. Lu-

mituuli, a wind energy company in Finland and Solar Energy Cooperative 

Green Point Batensteinbad Woerden in the Netherlands are examples of col-

lective ownership of green electricity plants by household investors that share 

outputs of generation. Wind and solar collectives in these examples are char-

acterized by distributed ownership (which can be called co-operative or com-

munity) and they require minimal direct involvement of local people. Here 

outcome is not locally focused and the unit generates energy for wide distribu-

tion rather than for use in the locality (cf. Walker & Devine-Wright 2008). The 

smart-grid development is opening the grid in new ways for peer-to-peer net-

working concepts that can be used with small-scale production units and with 

renewable micro-generation technologies. Peer-to-peer networking concepts 

have brought new models of sharing to community energy systems 

(Steinheimer, Trick & Ruhrig 2012). These models borrow ideas that have be-

come widely used in ICT systems. The first peer-to-peer electricity sales mod-

els have already opened operation and are working as a broker between elec-

tricity producers and users31. These concepts have the potential to change how 

micro-generation in the context of the community can be organized (Paper 1). 

In the future, a community could be seen in a new way in the smart-grid envi-

ronment, where the peer-to-peer approach spreads out from a close proximity 

community to a group of remote households co-provisioning, using, selling 

and buying energy to each other and using the national grid for electricity dis-

tribution. In peer-to-peer concepts production and ownership is distributed, 

i.e. the process is local but generated energy is used both locally and feeds to 

the grid.  The examples above demonstrate how the concept of community 

energy should recognize dispersed structures and these dispersed structures 

can take various forms.  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

30 Traditionally, the profits of energy generation are shared among owners. In collective citizen ownership 
models, typically government FIT is utilized and electricity is sold to a local utility. However, the models 
discussed here focus on a dispersed community of households that share energy outputs, which is still 
rather a rarely used model. 
31 For example Oulun Sähkömyynti in Finland and Vandebron in Netherlands are brokers between farm-
ers: http://www.pohjoistavoimaa.fi/index.php?id=1083&news_id=1652, Accessed 25th of December 2013. 
https://vandebron.nl, Accessed 10th of September 2014. 

!
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The present work on communities draws on empirical work done in user-run 

Internet forums among renewable micro-generation prosumers in Finland. 

The main focus has been on inventive users where two factors necessitate a 

virtual form of organizing. First, invention prone users are often geographical-

ly dispersed and online environments can boost the visibility and connectivity 

among potentially innovative agents. Second, households living in detached 

houses are dispersed around countryside and suburban areas in Finland. Res-

idents in these households are able to take own action to quite freely modify 

technology, which can lead also to inventive behavior. This empirical setup 

demonstrates how certain autonomy to modify and build technology inde-

pendently without a group combined with rare practice (or hobby) both pre-

sumes and produces virtual forms of organizing communities. Dispersed ener-

gy community characteristics differ in many aspects from earlier studied ener-

gy communities. Two example cases in Table 6 demonstrate key differences. 

Community wind energy project and household owned micro-generation have 

very different community characteristics. Whereas in community wind energy, 

the project is owned, governed together, and outputs shared within the group 

or sold to other users over the grid, in all these aspects household micro-wind 

generation is in hands of one household. However, in terms of knowledge 

sharing and learning processes household can be active member of dispersed 

energy community, which members share a common interest. 

Table'6.'Case!examples!of!community!energy:!Local!community!energy!project!and!dispersed!structure!
community.'

 Centralized community wind 
energy project 

Household owned micro-wind gen-
erator 

Scale of the production 
unit 

Medium (or large) scale Decentralized small-scale 

Ownership of the pro-
duction unit 

Community owned Owned by households 

Daily operation By active group inside community 
(or outsourced) 

By user, user responsibility 

Knowledge sharing 
and community learn-
ing 

Social learning when working 
together locally for common goal 

Individual operational work supported 
by online community. Characterized by 
common interest. 

Governance character-
istics 

Organized / Requires governance 
structure, community control 

Household control and autonomy 

Distribution: Sharing of 
energy production 

Microgrid or grid-connected, pri-
marily for a group  

Primarily for own use, mostly grid-
connected 

!

5.1.2 Socio-Technical Framework for Analyzing Micro-Generation 

In their 2007 article, Walker and Cass (2007) proposed the socio-technical 

configurations framework for renewable energy production. This work is con-

ceptual and provides an overview of manifold environments where various 

renewable technologies with different scales have been utilized by diverse or-

ganizational setups. To study socio-technical configurations of renewable en-
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ergy or particularly micro-generation and remain faithful to well established 

research strategies in STS would require in-depth empirical work to under-

stand discourses and practices how local energy is generated and used. Walker 

and Cass’ 2007 conceptual work provides operable point of departure to create 

a framework for the purposes of high-level systemic and comparative analysis. 

In this thesis it has been further developed to make it an applicable practical 

tool for analyzing particularly micro-generation technology deployment ( 

Figure 4). This can be seen as reductionist approach but its’ simplicity makes 

it powerful to reveal structures that enable or hinder behaviors, give roles to 

user practices or community action.   The key changes to Walker and Cass 

(2007) framework are: 

• Simplification: The framework excludes considerations ‘function and 

service dimension’ which would require qualitative empirical work, 

which is not available for most descriptions of micro-generation 

models, and inclusion of which would thus hamper examining the so-

cio-technical configurations in higher level of abstraction. 

• Strict focus: Includes only micro-generation and its modes and small-

scale technologies. 

• Two dimensionality: Locality dimension is added as a second dimen-

sion (vertical axis) to the framework to reveal inherent user roles 

built into the configurations. The proximity categories (us-

er/household, community, business) follow the widely used approach 

in the literature.  

The vertical axis presents increasing locality in three steps. Horizontally the 

model is divided to three separate aspects: ownership and finance, manage-

ment and operation, and distribution.   
 

 

Figure'4.'The!socioMtechnical!framework!for!microMgeneration.'
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The socio-technical configurations framework was used in this study to exam-

ine current deployment of micro-generation, but it can be also applied to ana-

lyze longitudinal changes in the market. The current framework focuses on 

three organizational dimensions but the framework can be extended to include 

new dimensions such as installation and policy support mechanisms. In the 

present study the temporal scope was limited to the operation phase, when the 

stable socio-technical configuration had already taken its form. However, tem-

poral scope can be extended to include the installation phase of the system. In 

other words, the framework can be flexibly extended to include control points 

in the upstream value chain of micro-generation. Furthermore, socio-technical 

configuration can also take the regulatory environment into account and in-

clude, for example, feed-in-tariff (FIT) as a new dimension. This approach 

makes visible how certain regulatory support mechanisms are applicable and 

used only with certain socio-technical configurations; i.e. how FIT drives de-

ployment towards a certain direction in the market and excludes others. 

5.1.3 Interlinked Technologies and Domestication Pathways 

The use of the domestication framework (Paper 2) revealed a hybridization 

development and the gradual development trajectories of housing energy sys-

tems over time. Socio-technical change can take very different time spans de-

pending on examined system. Forecasting future development is difficult for 

everyone including policy makers (and businesses). A technological field in-

cludes many different systems, which between themselves may have very dif-

ferent time spans of socio-technical change. Thus the purpose of energy policy 

cannot be based on an assumption that the future development of socio-

technical change can be forecasted. 

The notion of domestication pathways has methodological implications, out-

side the energy technology domain, for qualitative studies focusing on the in-

novation diffusion of multiple technologies simultaneously. In-depth under-

standing of technology development trajectories and technology adaptations 

requires a longitudinal research approach. In the current study, the diffusion 

of micro-generation technology proved to be highly networked and not limited 

to a single technology scope. Previous domestication studies, especially in the 

area of ICT, have followed the taming of a single technology. Similarly, the 

domestication pathway is visible outside the systems of provision scope; for 

example, in the context of multiple device ownership of mobile technology 

(e.g. smartphone and tablet) and with Internet social media use that is highly 

interconnected. The use of one product or service, if not a pre-requisite to 

move to new types of products or services, strongly supports the transition to 

new technologies, products and services. Studying the domestication of multi-

ple technologies simultaneously strengthens the methodological applicability 

of the domestication concept in general.  

Research on creative consumption, craft consumption, and user innovation 

theory, has been short-spoken with regard to development trajectories of ac-

tive consumers. What they do, how they do, why they do, what it means, and 

how it can be utilized are typical research areas on active consumption. Where 
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do these people come, how their interest and skills develop in less know terri-

tory, and cannot be reduced to a question of peer support inside communities. 

The empirical case of domestication in this thesis focused on competent users 

of micro-generation. However, a domestication pathway is a concept that 

could reveal processes of active engagement and reveal development trajecto-

ries of active engagement with technology. This is an interesting issue not only 

with regard to how to support users, but also in organizing design collabora-

tion and the question of tailoring meaningful methods for different type of 

user groups.  

5.2 Design and Managerial Implications 

5.2.1  Open Pre-configuration 

The traditional way of thinking of product creation in a firm-based R&D de-

partment has been that the designer has in mind a specific purpose and way of 

using a product, and this target materializes in the final product that is created 

(see section 2.2.2). However, in a DIY product owners can act against the orig-

inal vision and employ products in a manner other than that intended by the 

manufacturers. Manufacturers are well aware of the limitations of products 

meeting the requirements of all customers. From the manufacturer’s point of 

view, it will be costly to design, produce and advertise products that fulfil all 

market segments and use cases, and typically it is more profitable to identify 

and serve a few market segments and develop products that meet average 

within-segment requirements (Franke & von Hippel 2003). Manufacturers 

have addressed diverse requirements coming from different customers, for 

example, by design modularity.  

In preparation for easy extendibility and hybridization of the system, design 

implications for manufacturers emphasize modularity and multi-purposing of 

products. Recently, especially in the ICT industry, application ecosystem 

thinking has changed how innovations emerge (in a fast paced and versatile 

form). For example, mobile device vendors do not try to fulfill all the customer 

requirements but rather develop an open platform that can be utilized by other 

companies in the business ecosystem through additional (application) prod-

ucts to fulfil specific customer needs. This has made possible a long tail ap-

proach, in which the available variety of unique items is extended with small 

batches sold of each (Anderson 2008). In housing energy systems there are 

similar opportunities that do not lock households into specific energy sources 

and ways of using the technology. Dismantling lock-ins will be discussed in the 

energy policy implication section. For the manufacturer, this type of design 

approach can be understood as ‘open pre-configuration’, where in the design 

phase the purpose is not to try to imagine and understand all possible future 

use cases and needs but rather to design a product in an enabling manner to 

open up options for innovative use cases and use practices that can evolve over 

time. Without strict pre-configuration there is no misuse of the product.  
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From a marketing perspective, this does not, however, mean that a product 

should not provide a clear solution to certain existing problem(s). It is always 

important to understand the total product offer and take care that from early 

on all needed components are in place to construct an ideally working entity 

for customers. Open, pre-configuration is a future looking concept that ex-

tends use options from initial product offering and gives freedom for easier 

modification and additions in later stages of use, be it software-based applica-

tions or hardware add-ons. 

5.2.2 Lead Users Helping to Recognize Reverse Salients 

Studying user innovations can help to understand what is missing from the 

market (Paper 3). Gaps can be found at several levels. They can even be new 

products but most of the user projects in this study aimed to create incremen-

tal improvements to current products rather than created totally new types of 

radical innovations. Thus, the value in studying user innovations is especially 

in the potential to reveal critical problems or so-called ‘reverse salients’ (see 

3.1). In this case the question is, what are the reverse salients of micro-

generation technologies in the Nordic environment? Whereas, the question is 

rather irrelevant with regard to mainstream technologies such as air-to-air 

heat pumps or geothermal heat pumps, it is highly relevant to several techno-

logical niches, and better understanding of weak points could reveal important 

development areas in micro-generation products. Air-to-water heat pump 

(Figure 5), wood pellet, and wood chip burning systems sales have remained 

marginal despite their direct fit with many retrofitted old oil heated houses in 

Finland. For example, active DIY of air-to-water heat pumps indicate that the 

price of commercial units is not at an acceptable level32. 
!

!

Figure'5.'Unit!sales!numbers!of!heat!pumps!in!Finland.'
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

32 In Hughes work, the cost example was brought up as an example of reverse salient in electricity sys-
tems development. The cost of long term distribution was a major issue when direct current was used 
that required the use of batteries in a transmission-distribution system (Hughes 1993, p. 83) 
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Exhaust air heat pumps 
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5.2.3 Power of Inclusive Participation with Various Groups 

To date, the dominant company-run user forum approach has been an own 

brand focus with sole control of the forums. Study of user-run online forums 

indicates that company-run online forum for a single brand is an artificial and 

limiting approach from a user perspective. Before, purchase help is needed in 

order to compare different competing solutions from various vendors. During 

the use period, products are embedded in practices of everyday life and use is 

typically linked to other products. In active engagement modes with technolo-

gy and product, such as craft consumption, the basic principle is using several 

products as raw materials to create the new. A product category type approach, 

instead of a product brand forum, may support development of user compe-

tences and lead to increased customer satisfaction. 

Establishing a branded forum for one company’s products may prove prob-

lematic in many aspects especially if the product(s) in question is not a per-

sonal product with a low aspirational dimension33. A case of a specific focus on 

one or few user groups, such as lead users, may prove to be problematic with 

respect to how to attract a large enough user group to keep the discussion alive 

in an online environment. Or, how to help users grow active and increase user 

capabilities to utilize a product? Moreover, companies might want to ‘out-

source’ part of the user support and basic questions to knowledgeable users. A 

strict focus on advanced users might hinder this type of target. For business 

purposes, it is important that online communities can stay active and attract 

new users. Users learn and develop over time, and some users ‘grow’ innova-

tive. When experiences accumulate, active users start to select very differently 

in what discussions and projects they get involved (Paper 4). When the us-

erbase of the forum is diverse, simple questions can be left for new recently 

joined experts. Lead users can continue for even more demanding projects or 

move to other technologies. However, if the forum is based on lead users only, 

they can easily become bored and move on, which leads to decreasing online 

activity and possible a death spiral of the forum34. 

For large MNCs, a virtual community as a tool to co-operate and engage with 

specific user groups can be used as a global approach. However, online pres-

ence does not replace more traditional local co-operation modes. Lead users 

can be invited into workshops to chart future development (Churchill, von 

Hippel & Sonnack 2009), a format that has been shown to be effective in many 

fields and is already trialed by German energy companies. Or more concrete 

tasks and pilots can be set up where such expressed future requirements and 

ideas can be iterated and developed further. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

33 Domestic energy technology is a good example of such a product.  The product or system can be rela-
tively hidden and it is not for personal use but used commonly by all household members who are having 
low emotional attachment to the product. It is traditionally considered uninteresting for building consumer 
identity. 
34 This has been noted in earlier research on user communities (Mollick 2005). 
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5.3 Implications for Climate and Energy Policy 

5.3.1 Towards Dismantled Lock-Ins 

Technology path dependency and lock-ins are usually understood as negative 

phenomena (MacKenzie & Wajcman 1999, p. 20). A successful energy policy 

takes high-level climate targets with certain levels of carbon reductions and 

opens up multiple futures and technological developments taking place in the 

competitive market. Dismantling of the lock-ins can also happen at a house-

hold level35. Regulation and supporting schemes should recognize the gradual 

nature of the adaption of domestic energy technologies. A high level of techno-

logical flexibility in residential energy systems would enable future extensions 

and changes of energy sources. However, increased flexibility in system design 

may result in higher upfront costs (Baldwin & von Hippel 2009). Economic 

incentives and support by government can play a role by helping householders 

to overcome the additional cost of extendable systems. Practical means to pre-

vent manufacturer lock-ins and avoid high technology switching cost can be 

achieved by a regulatory push towards standardization of system interfaces. 

The standardization has relied on a defacto type of development where the 

market decides in the long run the leading standard. Instead, a governance 

approach, where a regulator defines standards together with industry, could 

also improve the situation in the energy sector.36 Standardized system inter-

faces can enable easy modifications and add-ons, which appear to give greater 

autonomy on energy issues at the household level. 

A practical examples these types of policies would be the requirement of wa-

ter circulation for residential houses as a system level technology that enables 

the use of multiple heating energy sources. When investment is once made for 

hot water tank and heating radiators, these technologies form a domestic in-

frastructure (or technological platform) that is highly flexible. There can be 

multiple energy sources (e.g. ground-source heat pump, air-to-water heat 

pump, wood pellet burner, wood burning boiler, solar thermal collector) and 

additional sources can be installed or removed based on relative efficiency 

changes in the future. 

In this section I have discussed the technical unbundling of domestic energy 

systems at the household level. However, unbundling can lead to much wider 

implications in the industry. Baldwin et al. (Baldwin, Hienerth & von Hippel 

2006) argue that changes towards modular structure can have an impact on 

industry structure. Modularizations split up ‘design spaces’ in ways that in-

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

35 Thus far, regulation has concentrated on unbundling larger stuctures such as generation and distribu-
tion ownerships. 
36 For example in the telecommunication sector, industrial standardization together with strong regulatory 
bodies that are recognized by national governments has proven to be highly successful. In standardiza-
tion of NMT the initial region was Nordic countries. In 2nd generation mobile phone systems the scope 
was widened and GSM eventually became approved globally (Lehenkari & Miettinen 2002; Manninen 
2002). In similar manner, regulation in other industries can be started at a regional level, continued at EU 
level, and even extended to reach global coverage. Especially in the technology areas that are new, e.g. 
housing automation, standardization could help to establish a large market area for products, reduce 
cost, and lead to faster technology diffusion. 
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crease their overall ‘option value’37 and create favorable conditions for new 

companies to enter to the field. Modularizations also create new ‘technologi-

cally separable interfaces’ (Williamson 1985, p. 1), wherein transactions be-

tween firms can start to take place38. Thus, modularizations create conditions 

favorable to vertical disintegration and the formation of so-called ‘modular 

clusters’ (Baldwin, Hienerth & von Hippel 2006). 

5.3.2 Towards Open Dialogue with Prosumers  

In the current thesis, lead users of micro-generation were studied (Paper 3 and 

4). As with most other technologies, the proportion of users who have the will 

and capacity to carry out inventions and inventive modifications is relatively 

small. The group is highly active and inventions carried through by inventive 

users can be taken as knowledge that points to missed opportunities in the 

market. This user group’s active engagement with micro-generation technolo-

gies is high, and the group is very aware of the limitations of the technology 

and try to solve them by their own work and inventions. Hence, policy makers 

might also examine the inventions from the perspective of what needs to be 

done and where further actions are needed. 

For policy makers it important to understand the barriers that hinder the 

proliferation of local renewable energy generation. Another widely used meas-

ure is innovation policy. In both of these activities there is the possibility to 

involve inventive users in the processes of providing market knowledge that 

may be hard to find and process.  

5.3.3 Towards Increased Energy Autonomy 

Utilities and third-party businesses have started to provide micro-generation 

as energy services for households. These so-called third-party business mod-

els, including leasing, PPA or combinations,39 have spread centralized owner-

ship to decentralized units of production. Service-based models run by third-

party, for-profit companies are not concerned with broad social goals such as 

increased local ownership of energy production (Hess 2013). They do however 

feature economies of scale in deployment and lend DG an aura of respectable 

and sensible business.  

Local household ownership provides security and full control of production 

to individual users. An important aspect of control is an inbuilt incentive to 

develop energy provision and further invest in the system if needed. When the 

energy user owns the production equipment, the cost of producing energy is 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

37 The term option value has been used in cost benefit analysis and social welfare economics. It is the 
value that is placed on the private willingness to pay for preserving a public commodity to be available 
and usable in the future even though information of future needs is scant. Public subsidies of the produc-
tion of certain commodities to keep options available in the future may serve social welfare (Weisbrod 
1964). 
38 Similar arguments can be found in Arora et al. (Arora, Fosfuri & Gambardella 2001, p. 104) and the 
manuscript from Baldwin and Clark (Baldwin & Clark 2006). 
39 In Finland micro-generation has attracted very little third-party business models. 
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known for the whole lifecycle of the production unit. Service based business 

models may change the situation from the end user perspective. Services are 

based on contracts between an energy provider and energy user and may lower 

the predictability of the cost of the operation in comparison to the local owner-

ship. The traditional company-consumer relationship remains unchanged and 

a household may remain dependent on the volatility of energy market prices40 

in a similar manner to the centralized energy production environment. The 

above example demonstrates how technical decentralization of the energy sys-

tem does not imply improvements to all aspects of energy autonomy.  

Regulators have sought ways to increase the dynamics of the electricity mar-

ket, unbundling different parts of the energy system (cf. section 2.1.1). One of 

the important unbundling actions has been the splitting of utilities in to sepa-

rate companies for energy generation and distribution. This has increased 

competition in the energy market and made it possible for households to 

change the provider of energy. Service based business models might decrease 

the freedom for changing the provider. To make fee-for-service or lease a se-

cure business and feasible option for businesses, the system needs to be in-

stalled and remain in place for a long period of time because of the high up-

front cost of the installation and potential removal41. The solar panel company 

typically wants to sign customers for a lengthy contract (even 25 years). For 

the house owner, switching to another supplier becomes difficult or even im-

possible for a long period of time. 

Active engagement of micro-generation technology involves configuring 

technology to meet local requirements. In Paper 1 a large range of possible 

socio-technical configurations were made visible. However, socio-technical 

configurations, which can enable more active technology engagement, are sig-

nificantly more limited. In active technology adaptation, including building 

DIY projects, ownership and control of the system has to be within the house-

hold. Without ownership of the production unit, technological modifications 

and configurations are usually forbidden by the owner, which makes the house 

owner’s role relatively passive; like a traditional ‘user’ of the technology and 

consumer of energy. Consequently, the role of the house owner as an energy 

producer remains relatively underdeveloped and vague. All the interviewed 

households in the present study owned their domestic energy systems, which 

allowed groups of craft consumers and lead users to freely enhance their sys-

tem. Thus, if active engagement with micro-generation is seen as important, 

energy policy should stay vigilant with regard to ownership questions and 

support development towards increasingly local ownership.  

Nonetheless, micro-generation has the potential to increase choice in the en-

ergy market. While the development of service-based business models de-

creases the need for tied capital by consumers and thus potentially speeds up 

market uptake, a drawback is decreased prosumer opportunities to gain con-
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

40 Some cases consumer may be in subject to changing FIT. 
41 Installation and removal are laborious tasks that are difficult to automate. Typically labor costs repre-
sent 45% of Balance of System (BOS) costs. Rocky Mountain Institute. http://www.rmi.org/simple. Ac-
cessed Jan 23, 2014. 
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trol of energy provision and the negative impacts on energy autonomy, in 

which questions of ownership and power positions become important. In-

creased local ownership of energy production in the energy market also re-

quires capital investments from consumers in order to gain control and enable 

the ability to make decisions regarding one’s own energy production and to 

balance own consumption and production (demand and supply) together.  

To retain ownership at the local level is thus important and credit-based fi-

nancial products could support this development. Financing by financial insti-

tutions (credit) should be developed to remove the upfront payment. Local 

governments can also develop other types of mechanisms. Often a guarantee 

has been an issue in credit-based financing by banks, and governmental back-

up might play a role to support diffusion of household owned micro-

generation. Francisco DeVries from California gives an example of this type of 

approach. In this Sustainable Energy Financing District, the municipality 

takes part in financing by issuing bonds42 whose proceeds could finance the 

upfront costs of photovoltaic systems. Payback is achieved through participat-

ing homeowners who could use the money they save on their utility bills to pay 

the tax assessment. Unlike third-party financing, under this model the owner-

ship of the energy production unit rests with the building owner (Jenkins 

2009; Hess 2013). In Finland, government credit guarantees have been used 

successfully in other areas, for example in student study loans, without large 

bad debt and financial losses for government. A similar approach could be 

applicable also to promote local ownership of energy production and energy 

autonomy.  

Finally, it is worth emphasizing a possible middle ground for service-based 

models and energy autonomy. Third-party business models are an example of 

servitization taking place in organizing micro-generation. A mainstream mod-

el has been the coupling of ownership of micro-generation equipment, and the 

control of operation and management. Households could benefit from the un-

bundling of these two dimensions. In practice, this means outsourcing the op-

eration and maintenance to third-party service providers. In other words, in 

this case servitization does not equal third-party ownership. This requires rela-

tively self-sustaining technology with infrequent service needs and site visits, 

which is still is problematic area especially in wood or wood pellet heating sys-

tems.  This is an area that current innovation policy targeting energy innova-

tions and micro-generation particularly could look at.  

5.4 Further Research Avenues 

The present study brings out several avenues for further research. In the early 

STS there was a strong emphasis on studying engineering work and produc-

tion (Bucciarelli 1994; Ferguson 1992; Noble 1984; Winner 1978) but in recent 

studies the focus has shifted towards consumption technologies (Oudshoorn & 

Pinch 2007, p. 556). Co-creation, co-design, peer-production, sharing services, 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

42 In USA these are called Property Assessed Clean Energy (PACE) bonds. 
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prosumers etc. have further blurred boundaries between production and con-

sumption and it has become increasingly interesting in the studies of STS to 

step back towards a production-oriented approach in the current environment. 

The ICT field has led the change, and the most dramatic development of blur-

ring roles has been seen in Internet-based services. However, DG by small-

scale technologies is not radically different regarding wider prosumer partici-

pation in production.  

There are several very natural further research paths from analysis of socio-

technical configurations for micro-generation. The financial support mecha-

nisms and other regulatory measures, which are favored by current energy 

policies, have taken multiple flavors in different countries and regions. For 

example, the widely used FIT can create very different types of power struc-

tures and drive the socio-technical configurations of DG to very different di-

rections depending on selected details in the supporting scheme. E.g. the FIT 

scheme can exclude certain sizes of production and favor institutional inves-

tors. FIT to encourage energy prosumption combined with higher energy con-

sumer prices (for example fixed carbon tax in India and Japan, EEG surcharge 

in Germany) is a market-changing model that fundamentally changes financial 

incentives to invest in renewable generation. Economics drive increased ener-

gy autonomy when grid-connected electricity price increases (because of a tax 

or a surcharge) and in addition self-generated electricity that is fed to the grid 

is well compensated. Contextual factors go even beyond this. There are cultur-

al differences (how people use credit, saving levels, popularity of rented versus 

owning houses) and accumulated wealth differences between countries that 

can lead to very different type of dominant socio-technical configurations. Be-

cause of contextual factors and even local contingencies can support or hinder 

certain configurations become mainstream and viable in the long term. The 

review paper on socio-technical configurations in the present work takes high-

level view and there are various avenues for in-depth empirical research that 

could grasp underlying dynamics of socio-technical configurations taking 

place renewable micro-generation.  

Another salient research topic would be to understand better the learning 

processes taking place in technology domestication. Learning-by-using has a 

key role in technology adaptation. Learning is required to realize the potential 

of technology. The users’ increasing skill and understanding in using the prod-

uct leads to new uses (Hyysalo 2006; Rosenberg 1976). In earlier domestica-

tion research Sørensen et al. (2000) emphasize cognitive processes related to 

the learning of practice when studying the taming of a technology. Thus, pro-

cesses and dynamics of learning, and how learning continues throughout do-

mestication pathways of multiple technologies, deserve more attention in fu-

ture research. Particularly, research on interlinked temporal sequences of do-

mestication would be interesting avenue for further research to open up ques-

tions like how learning with new technology and acquired new information 

change and potentially enrich usage of earlier domesticated products. 

Lastly, it is time to go back to the worldwide success of heat pump technolo-

gy. Air heat pump users represented the single largest user group in this study. 
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With over 400 thousand installations in Finland it is an example of a widely 

diffused innovation that has radically improved the energy efficiency of the 

existing detached housing stock. Indeed, air heat pumps could receive more 

attention in technology studies. A heat pump as a technology is over 150 years 

old but recent decades have radically changed the course of the technology. 

Especially interesting is the impact of an emerging middle class in China as a 

new mass market that has taken the production volumes of the technology to a 

new level, pushed down the cost of products, and consequently enabled phe-

nomenal growth everywhere in the world, even in conditions in which certain 

low cost product models were never meant to be installed. 
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Abstract'

A widespread adoption of distributed generation (DG) technologies in energy 

systems can play a key role in creating clean, reliable energy and support the 

targets of emission reduction. A transition from current modes of production 

to a significant deployment of renewable energy technologies can fundamen-

tally affect the structure of the industry and change the way energy is pro-

duced, transmitted and sold. The current paper provides an extended review of 

the socio-technical configurations of micro-generation based on journal publi-

cations and reports during the 21st century. The paper analyses currently exist-

ing and missing configurations and discusses technology and policy implica-

tions to support proliferation of micro-generation technology and local energy 

production from renewable sources. The potential for new configurations can 

be found particularly in heat producing micro-generation with solar heat, heat 

pumps, and biomass. Developing further the operations and maintenance of 

distributed generation technologies and business models appears an area that 

calls for further innovation, and corresponding innovation policy measures. 

Third party service and community-driven deployment models can aide the 

proliferation of distributed generation and further innovation therein, justify-

ing the introduction of feed-in-tariffs to attract such models during their early 

diffusion.  
!

Keywords:!MicroMgeneration;!Renewable!energy;!Distributed!generation!!
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1. Introduction 
Decentralized energy production based on renewable sources is a commonly 

presented vision and solution for future energy needs (Akorede, Hizam & 

Pouresmaeil 2010). The exponential growth in distributed photovoltaic instal-

lations has been accompanied with a widening range of their deployment 

models. Other decentralized renewables appear to feature fewer alternatives to 

the deployment models. As a fuller range of available models could also help 

the proliferation of these technologies, it is worth examining whether these 

technologies have hitherto been deployed in a more limited array of models, 

and if so, are these limitations inherent or could they be subjected to targeted 

measures for innovation and for energy policy. After an analytic review it ap-

pears that only some of the limitations are inherent and there is room for de-

velopment.  

According to recent research, distributed generation (DG) technologies may 

yield significant benefits in terms of energy efficiency and reduced carbon 

emission. This is due to the fact that DG combines geographically dispersed 

decentralized generation from preferably renewable sources (Akorede, Hizam 

& Pouresmaeil 2010; Wolsink 2012). DG can reduce losses in energy distribu-

tion (Allen, Hammond & McManus 2008) and improve energy security by 

producing energy close to the point of consumption (Watson et al. 2008). In 

addition, DG from renewable sources, also called micro-generation, may foster 

social equity in energy services and reduce dependencies on foreign energy 

sources.  

Energy technologies are not just material objects, they also can be seen as 

embedded components of socio-technical systems – in which energy final us-

ers, producers, infrastructures, regulators, and other intermediaries are all 

embroiled (Walker & Cass 2007; Bijker, Pinch & Hughes 1987; Coutard 1999; 

Elzen, Geels & Green 2004). A transition from current modes of production to 

significant deployment of renewable energy technologies will fundamentally 

affect the structure of the energy industry and change the way that energy is 

produced, transmitted, and sold (Frei&2008;&Wolfe&2008;&Small&&&Frantzis&2010;&
Richter&2011;&Houwing&et&al.&2008).  

Technologies emerge through active development, linkages, and the align-

ment of various heterogeneous, social, and technical elements into working 

configurations (Smith & Stirling 2010).  Science and technology studies (STS) 

have revealed a wide variety of different ‘configurations’ of renewable energy 

technologies and the elements of social organization involved in their deploy-

ment.  Socio-technical configurations comprise assemblies of technological 

components, and non-technological components such as human factors. A 

configuration can be seen as a unique assembly of components built up to 

meet the particular requirements of organization (Fleck 1993; Hyysalo 2010). 

These organizational interacting mechanisms around energy technology in-

clude dimensions such as ownership, management, operation, and infrastruc-

ture (Walker & Cass 2007).   
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Another stream of literature and research has been interested in value 

chain(s) in the renewable energy business and deployment models (Watson et 

al. 2008). Especially the issue of utilities' business models for renewable ener-

gy has been addressed by a number of recent reports (Frantzis& et& al.& 2008;&
Nimmons&&&Taylor&2008;&Duncan&2010;&Richter&2011,&2012) and academic stud-

ies (Schoettl & Lehmann-Ortega 2011).   

Both streams of literature show how organizing a micro-generation is in con-

stant change and new configurations are emerging. Production of renewable 

energy is becoming multifaceted and clear demarcation lines between central-

ized and decentralized, grid-connected and off-grid, and producer and con-

sumer, are increasingly becoming blurred. New configurations consist of dif-

ferent sizes of networks that underpin the energy consumption of consumers 

and communities. (Wolsink 2012).  

This paper is interested in the deployment of micro-generation technologies. 

The article builds on the framework introduced by Walker and Cass (2007) in 

2007, and adapts it to discuss renewable micro-generation, the covering tech-

nologies, ownership, financing, production, and the distribution of energy. 

Our contribution is twofold. First, we review current academic literature com-

plemented with up to date documents to reveal existing socio-technical con-

figurations of renewable micro-generation technologies. Second, we analyze 

technological and organizational combinations that create configurations 

which remain unrealized or marginalized (cf. Sauter & Watson 2007). Our 

findings offer insight for policy makers in the field of energy, and help compa-

nies and user groups to understand various opportunities and current re-

strictions when enhancing the diffusion of micro-generation technologies and 

scaling up local renewable energy production. Such insight and opportunities 

have been hitherto discussed mostly with regard to the solar photovoltaics 

(PV) domain only, and we expand on this. 

The article begins with opening up the concept of decentralized generation, 

micro-generation, and the methodological approach that will be used in this 

study. We then describe different types of socio-technical configurations tak-

ing place in the micro-generation of heat and electricity. In section 4 we ana-

lyze marginal and missing configurations and the reasons that hinder the 

emergence of certain configurations. Finally, we discuss innovation and energy 

policy implications and how these could speed up the proliferation of micro-

generation technologies. 

1.1. Concept of Micro-Generation 

Decentralized or distributed energy supply refers to the generation of energy 

close to the place where energy is used. It can mean a range of generator sizes; 

from residential households to community or district-level (Allen, Hammond 

& McManus 2008). Micro-generation is the term given to small-scale local 

energy generation, and it has various definitions, which vary from country to 

country. The key characteristics of these definitions are that micro-generation 

occurs at a local scale, it can include both the generation of heat or electricity 
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or both, and it generates small amounts of electricity compared to centralized 

plants. Furthermore, there is often a requirement of environmental friendli-

ness in the production. For example in the UK, the Energy Act section 82 de-

fines micro-generation as generating plant with a capacity of less than 50 kW. 

Most residential installations are in the range of 2.5-3 kWpcs (Allen, 

Hammond & McManus 2008; Schoettl & Lehmann-Ortega 2011). In the case 

of electricity, it can be for the sole use of the building’s occupants or it can feed 

the National Grid. 

Various renewable energy sources are used for micro-generation. These in-

clude solar, wind, biomass (e.g. wood, wood pellet) power, and the utilization 

of outdoor and ground-source heat. Hydropower can also be built on a small-

scale, the capacity defined as small, mini or micro-hydropower (Dudhani, 

Sinha & Inamdar 2006). It is noteworthy that micro-hydropower definitions of 

size and capacity differ from other sources, and a hydropower plant with the 

capacity of between 50 KW and 10 MW is still considered as a micro-

hydropower (Kosa et al. 2011; Thornton & Monroy 2011). In this article we 

focus on the above common technologies that are available as established 

commercial systems in many markets, even if not necessarily globally.  

2. Analytical Framework 

2.1. Organizing around Micro-Generation 

Different types of deployment models of micro-generation have received atten-

tion in studies of energy policy. These models include business model like con-

siderations, but also take into account different ways of social organization of 

production, such as community energy (Watson et al. 2008). As micro-

generation is gaining momentum, new types of actors and ways of organizing 

around micro-generation are emerging. 

In earlier studies, by Walker and Cass (2007) and Sauter (2008), the authors 

make a division between technology and social and infrastructural actors in 

their conceptualizations of socio-technical configurations of the renewable 

generation. Technologies generate usable energy in the form of heat or elec-

tricity. The social and infrastructural actors utilize the technologies. These 

actors take care of functions such as generation, distribution network, owner-

ship, operation, management, service, consumer–supplier relationship and 

supply chain. How the energy technology is used also includes considerations 

of learning, skills and the function for which the energy is used. Walker and 

Cass examine all sizes of renewable energy production and list five implemen-

tation ‘modes’: public utility, private supplier, household, community and 

business (Walker & Cass 2007, see Table 2, p. 462). These modes especially 

reflect the ownership dimension of production. Walker and Cass (2007) 

framework is the most comprehensive attempt to analyze socio-technical con-

figurations of renewable energy productions. Thus it has been taken as starting 

point in this study to create a practical tool for analyzing micro-generation 
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technologies. , For the purposes of the present study, the Walker and Cass 

framework has been adapted for analyzing particularly micro-generation. This 

further focuses and develops the earlier model in the following aspects:  

• Nuanced examinations on function and service have been left out of 

this model. Function and service is electricity or heat is always pro-

duced primarily for local consumption and sometimes also fed to 

grid. Questions of final energy consumption purposes such as com-

fort, warmth, visibility, or mobility and do require further research 

that goes beyond literature review scope. 

• Micro-generation implementation model variations are more limited. 

In practice three implementation modes takes place, namely house-

hold, community, and business (aka company-driven, utility or third 

party business) (Sauter & Watson 2007). 

• Locality can be seen as a key dimension in conceptualizing micro-

generation and has been added as second dimension to our analysis 

framework. Dimensions of ownership and financing, operation and 

maintenance, and distribution of energy can be viewed from the 

point of locality; i.e. what is the physical and institutional distance 

between the local site of production and the site of service consump-

tion (Walker & Cass 2007). The degree of locality depicts energy au-

tonomy or self-sufficiency, which is the ability of an energy system to 

function based on own local energy generation, storage, and distribu-

tion systems without the need of external support (Rae & Bradley 

2012). The proximity levels (user/household, community, business) 

follow widely used approach in the literature. An abstraction level of 

analysis has been put to a position that can be answered and filled by 

a rigorous literature review.   

The socio-technical configurations framework for micro-generation is present-

ed in Figure 1. The vertical axis presents increasing locality in three steps, and 

horizontally the figure is divided in to three separate dimensions; ownership 

and finance, management and operation, and distribution as described above.  

  

!

Figure 1. The socio-technical framework: Non-technical dimensions and proximity between 
point of generation and energy use (adapted from (Walker & Cass 2007)). 
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2.2. Methodology and Procedure 

In this paper, our analysis follows the socio-technical configurations frame-

work for micro-generation. The analysis of socio-technical configurations can 

make visible both the options of organizing around renewable micro-

generation and the value network around local small-scale energy production. 

In the study of configurations, the micro-generation of energy is scrutinized 

without particular actors’ viewpoints (corporate, community, or us-

er/consumer/citizen). How actors take different positions in a socio-technical 

network within which they operate then becomes interesting. The actors in-

clude individual users, communities, and corporates1. The configuration depic-

tions show how different dimension can be configured in multiple ways.  

The concept of shared value creation has received limited attention in tradi-

tional energy business model analysis, which is based on a top-down hierarchy 

from generation to distribution and the final use of energy. A value chain per-

spective is presented in Figure 2. In the value chain, actors follow each other in 

the marketplace. However, decentralized energy systems can be characterized 

as value networks (cf. Po ̈yry Management Consulting Oy 2013 and Christens & 

Rosenbloom 1995 ). To understand the roles and engagements of actors within 

the energy system requires a multidimensional conceptualization (Walker & 

Cass 2007). A configuration can be seen as the conceptualization of a network 

wherein actors take a position, connect to each other, add value, create and 

share knowledge, and make transactions.  

 

Figure 2. Value chain perspective of micro-generation.2  

Our analysis is based on two separate information sources or sets.  There has 

been increasing interest that research addresses different aspects of micro-

generation technology and business and development models. Thus, a logical 

point of departure in this study was to review recent (from 2000 to 2013) aca-

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

1 In the network of actors policy makers also play a role, especially in the formulation of (dominant) con-
figurations.  However, if production-based supporting mechanisms such as FIT are not used, the role of 
regulation may be rather limited in a socio-technical configuration that is running a daily operation. 
2 The example case of solar (PV) technology. Adapted from (Pöyry Management Consulting Oy 2013) 
and (Nimmons & Taylor 2008). Distribution of electricity is not included in the figure. Other electricity gen-
erating technologies follow the main features of the solar PV value chain. In heat production, the supply 
chain of energy source material creates an additional dimension to the value chain. 

Project(planning(phase(

Area(planning(
System(pre5
planning(

Opera7onal(
model(planning( Licenses(

Financing(
op7ons(

Feasibility(
planning(

Implementa7on(phase(

Property(
planning( Construc7on(

System(
planning(

System(
verifica7on(

Sourcing( Installa7ons(

Use(phase(

Ownership( Maintenance(

Opera7ons(
electricity((or(
heat)(sales((

House(/(space(
use(

Feasibility(
planning(

Manufacturing(phase(

Raw(Silicon(
Material(

Cell(
Manufacture(

Module(
Assembly(

Balance(of(
System((BoS)(

Upstream(value(chain( Downstream(value(chainl(

Socio5technical(
configura7on(



Paper 1: Renewable Micro-Generation of Heat and Electricity 
 

! 7!

demic articles on micro-generation in the areas of business and deployment 

models. These models explain the key characteristics of organizing around the 

technology, define points of control, and help to construct depictions of socio-

technical configurations that have already been recognized in research and 

academic literature. The literature review includes an extensive set of empiri-

cal studies both from bottom of the pyramid markets (BOP) and from devel-

oped industrial countries.   

However, renewable micro-generation is an emerging area: academic litera-

ture is scant and most of it is too constricted to thoroughly address the issue. 

Moreover, many of the models are emerging as we speak, and academic publi-

cations appear to lag behind the new configurations and value networks that 

are emerging.  Thus, other sources available on the Internet were consulted in 

order to gather further information relevant to the analysis and to fill the gaps 

in academic publications. The additional material includes reports, docu-

ments, company pages, and material from cleantech news sites.  

This study has two main research questions: 

1. What kind of socio-technical configurations have been established 

around renewable micro-generation technologies? 

2. What are the missing configurations and the underlying limitations 

and barriers affecting the absence of certain configurations? 

The literature review began by searching with 11 relevant keywords3 from two 

main academic search services. First, a full text search was carried out in Eb-

sco for Financial Times 45 list business journals. Second, both Ebsco and 

Sciverse ScienceDirect full text searches were carried out for a wider range of 

business, economics, technology, and energy specific journals. The initial 

round resulted in 1138 articles from 145 journals. The duplicates of articles 

were then removed, bringing number of articles down to 925. Conference pro-

ceedings, non English journals and outside of scope tech journals (e.g. hydro-

gen or fuel cells technology) were removed, which reduced the number of 

journals to 128 with 913 unique articles. Finally, based on an examination of 

abstracts4, 78 publications were found that were relevant for this study, of 

which 19 articles had a significant contribution in the area of business or de-

ployment models (discussed in section 3.2).  

  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

3 Community energy, decentralized energy (decentralised energy), decentralized power (decentralised 
power), dispersed generation, distributed energy, micro-generation (microgeneration), rooftop solar, solar 
home system, solar AND fee-for-service, solar AND lease, third party solar 
4 The abstract addressed topics of business and deployment models, financing, operations, management, 
storage or distribution of heat or electricity. 
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3. Existing Configurations - Technical 
and Non-Technical Aspects  

3.1. Technologies of Micro-Generation 

Micro-generation technologies are small-scale systems that generate energy in 

usable form from heat or electricity or both. In the historical perspective, the 

oldest form of micro-generation is wood burning fireplaces, but available 

technology alternatives, product models and solutions are steadily increasing. 

To give an overview of commonly5 used technologies, Table 1 presents energy 

sources and technological alternatives of micro-generation. Micro-generation 

is a technology that converts a source energy to a form that can be utilized for 

certain functions, which, for example, can be warmth or comfort (Walker & 

Cass 2007).  

Table 1. Common micro-generation technologies by source and function. Adapted from (Ako-
rede, Hizam & Pouresmaeil 2010; Thornton & Monroy 2011; Juntunen 2014). 

Energy Source Energy Technology Output Power Type 

Hydro power Small hydro-turbines Electricity 

Wind  Micro-wind power Electricity 

Solar Solar PV Electricity 

Solar Solar thermal collector Heat (water) 

Solar Solar air collector Heat (air) 

Biomass: Wood Fireplaces Heat (air or water) 

Biomass: Wood Wood burning boiler Heat (water) 

Biomass: Wood pellet Wood pellet boiler Heat (water) 

Outdoor air heat (+electricity) Air source heat pump Heat (air) 

Outdoor air heat (+electricity) Air to Water heat pump Heat (water) 

Ground heat (+electricity) Ground-source heat pump Heat (water) 

Indoor air heat (+electricity) Exhaust air heat pump Heat (air) 

3.2. Ownership and Financing  

Various legal and financial models of ownership have been adopted for micro-

generation. One hundred percent public ownership is not common, but public 

involvement in supporting schemes is widely present. A whole range of com-

binations between public and private ownership exists: projects can be com-

munity owned, or may be developed under co-ownership arrangements (e.g. 

public-private sector partnerships). Projects can involve the ownership of en-

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

5 Emerging technologies (e.g. bio-gas, micro-CHP and fuel cells) without significant market adaptation 
have not been listed. 
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ergy generation that is grid-connected or off-grid, or can combine the locally 

owned production and consumption of energy (e.g. where heat is generated for 

local use for one or several buildings) (Walker 2008). 

Ownership issues are inseparable from organizing the financing for energy 

production. There is an extensive literature on financial subsidies for energy 

projects. Through the use of subsidies, government aims to lower the cost of 

energy provision either through incentives for energy generation or price re-

ductions to consumers. In recent research, the main interest has been to study 

energy generation incentives, namely feed in tariffs (FIT), to enhance the dif-

fusion of the technology (Ross, McHenry & Whale 2012; Diaz-Rainey & Tzava-

ra 2012). Table 2 presents an overview of recent literature on business, financ-

ing and deployment models.  

Table 2. Literature review of academic articles on micro-generation business, finance and de-
ployment model and socio-technical configurations.  

Ref Author(s) 
& Year of 
Publica-
tion 

Publication 
name 

Journal Business or 
deployment 
models covered 

Type / Empir-
ical study 
area or coun-
try if applica-
ble 

Technol-
ogies 
included 
to empiri-
cal work  

I A. Derrick  
1998 
(Derrick 
1998) 

Financing 
Mechanisms for 
renewable 
energy 

Renew-
able 
Energy 

Revolving funds, 
credit co-
operatives, renting 
schemes, utility 
schemes/leasing, 
hire purchase 

Conceptual  Solar PV  

II M. Dornan 
2011 
(Dornan 
2011) 

Solar-based 
rural electrifica-
tion policy de-
sign: The Re-
newable Energy 
Service Compa-
ny (RESCO) 
model in Fiji 

Renew-
able 
Energy 

Fee-for-service 
(RESCO) 

Empirical 
study / Fiji 

Solar PV 

III E. Drury et 
al. 2012 
(Drury et 
al. 2012) 

The transfor-
mation of south-
ern California’s 
residential pho-
tovoltaics market 
through third-
party ownership 

Energy 
Policy 

Customer owned, 
Third party owned 

Empirical 
study / Cali-
fornia, United 
States 

Solar PV 

IV C. A. 
Friebe et 
al. 2013 
(Friebe, 
von Flotow 
& Täube 
2013) 

Exploring the 
link between 
products and 
services in low-
income mar-
kets—Evidence 
from solar home 
systems 

Energy 
Policy 

Sales model (cash 
and credit), ser-
vice model (leas-
ing and fee-for 
service) 

Empirical 
study / several 
emerging and 
developing 
countries. 

Solar PV 

V D.J. Hess 
2013 
(Hess 
2013) 

Industrial fields 
and countervail-
ing power: The 
transformation of 
distributed solar 
energy in the 
United States 

Global 
Envi-
ronmen-
tal 
Change 

Publicly owned 
Utilities, PACE 
(DeVries model), 
Share based 
models (Mt. 
Pleasant Solar Co-
op and 1BOG) 

Empirical 
(Comparative 
case study) / 
United States.  

Solar PV 

VI J.C.C.M 
Hujiben 
and G.P.J. 
Verbong 
2013(Huijb
en & 
Verbong 

Breakthrough 
without subsi-
dies? PV busi-
ness model 
experiments in 
the Netherlands  

Energy 
Policy 

Customer-owned, 
Community 
shares, Third party 

Review and 
empirical data 
/ Netherlands 

Solar PV 
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2013) 

VII X. Lemaire 
2009 
(Lemaire 
2009) 

Fee-for-service 
companies for 
rural electrifica-
tion with photo-
voltaic systems: 
The case of 
Zambia  

Energy 
for 
Sustain-
able 
Devel-
opment 

Fee-for-service (by 
ESCOs) 

Empirical 
study / Zambia 

Solar PV 

VIII X. Lemaire  
2011 
(Lemaire 
2011) 

Off-grid electrifi-
cation with solar 
home systems: 
The experience 
of a fee-for-
service conces-
sion in South 
Africa 

Energy 
for 
Sustain-
able 
Devel-
opment 

Fee-for-service, 
credit (micro-
credit) 

Empirical 
study / South 
Africa 

Solar PV 

IX B. Mainali 
and S. 
Silvera 
2011 
(Mainali & 
Silveira 
2011) 

Financing off-
grid rural electri-
fication: Country 
case Nepal  

Energy Fee-for-service, 
leasing of energy-
generating prod-
ucts, credit (credit 
from local cooper-
atives, revolving 
funds, credit from 
commercial banks) 

Empirical 
study / Nepal 

Micro-
hydro and 
solar PV 

X B. Mainali 
and  S. 
Silvera  
2012 
(Mainali & 
Silveira 
2012) 

Renewable 
energy markets 
in rural electrifi-
cation: Country 
case Nepal  

Energy 
for 
Sustain-
able 
Devel-
opment 

Cash, credit, 
private ownership, 
community owner-
ship) 

Empirical 
study / Nepal 

Micro-
hydro and 
solar PV 

XI G.Y. 
Obeng 
and H.-D. 
Evers 
2010 
(Obeng & 
Evers 
2010) 

Impacts of public 
solar PV electri-
fication on rural 
micro-
enterprises: The 
case of Ghana 

Energy 
for 
Sustain-
able 
Devel-
opment 

Fee-for-service Empirical 
study / Ghana 

Solar PV 

XII L. Okko-
nen and 
N. 
Suhonen 
2010 
(Okkonen 
& 
Suhonen 
2010) 

Business mod-
els of heat 
entrepreneur-
ship in Finland. 

Energy 
Policy 

Co-operative, 
ESCO (larger 
scale utility models 
presented also) 

Empirical 
study / Finland 

Wood 
pellets, 
wood and 
peat 

XIII M. 
Provance 
et al. 2011 
(Provance, 
Donnelly & 
Carayanni
s 2011) 

Institutional 
influences on 
business model 
choice by new 
ventures in the 
microgenerated 
energy industry 

Energy 
Policy 

Plug and play, 
company-driven, 
community micro-
grid 

Conceptual Generic 

XIV V. Rai and 
B. Sigrin 
2013 (Rai 
& Sigrin 
2013) 

Diffusion of 
environmentally-
friendly energy 
technologies: 
buy versus lease 
differences in 
residential PV 
markets 

Envi-
ronmen-
tal 
Re-
search 
Letters 

Lease (utility), 
cash 

Empirical / 
United States 

Solar PV 

XV M. Richter 
2013 
(Richter 
2013) 

German utilities 
and distributed 
PV: How to 
overcome barri-
ers to business 
model innova-
tion 

Renew-
able 
Energy 

Utility DG, energy 
efficiency, distrib-
uted storage 

Empirical 
study / Ger-
many 

Solar PV 
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XVI R. Sauter  
2008 
(Sauter 
2008) 

Socio-technical 
implications of 
domestic micro-
generation 
technologies in 
the UK electricity 
system 

Interna-
tional 
Journal 
of Envi-
ronmen-
tal 
Tech-
nology 
and 
Man-
agement 

Plug and play, 
community micro-
grid, company-
driven (utility and 
new energy ser-
vice companies) 

Empirical 
study / United 
Kingdom  

Generic. 
Discusses 
micro-
CHP, 
micro-
wind, solar 
PV. 

XVII R. Sauter 
and J. 
Watson 
2007 
(Sauter & 
Watson 
2007) 

Strategies for 
the Deployment 
of Micro-
Generation: 
Implications for 
Social Ac-
ceptance 

Energy 
Policy 

Plug and play, 
community micro-
grid, company 
control 

Review + 
empirical data 
/ United King-
dom 

Generic 

XVIII G. Walker 
2002 
(Walker 
2002) 

Financing Dis-
tributed Genera-
tion 

Energy 
Engi-
neering 

Appropriations, 
commercial bank 
loan, home mort-
gage or equity 
loan, lease, utility 
financing, chauf-
fage (conceptual: 
vendor financing, 
bonds) 

Empirical 
examples / 
United States 

Internal 
combus-
tion en-
gine, small 
gas tur-
bine, fuel 
cell, solar 
PV, micro-
wind 

XIX J. Watson 
2004 
(Watson 
2004) 

Co-provision in 
sustainable 
energy systems: 
the case of 
micro-generation 

Energy 
Policy 

Plug and play, 
company owner-
ship, leasing 

Simulation / 
United King-
dom 

Solar PV 
and micro 
CHP 

!
Ownership models can be divided in to different categories by looking at the 

distances from operational technology and energy production site to an actor 

or an institution that holds the ownership of the production equipment. From 

this viewpoint ownership can be divided in to a local ownership at site of the 

production or to ownership outside the site of production. Both ends include 

various kinds of models. Friebe et al. (Friebe,&von&Flotow&&&Täube&2013) exam-

ine solar PV technology and divide options along the lines of cash, credit, leas-

ing, and fee-for-service. Based on the literature review, business and owner-

ship models of solar PV has been most widely studied among micro-generation 

technologies. The existing models are also most diverse in solar PV technology.   

However, similar models may also be applied, in principle, to other micro-

generation technologies, but certain technology characteristics do set limits 

and hindrances to this, which we will discuss later.  

The traditional ownership model is where house owners, or similar, own the 

production unit and use upfront cash or credit (e.g. home-equity loan) to pur-

chase equipment. Both of these options have been more popular in developed 

countries, whereas in the BOP context, other alternatives are typically used.   

When the ownership of production is outside of the production site, third 

party financing is used. Third party financing models i.e. service-based models 

include both Power Purchase Agreement (PPA) and lease (Hess 2013). There 

are no clear-cut definitions and implementations have some variation, and 

models can also be mixed and have various local marketing terms. For exam-

ple, solar PV lease can be called ‘rent-a-roof’ and PPA as fee-for-service, which 

can be marketed as ‘free solar on your roof’ (Smith et al. 2013). Fee-for-service 

and lease customers have different payment structures. With a lease consumer 
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pays monthly fee, which is not tied to level of production, and with a fee-for-

service the payment can be fixed or based on variable production. The details 

of third party financing can vary, e.g. a lease contract can allow the consumer 

to purchase the system over a certain period defined by the initial equipment 

owner. The homeowner can feed an oversupply of electricity back to the grid 

and sell electricity to an electricity service provider. Third party financing has 

become the dominant form of financing for domestic solar PV in the U.S. 

(Hess 2013).  

In BOP markets, the fee-for-service model is receiving increased attention. 

Next to all of the studies of fee-for-service focus on BOP markets. Using micro-

credit for building new energy capacity, or implementing a fee-for-service util-

ity model, is now considered as two desirable options to create a dynamic self-

sustained market for solar home systems (Lemaire 2011).   

On the other hand, in developed countries with generous FIT programs, PPA 

(rent-a-roof) are gaining momentum. Third party companies can lease the 

equipment, and large utilities have entered the market and provide DG tech-

nology to commercial users and private consumers (Richter 2013). 

In summary, while DG is growing, and new types of business models are en-

tering the field, the field includes a range of different models of financing and 

ownership (Hess 2013).  

3.3. Operation and Management 

In the operation and management configuration, interest is on who manages, 

controls and maintains the hardware, and how is this organized (Walker & 

Cass 2007). Ownership of micro-generation equipment and control of opera-

tion and management are typically tightly coupled, thus ownership has a high 

influence on socio-technical configurations. To keep technology operating and 

energy output high is primarily the owner’s responsibility. However, owner-

ship and operations can be also separated via outsourcing (Dornan 2011), 

whereby ownership is purely a control and financing issue, without material 

responsibilities. 

Feasible operation and management configurations are highly defined by the 

operation needs of the technology. The operation needs vary significantly from 

one micro-generation technology to another. While electricity generation from 

solar requires relatively low maintenance depending on environmental condi-

tions such as soiling rate, heat production technologies using biomass can re-

quire weekly (e.g. wood pellet heating) or even daily (e.g. wood heating) inter-

vention. Figure 3 shows how operation and maintenance frequency separates 

electricity from heat producing technologies. Management and operation can 

be organized privately, collectively, or publicly, but viability of these options is 

tied to an actor’s (maintenance worker) proximity to the technology and to the 

frequency of a required site visit.  
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Figure 3. Micro-generation technology operation needs. 

3.3. Distribution of Energy 

Although the basic principle of micro-generation is to produce and consume 

energy at the same location, a distribution network enables the transfer of en-

ergy and proximity between production and consumption. This solid infra-

structural connection is an essential dimension in the analysis of the socio-

technical configuration.  

In Figure 4, electricity distribution is used as an example to demonstrate the 

multitude of distribution configurations. Electricity distribution occurs 

through different types of organizations, with country variations and owner-

ship combinations. Traditionally the ownership of the distribution network 

has been traditionally concentrated to large organizations such as those of the 

state, municipality, or energy utilities. For example, in the U.S., electricity dis-

tribution occurs through three main types of organizations – public utilities, 

investor owned utilities, or distribution cooperatives (Hess 2013). These very 

same distribution networks are used when micro-generation is connected to 

the grid. 

Social public–private partnerships or customer trusts are examples of new 

forms of ownership used with distribution networks. In New Zealand there is a 

local electricity distribution company having the form of a customer trust, it is 

owned and governed by consumers (Pollitt 2010). In Germany, within the last 

five years over 450 new energy cooperatives have emerged that are not only 

setting up energy generation but also have taken an important role in running 

local grids (Buchan 2012). When local distribution wires are owned locally, the 

need to regulate wholly privately owned network monopolies and mitigate the 

need to regulate long term contracts for locally produced electricity and heat 

services is reduced (Pollitt 2010). 
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Figure'4.'A!simple!electric!system!(Figure!adapted!from!(Foxon!et!al.!2005;!Houwing!et!al.!2008)).''

Micro-grids are smaller scale infrastructures between the universal (or nation-

al) network and off-grid solutions.  Micro-grids are increasingly important 

where production is based on distributed resources, multiple electrical loads, 

and meters. These connected generation units can form an autonomous grid. 

The micro-grid can be either a parallel island from the wider national grid or 

connected to it. In the most common configuration, micro-generation inside a 

micro-grid is tied together with its own distribution feeder and that micro-grid 

is linked to the national grid at a single point of common coupling. In ‘islanded 

mode’ there is no connection to the grid. Micro-grids can enhance energy se-

curity and reliability in various ways. They can reduce distribution losses, sup-

port local voltages, provide increased efficiency or provide stable power supply 

functions (Jiayi, Chuanwen & Rong 2008). Micro-grids are gaining momen-

tum, with hundreds of individual projects already implemented or under con-

struction worldwide (Asmus, Lauderbaugh & Lawrence 2013).  

Production and consumption of all produced energy at the same site without 

connection to external networks is a special case. In the case of electricity, an 

off-grid system works standalone. All of the produced energy is used at the site 

of production and the system is self-reliant. Recently, off-grid electrification 

has been promoted for rural electrification as an answer to the growing energy 

needs in developing countries (Hong & Abe 2012). In many developed coun-

tries with an extensive national grid, off-grid and micro-generation has been 

used widely in special cases, such as on summer houses and holiday homes. 

For example, in Nordic countries in the case of remote houses there is a trade 

off between new grid extension and solar PV, which favors solar PV because 
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constantly falling panel and installations costs (Oliver & Jackson 1999). In 

terms of the micro-generation of heat, production without external distribu-

tion and connection is even more popular. Most small-scale installations are 

not equipped with thermal network connection to the other consumption 

units. Because of the losses in distribution distance between production and 

consumption becomes limited. Thus current heat distribution networks con-

nect buildings in urban area or within-community. District heating networks 

can be considered as equivalent to electricity micro-grids. Both provide medi-

um proximity distribution.   

The electricity infrastructure types presented in Figure 4 provides high-level 

depictions of distribution configurations. In terms of economic considerations, 

how electricity is measured becomes interesting with regard to how monetary 

transactions are carried out and how an established market price is formed. 

The development and promise of a smart-grid is seeking to develop a more 

transparent, two-way, distribution network, which enables small-scale produc-

tion connection to the grid and participation in the electricity market. The 

promise of smart-grids is that it can develop the grid towards more sustainable 

system that is more reliable and more efficient in both technologically and 

economically (Verbong, Beemsterboer & Sengers 2012). Peer-to-Peer network-

ing concepts have brought models from ICT systems to community energy 

systems (Steinheimer, Trick & Ruhrig 2012). These concepts have the poten-

tial to change how micro-generation in the context of the community can be 

organized. Current micro-generation community energy is based on close 

proximity users co-operating in energy production. In the future a community 

could be seen in a new way in the smart-grid environment, where the peer-to-

peer approach spreads out from a close proximity community to a group of 

remote households generating and using, and selling and buying their own 

energy to each other and using the national grid for their electricity distribu-

tion. 

Energy generation from renewable sources is seldom constant over time; 

moreover, electricity demand is never constant. Therefore, connecting and 

utilizing an energy storage within a system becomes important (Zahedi 2011). 

In addition to the stochastic nature of local production, the volatility of the 

market price in a grid-connected DG environment may also create a need to 

shift the consumption of produced energy.  

The heat storage of hot water in water tank is a traditional and widely used 

method with micro-generation of heat. Batteries have been used to store DG 

electricity and there are various technologies at different stages of maturity 

and with a wide range of technical characteristics that can provide heat or elec-

trical storage (Chen&et&al.&2009;&DíazKGonzález&et&al.&2012;&Evans,&Strezov&&&EvK
ans& 2012;& Fernandes& et& al.& 2012;& Hadjipaschalis,& Poullikkas& && Efthimiou& 2009;&
Taylor&et&al.&2013). It is likely that several solutions will continue to compete in 

the future due to the wide variations in possible applications (Hall 2008; 

Taylor et al. 2013).  

Local energy storage is an additional new dimension in energy systems, 

which will also have an impact on energy usage. Users can change their energy 
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behavior not only based on local production or market price, but also accord-

ing the local storage situation. While research of micro-generation and storage 

has mostly addressed the technical or economical aspects of local electricity 

storage, less attention has been paid to heat storage (Taylor et al. 2013) and 

the behavioral or socio-technical aspect of storage and how it impacts electrici-

ty production and usage in daily life.  

Local storage is not typically present in current micro-generation networking 

configurations because of the high price of battery technology. Feasible op-

tions for local storage are expected to increase in conjunction with the prolif-

eration of electric or hybrid vehicles that can be connected to the grid (Wolsink 

2012).  

3.4. Summary on Existing Socio-Technical Configurations 

We have gone through renewable micro-generation technologies and reviewed 

literature on the financing, ownership, operation, maintenance, and network-

ing aspects of energy production. In Figures 5-8 we use the socio-technical 

configurations framework to depict currently existing and currently missing 

socio-technical configurations for each technology as a means to summarize 

our findings on existing configurations. Each technology has been analyzed 

separately and the existing configurations have been marked with a solid line. 

A dashed line marks conceptual models presented without market evidence in 

the literature. The index numbers I-XVIII in the figure refer to journal articles 

listed in Table 2. The index numbers XIX-XXXII refer to other sources that 

have been listed in endnotes. In heat distribution there are hitherto unfeasible 

areas, which have been marked on the pictures.  

Let us use micro-hydropower as an example case to explain how the analysis 

framework visualizes existing and missing socio-technical configurations. In 

Figure 5 diagrams of currently existing configurations for the technology are 

summarized. For micro-hydropower we have not been able to identify third 

party ownership or third party management and operation models, which 

leaves these section empty. Community energy deployment has been used, for 

example, in Nepal (Mainali & Silveira 2012, 2011), and it covers all three di-

mensions, hence the green community energy line connecting these areas at 

the community level. Cash and credit financing models, where the owner takes 

care of management and operation, can be found and all possible electricity 

distribution forms take place in these areas (i.e. off-grid, community micro-

grid, and user-driven grid connected), hence the yellow and dark yellow con-

necting lines that move from close proximity ownership and management to 

three extents of distribution.  
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Figure'5.'Summary!of!socioMtechnical!configuration!in!microMhydropower.'
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!

Figure'6.'Summary!of!socioMtechnical!configuration!in!solar!PV!and!microMwind.'
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national grid, but nowhere in the reviewed literature is this explicitly docu-

mented. 

! !

Figure'7.'Summary!of!socioMtechnical!configuration!in!solar!thermal!collectors.!

In all of the heat systems, national networking has been cut off because of heat 

losses that would occur through distribution. Third party ownership models 
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!! !

Figure'8.'Summary!of!socioMtechnical!configuration!in!heat!pump!technologies!and!biomass.!
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take similar non-technical positions. This type of isomorphism of socio-

technical configurations could come about with the maturation of the micro-

generation business field. 

4. Missing Socio-Technical Configura-
tions 

Viable business and deployment models on energy generation are often ap-

plied (copied) to new areas, environments and technologies. This development 

has been visible among micro-generation technologies. At the same time, there 

are various limitations and barriers that hinder proliferation of certain models, 

at least ‘as is’ to certain other micro-generation technologies. Based on our 

review, however, we can recognize several missing socio-technical configura-

tions, which may open doors for alternative new business models with micro-

generation, despite the limitations. These issues are discussed in the following.  

4.1. Technological limitations 

Operation and maintenance needs vary significantly between technologies, 

and in general heat production requires more frequent operation than electric-

ity production. Service based business models have gained popularity with 

technologies that require infrequent operation. Solar PV provides the richest 

set of configurations and includes several third party-driven, community mod-

els and end-user driven models. The technology requires relatively little 

maintenance after installation, but in some extreme conditions an active user 

can influence output. In the Nordic climate during the winter, the removal of 

snow from panels becomes important. Similarly, high soiling rate can be an 

issue is dusty dry areas. In service-based models with technologies requiring 

frequent operation requirements, operation maintenance challenges can be 

addressed by shared responsibilities where incentives for energy users are cre-

ated.  

Micro-generation typically provides a competitive energy price in compari-

son with external energy sources, i.e. market price. When a residential energy 

user receives locally produced energy (at discount rate), the user also benefits 

from the high output level. A local ownership option, cash and credit, gives full 

authority to the user to control the production unit and full reward to maxim-

ize the production of the unit. Strengers (2012) proposes enabling co-

management relationships with consumers for peak electricity demand. Simi-

larly co-management can be expanded to production equipment in order to 

enable the mutual benefits that maximize local energy production.  
  



Paper 1: Renewable Micro-Generation of Heat and Electricity 

!22!

4.2. Service-Based Models and Limited Market Demand 

Although micro-wind and micro-hydropower can be seen as self-sustaining 

technologies, they have not attracted third party business models. Khennas 

and Barnet (Khennas & Barnett 2000) who researched hydropower deploy-

ment in developing countries explained this as a market size issue. A third par-

ty model is not used because the extent of project developers is largely a func-

tion of whether there is sufficient work for them; i.e. are there sufficient num-

ber of new micro-hydro constructions taking place each year. Natural condi-

tions, such as unharnessed rivers, define where it can be deployed at all. In the 

case of micro-wind and solar thermal, an underdeveloped market and limited 

current market size can limit viability of the business, whereas the solar PV 

market has grown large enough to provide companies with economies of scale 

in operation and possibility to create profitable business around the third par-

ty ownership model. It should be noted that especially in the case of a solar 

thermal collector, a market lease could be an applicable model if the gained 

heat production vs. cost of equipment ratio is sufficiently high. Because sub-

vention mechanisms have been generally directed towards electricity produc-

tion, solar PV has been the starting point and entry technology to provide ser-

vice-based models such as lease and fee-for-service. In the countries without 

government subvention, these models are practically nonexistent as yet. None-

theless, service-based models of solar thermal collectors appear to be a miss-
ing configuration which is hard to rationally account for. The concepts of the 

model can be dated back to 2006 (Rodrigues & Kaufman 2006) and some 

commercial deployments have been planned but commercial providers are still 

very rare. Similarly, a missing configuration without clear explanation, apart 

perhaps from a poor fit with extant business models, is that utilities, in gen-

eral, do not appear to provide fee-for-service solar PV.  

Energy Service Company (ESCO) models have been applied to some heat 

generating technologies, but the operations are often difficult to apply success-

fully on a small-scale (Okkonen & Suhonen 2010). For heat pumps, micro-

ESCO models have been tested but commercial success has been limited to 

date. However, for biomass systems, third party ownership is an established 

model and service providers can be found, for example, in the UK.  

4.3. Opportunities with Community Energy  

Community energy as a concept consists of a diverse set of activities and in-

cludes more than energy production (Walker & Devine-Wright 2008). Com-

munity-energy initiatives can improve energy systems via renewable energy; 

energy efficiency, and behavior change (Hielscher, Seyfang & Smith 2013). In 

this paper our interest in community activities is solely on energy production 

from renewable sources, and we grouped under community energy initiatives 

those that have community ownership and production benefitting multiple 

households. Micro-generation refers to small-scale energy technologies and 

often community energy production exceeds the micro-generation scale.  
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When energy output from micro-generation is distributed to multiple house-

holds, the technical capabilities of distribution become essential. In electricity 

distribution micro-grids can be used, but in heat distribution heat losses can 

be significant thereby creating limitations 6 in community production. Solar 

thermal collectors and biomass are used in community-scale deployments. 

The visions for using the district heating network for transmitting solar heat 

imply models of distributed privately owned collectors and third party owned 

distributed solar heat generation.24.   

To date community-scale experiments with ground-source heat pumps have 

remained mostly trials, and present a missing configuration. Shared collector 

fields, potentially heated with solar collectors in the summer, as well as trials 

with seabed heat for district wide heat pump installations, point to the tech-

nical forms this can takeXXIX.  Similarly, multiple heat pump combinations in 

shopping malls provide excellent examples for how the technology could be 

managed at a community-scale. In terms of business models, only cash/credit 

has been available to date, but due to their easy maintenance and the capacity 

of being monitored remotely, other business models could suit community 

ground-source heat as well. 

Finally, we may note that sources to date, have not addressed community 

energy possibilities from the point of view of separating ownership, operations 

and maintenance, and networking, with distant proximity and close proximity 

combinations (distant proximity networking being ruled out due to technical 

limitations, naturally). An example would be third party lease of biomass gen-

eration equipment to a community, which could mitigate the third party barri-

ers in operation and maintenance of e.g. pellet systems.  

5. Policy Implications of Missing Con-
figurations 

Analysis of missing configurations revealed three key limiting factors: techno-

logical limitations, limited market demand, and challenges in distribution in 

the community energy context. Innovation and energy policy mechanisms can 

used to facilitate all these items.  

The cost efficiency of energy technologies is highly dependent on the cost in-

volved during the operation phase. New innovations especially addressing the 

issues of the maintenance and operation of equipment could open new service 

models for micro-generation technologies that have not attracted service busi-

ness models so far. We suggest that local innovation trials may (Hyysalo, 

Juntunen & Freeman 2013; Hielscher, Seyfang & Smith 2013) support manu-

facturers efforts to find new solutions to drive heat based micro-generation 

technologies, in particular, towards a more self-sustaining or remotely con-

trolled operation. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

6 Centralized community production unit feeds heat to households in surrounding area. 
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A diverse socio-technical configuration choice set also includes service-based 

models. Fee-for-service or leasing can boost market development in multiple 

ways, as has been evident with solar PV. They remove the need for upfront 

capital investments from consumers, and thus have the potential to increase 

the popularity of small-scale renewable technology in general. In addition, 

service companies can gain economies of scale in sourcing of equipment, in-

stallation and operation, and maintenance. Moreover, end of lifecycle and re-

cycling services can be organized in a professional manner. Service-based 

models can address component quality concerns, because this model allows 

companies to purchase equipment in volume and use low-cost finance to 

spread customer costs over the lifetime of the equipment. It also appears to 

promote innovation, as in the case of solar utility companies, which can have 

enough resources for R&D investments and are large enough to use negotiat-

ing power with suppliers (Duke, Jacobson & Kammen 2002).  

In the early market phase where the limiting market size does not attract suf-

ficient commercial vendors, subvention is an important driver to support mar-

ket takeoff. Especially FIT tariffs have been used widely to support electricity 

generation from renewable sources. FIT for heat production, such as solar 

thermal collectors, is less used with a few exceptions (e.g. Spain). We empha-

size the importance within technology and innovation policy to drive develop-

ment towards carbon emissions reduction and remain technology agnostic so 

as to allow winning innovations to come about on multiple fronts. 

Finally, we address financing issues that can support the proliferation of mi-

cro-generation technologies. Cash, credit, or community ownership options 

give high autonomy and control to production for individual users or groups. 

For financial institutions there is space to develop new financing instruments 

(credit schemes) in order to remove the upfront payment7. There are also pos-

sibilities to develop other types of mechanisms as an example of Francisco 

DeVries from California shows. In this Sustainable Energy Financing District, 

the municipality takes part in financing by issuing bonds whose proceeds 

could finance the upfront costs of photovoltaic systems. The participating 

homeowners could use the money they save on their utility bills to pay a tax 

assessment, thereby achieving payback. Unlike in third-party financing, the 

ownership of the energy production unit rests with the building owner under 

this model (Jenkins 2009; Hess 2013). 

6. Conclusions 

There is a range of options to deploy micro-generation. In this study we devel-

oped the socio-technical framework for renewable micro-generation and used 

it to make visible the currently existing and missing configurations in small-

scale decentralized energy production. Micro-generation takes three main 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

7 Typically financial institutions do not consider micro-generation products to be valid for collateral securi-
ty, which increases interest rate in the credit pricing. 
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ownership models; consumer (household), community, and company owner-

ship. We showed how the versatility of socio-technical configurations within 

these ownership models has, to date, varied significantly between technolo-

gies.  Some configurations appear to be impossible due to physical limitations, 

such as distribution limitations in heat production because of heat losses, but 

most configurations are a result of a combination of social, technological and 

economical factors. 

Earlier literature has recognized the impact of various factors on how socio-

technical configurations emerge and diffuse in the local marketplace. Within 

the micro-generation sector, the choice between alternatives is a reflection of 

consumer involvement in the acquisition process, and that variation or a com-

bination of these models is possible (Sauter 2008). In addition, both politico-

institutional and socio-institutional forces have an impact on the choice be-

tween these models as explanations of the variation in level of the activity and 

business model choice between countries, ventures, and technologies 

(Provance, Donnelly & Carayannis 2011). Our contribution is to extend this 

thinking and show that differences in technological characteristics, which have 

a direct impact on operation and management needs, play a key role in socio-

technical configurations and enable or hinder proliferation of company-driven 

models and servitization of micro-generation. We suggest that particular at-

tention should be paid to innovations that improve reliability, increase 

maintenance-free operation times and provide remote monitoring and 

maintenance. This applies to heat producing technologies in particular. Alter-

native possibilities might also emerge from improved ease of use (usability) 

and the organization of the operation and maintenance at the site of use or at 

community level so that operations and maintenance could be left to consum-

ers whilst the ownership and distribution of heat might reside with a third 

party operator. We can also recognize technologies, such as solar thermal col-

lectors, that could well meet operational requirements of service-based mod-

els, but which have not yet attracted business interest. At the policy level, there 

is space to develop new mechanisms for small-scale heat production in man-

ner similar to that which has been used to support the scale up of electricity 

micro-generation in many markets. 

The present study concentrates on current ways of organizing around micro-

generation technologies. Its temporal context is confined to the operation of 

micro-generation when a certain organizational set up around a technology 

has been already established. Our contribution opens several avenues for fur-

ther research on socio-technical configurations, such as how installation work 

is organized before the socio-technical configuration of energy production has 

taken its organizational form, or how configuration trajectories have devel-

oped over time. There are significant country-specific variations in micro-

generation technology diffusion. For example, supporting mechanisms play a 

crucial role in the early development of servitization. In this study FIT and 

other supporting mechanism were excluded in order to be able extensively 

cover selected dimensions. Servitization may also hinder the development of 

local energy autonomy from a user perspective, even if it may also provide a 
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boost for market development and lead to increasing popularity, lower prices 

and reliability of equipment for autonomous consumers in the long run. 
'

Notes'

 
XX Project idea, not implemented. Source: Renewable Energy and Energy Efficiency (REEP) digital library:  http://toolkits.reeep.org/file_upload/10304040_9.pdf, Ac-

cessed on Sept 30, 2013. 

XXI (Nfah & Ngundam 2012) 

XXII Source: Clean technica. http://cleantechnica.com/2010/10/30/new-micro-wind-turbine-company-makes-owning-wind-power-a-breeze/, Accessed on Sept 30, 2013. 

XXIII Community energy project with 50 Kw micro-wind turbine in Rankin Inle, Hudson Bay: http://www.aadnc-aandc.gc.ca/eng/1100100034302/1100100034418#chp12, 

Accessed Oct 18. 2013. 

XXIV The systems provided for example by SIG Energy Management. Source: http://www.sigenergy.co.uk/, Accessed on Sept 30. 2013. 

XXV Conceptual model. Source: Pöyry Consulting Oy. http://www.tem.fi/files/37133/TEMrap_28_2013_05072013.pdf, Accessed on Sept 30, 2013. 

XXVI Commercial vendors available. Source: Get Solar Lousiana. http://www.getsolarlouisiana.com, Accessed on Sept 30, 2013. 

XXVII Conceptual model of fee-for-service. Source: Vitae Civilis. http://www.green-markets.org/Downloads/SWH_FFS_Brazil.pdf, Accessed Sept 30, 2013. 

XXVIII Micro ESCO concept piloted by Enespa in Finland. Source: http://mechanisms.energychange.info/sites/default/files/projectstories/micro-escos_cb-project-

story.pdf, Accessed Sept 30, 2013. 
XXIX Ground-source heat pumps have been used in community energy project in Vaasa, Finland. Similar concept can be scaled to micro-generation size 

http://www.varmex-energieffektivisering.se/wp-content/uploads/2011/11/Projektbeskrivning-Geoenergy-Research-Project.pdf, Accessed on Oct 18, 2013. 

XXX Etelä Savon sähkö in Finland offers ground-source heat pump fee-for-service for households. 

http://www.ekoteko.fi/tmp_maalampo_site_2.asp?sua=2&lang=1&s=67, Accessed on Nov 21, 2013. 

XXXI Commercial vendors available. Source Energ-Group http://www.energ-group.com/, Accessed on Sept 30, 2013. 

XXXII VTT report “Miten puulämmitys on kehittynyt liiketoiminnaksi Suomessa” (How wood heating developed towards business in Finland) 

www.woodheatsolutions.eu/documents/fin_14.pdf, Accessed on 21st of November, 2013. 
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The sociology of consumption uses the domestication framework to examine adaptation processes in which technol-
ogy becomes part of everyday life. This study applies the domestication framework to renewable decentralized en-
ergy technologies (DET). Drawing on interviews and Internet material from household and summer-cottage inhabit-
ants using DETs in Finland, the study sheds light on how renewable energy technologies are adapted in local condi-
tions. In such adaptation, multiple domestications are linked and lead to the increasing use of new technologies with-
out a stable final point, a process which can be conceptualized as domestication pathways. Modularity, product multi-
purposing, and convenient interoperability with other systems are key requirements to enhance the diffusion of re-
newable energy technologies. 
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Introduction 
 

Energy provision has historically been developed 
based on networked infrastructure and centralized 
systems, leading to a passive role for most energy 
end users (van Vliet et al. 2005; Heiskanen et al. 
2010). From the standpoint of residential housing, 
energy systems work in the background and provide 
air and water heating and cooling with minimal re-
quirements for daily monitoring, configuring, or 
maintenance by inhabitants. However, the need for 
low-carbon solutions, along with rising energy prices, 
is changing residential energy systems and consump-
tion. Consumers are therefore increasingly installing 
decentralized energy technologies (DETs) in their 
homes. 

Previous studies have shown how consumers 
have only limited opportunities to significantly re-
configure their own individual routines of consump-
tion and rarely think about the consequences of their 
actions (Levett, 2003; Southerton et al. 2004). Re-
search on small-scale energy technologies and con-
sumer behavior has focused primarily on motiva-
tional factors, barriers to deployment, and early 
phases of installation and use (Haas et al. 1999; 
Watson, 2004; Ornetzeder & Rohracher, 2006; Palm 
& Tengvard, 2011). However, scholars have begun to 
suggest that the most interesting aspects of consumer 
behavior occur once energy technologies are installed 
within the home. When users take actions to produce 
energy locally, energy technology becomes present in 
inhabitants’ daily lives, which increases awareness of 

energy use and decreases energy consumption 
(Keirstead, 2007). At the household level, DETs re-
quire adaptation—learning about use and changing 
practices—to make technology suitable for the local 
context. This article seeks to develop a better under-
standing of the role of end users in technology diffu-
sion processes to help policy makers to formulate 
energy policy and manufacturers to develop envi-
ronmentally friendly final products, and to enhance 
the adoption rate of these technologies and lifestyles.  

This study examines sociotechnical change and 
processes through which DETs become integrated as 
inseparable parts of everyday life. The analysis fol-
lows the domestication framework (Silverstone & 
Hirsch, 1992; Pantzar, 1997; Berker et al. 2006), a 
concept used in the sociology of technology to de-
scribe and analyze processes of technological ac-
ceptance, rejection, and use. The domestication 
framework emerged from a series of studies that 
sought to understand the appropriation of artifacts in 
the specific social setting of the home (Williams et al. 
2005). This article’s central question is: What kinds 
of domestication processes are involved with resi-
dential renewable energy production and use? Do-
mestication of DETs is studied via three types of resi-
dential renewable energy technologies installed in 
existing houses in Finland: air-heat pumps, micro-
wind stations, and solar-thermal collectors. 

The article begins by presenting the background 
of the domestication framework and how qualitative 
empirical analysis has used it. I then outline the 
Finnish market and its characteristics with respect to  
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climate, policy, and renewable technology use. The 
analysis is initially carried out following the domesti-
cation framework phases to reveal domestication 
processes within the scope of a single renewable 
technology. However, the analysis reveals a pathway-
type adaptation where multiple renewable energy 
technologies were in fact taken into use by the 
households. I next explain in detail the notion of do-
mestication pathways and discuss the socio-technical 
background of the phenomenon. I conclude by high-
lighting the implications for energy policy, technol-
ogy design, and technology studies. 
 
Domestication Framework 
 

The concept of domestication originated in large 
part within anthropology and consumption studies 
(Haddon, 2006a). This particular understanding rep-
resents a shift away from models that assumed adop-
tion of innovations to be rational, linear, monocausal, 
and technologically determined. It presents a frame-
work and research approach that takes into account 
the diversity and complexity of everyday life and 
technology’s place within its dynamics, rituals, rules, 
and routines. The framework implies that the process 
of domestication has been successful when technolo-
gies are not regarded as cold, lifeless, and problem-
atic, but as comfortable, useful tools—functional and 
symbolic—that are reliable and trustworthy (Berker 
et al. 2006). 

Through domestication, artifacts become invisi-
ble, taken-for-granted elements of everyday life 
(Williams et al. 2005). Silverstone et al. (1992) have 
presented a theoretical scheme to study technology 
use by proposing four dimensions or states in the 
household’s dynamic uptake of the technology: ap-
propriation, objectification, incorporation, and con-
version. The appropriation phase centers on the moti-
vations and reasons associated with acquiring tech-
nology. During objectification, the household gives a 
new project a physical location and a timetable of 
use, which is followed by the incorporation phase 
when established practices emerge and a technology 
becomes embedded into everyday-life routines. The 
final phase in the domestication framework is con-
version, which defines the relationship between the 
household and the outside world and focuses on pro-
cesses of how the technology’s meaning is shared 
with others. The sign of successful household-sector 
integration of technology is that the product has a 
symbolic aspect in addition to its utility aspect. In 
addition to these four processes, Sørensen (2006) 
highlights the importance of cognitive processes re-
lated to learning practice as well as meaning. 

The adoption of technology is not a one-time 
event. It happens over a long period, where several 

different processes advance more or less simultane-
ously (Røpke, 2001). The preadoption process is re-
flected in perceptions of technologies and services, in 
how people imagine the role of technology in their 
lives, as well as in negotiations around, and some-
times resistance to, its acquisition (Haddon, 2006b). 
When examining the relationship between technology 
consumption and the domestic sphere, the emphasis 
is on the dialogue among the psychological, social, 
economic, and political, highlighting significant fac-
tors such as the gendered nature of users’ relation-
ships with technology (Silverstone & Hirsch, 1992; 
Berker et al. 2006). 

As an analytical tool, the domestication concept 
offers a viewpoint that makes visible various prac-
tices of adopting technology as part of everyday life 
(Peteri, 2006). Domestication can be seen as a period 
in the biography of an artifact around its introduction 
into the domestic setting. The process of consuming 
and embedding the object into the household is one 
of sense-making, of transformation of the alien object 
to ascribe its meaning in the household’s symbolic 
reality (Berker et al. 2006). Biographies of things 
describe transformation of technology, but simulta-
neously they reveal the changing qualities of the 
shaping environments through which they pass 
(Kopytoff, 1988; Silverstone & Hirsch, 1992). In 
consumption, the item is incorporated into the con-
sumer’s personal and social identity (Gell, 1986; 
Hyysalo, 2009a). At the same time, people generate 
interpretations and applications of technological sys-
tems that often diverge from the ones originally in-
scribed by designers (Bakardjieva & Smith, 2001). In 
this way, domestication represents a step away from 
belief in the one-sided transformative power of tech-
nology; study of innovation and diffusion is an area 
that the domestication approach clearly develops 
further (Berker et al. 2006). 

The domestication of consumer goods has been 
quite extensively studied, beginning in the 1990s 
(Haddon, 2006a; Peteri, 2006). To date, domestica-
tion studies have typically examined electronics and 
media technology in considering the contexts in 
which information and communications technologies 
(ICT) are experienced (Silverstone & Hirsch, 1992; 
Ward, 2005; Berker et al. 2006; Haddon, 2006b; 
Peteri, 2006). However, domestication has proved a 
useful tool for analyzing, for example, e-learning 
technologies (Habib & Sønneland, 2010) and health 
technology studies (Hyysalo, 2009a). Aune’s (2007) 
research on energy use and homes, and Isaksson’s 
(2009) work on passive houses, are rare examples of 
a use of the domestication framework within the 
context of energy technology (see also Sørensen et al. 
2000). 
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Small-Scale Renewable DETs in Finland 
 

Finland has a considerably colder climate than 
central and southern Europe and is a sparsely popu-
lated country, with an average of 17.5 people per 
square kilometer. Finns have been frontrunners in 
terms of environmental awareness and have devel-
oped several innovative environmental policy instru-
ments over the last 40 years. In addition to regula-
tions, economic instruments, informational product 
labels, and management schemes have been deployed 

(Mickwitz et al. 2011). For all consumers, two main 
policy mechanisms support energy efficiency and 
renewable DET investments in existing houses. The 
Energy Support Grant is targeted at selected renewa-
ble energy technologies (to replace oil or electric 
heating with ground-source or air-to-water heat 
pumps) and can be used to offset up to 20% of the 
cost of the equipment.1 Furthermore, a tax-deduction 

                                                      
1 The grant is managed by the Housing Finance and Development 
Center of Finland (ARA) on the basis of annual allocations from 

Table 1 The main renewable energy sources, small-scale technologies and characteristics in Finland. 

Energy 
Source 

Energy 
Technology 

Market 
Penetration 
in Finland 

Annual 
Operation 
(Seasonal 

Predictability) 

Stochastic 
(Daily 

Predictability) 

Central-
Heating 

Requirement 
Usability for 
Regular User 

Wood Wood-
burning 
boiler 

Main source 
of heating in 

>410,000 
houses [1] 

Year-round No No During heating 
season daily use 

Wood Fireplaces >2,900,000 
fireplaces in 

total [1] 

Year-round No Yes During heating 
season daily use. 
Summer season few 
days heating 
intervals 

Wood pellet Wood-pellet 
boiler 

26,000 [2] Year-round No Yes During heating 
season daily use. 
Frequent 
maintenance, e.g., 
cleaning 

Outdoor-air 
heat 
(+electricity) 

Air-source 
heat pump 

400,000 [3] Year-round No No Periodical cleaning 
of internal unit 

Outdoor-air 
heat 
(+electricity) 

Air- to- water 
heat pump 

8,000 [3] Year-round No Yes Very little 
management or 
maintenance 

Ground 
heat 
(+electricity) 

Ground- 
source heat 

pump 

86,000 [3] Year-round No Yes Very little 
management or 
maintenance 

Indoor-air 
heat 
(+electricity) 

Exhaust air-
heat pump 

24,000 [3] Year-round No No Very little 
management or 
maintenance 

Wind Wind 
generator 

1,000 [4] Year-round Yes No [6] Very little 
management or 
maintenance 

Solar PV solar 50,000 [5] Summer period Yes No Very little 
management or 
maintenance 

Solar Solar-
thermal 
collector 

10,000 [5] Summer period Yes No [6] Very little 
management. 
Annual maintenance 
check. 

Solar Solar-air 
collector 

Marginal Summer period Yes No Very little 
management or 
maintenance 

[1] Alakangas et al. (2008).    
[2] Bioenergiary (2013).     
[3] SULPU (Finnish Heat-Pump Association) (2013). . 
[4] Estimate by Tuulivoimayhdistys (Finnish Wind Power Association) (2012).    
[5] Researcher estimate. Official statistics do not exist. Users’ self-import is widely used in addition to do-It-yourself (DIY) systems. 
[6] Central water circulation is required if the technology is used for space heating. 
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system allows a 45% deduction from the cost of 
manual installation work (service) with a maximum 
of €2,000 (US$2,700) per annum.  

There are 1.1 million detached houses in Finland 
and almost 500,000 summer cottages in which the 
use of renewable energy has steadily increased in 
recent years. Rising energy prices, progress in renew-
able energy technologies, energy-regulation changes, 
and changes in attitudes toward sustainable lifestyles 
are intensifying demand for renewable DETs. Table 1 
summarizes the main small-scale renewable energy 
sources and technologies and their characteristics. 
Wood is a traditional energy source and comprises 
35% of total energy consumption in detached houses. 
In the present study, heat pumps represent a mass-
market technology that is widely adapted and in 
which installations are rapidly growing. In 2012, over 
45,000 new air-source heat pumps were installed, 
bringing the current countrywide total to more than 
400,000 units (SULPU, 2013). Both solar-thermal 
collectors and micro-wind markets are in an early 
phase. In 2009, the total installation area of solar-
thermal technology was 26,973 square meters that 
produce 64 million British thermal units (BTUs) of 
energy annually (ESTIF, 2010). Micro-wind is very 
rarely used and public statistics include only com-
mercial projects and installed capacity. 

An air-heat pump is used for both cooling and 
heating. The device employs a small amount of en-
ergy to move heat from one location to another. In 
the process, a pump can achieve a coefficient of per-
formance (COP) that is up to 2–4 times larger than 
direct electric heating. Air-heat pumps can also be 
used for cooling purposes, which increases electricity 
consumption. 

A solar-thermal collector converts solar radiation 
into a more usable or storable form, such as water. 
Water is stored in a hot-water tank. To prevent 
freezing of the collector in the Nordic climate, a 
mixture of water and propylene glycol is used as the 
heat-exchange fluid that warms water in the heat ex-
changer. The living area is heated by radiant heating, 
in which heated water is circulated in radiators or 
through underfloor heating. In Finland and the rest of 
the Nordic region, a solar-thermal collector is opera-
tional only part of the year. 

Micro-wind generators can provide electricity for 
private use in both rural and urban environments. In 
Finland, micro-wind is often deployed to power up 
off-grid summer cottages, but it is also used in grid-
connected houses for micro-generation. Wind power 
can also be used for heating, with a heat exchanger 
for water or with electric radiators for indoor space 

                                                                                
the national government and distributed and monitored by the 
municipalities. 

heating. However, a more common setup is to use 
wind power to charge batteries, which can provide a 
steady output of electricity for different appliances 
and purposes during low-wind conditions.  
 
Data and Methods 

 
This article reports on energy technology in both 

residential homes and summer cottages. The three 
particular technologies were selected to cover both 
widely adapted and more niche types of energy 
equipment. Primary interview data were collected 
after a broader study that had its starting point in 
three Internet-based energy-technology forums.2 
With 5,060, 758, and 323 unique users, respectively, 
and together over 250,000 postings at the start of 
2014, these venues cater to active discussions around 
DETs. Network searches are increasingly popular in 
user-innovation research to identify so-called lead 
users (Hyysalo et al. Forthcoming). An initial search 
of users in the Internet forums was based on the 
screening method that is widely used in user-
innovation research (Sudman, 1985; Von Hippel, 
1988). Screening is a standardized, quantitative ap-
proach, based on assessing a large number of poten-
tially relevant users (Belz & Baumbach, 2010). Fur-
thermore, snowball sampling was employed in inter-
views to find people outside the Internet forums 
(Goodman, 1961; Welch, 1975). These two methods 
helped to recognize users with lead-user characteris-
tics (cf. Hyysalo et al. Forthcoming).3 These individ-
uals were interviewed for a separate study focusing 
on user innovations (Hyysalo et al. 2013a; 2013b), 
and regular energy users who were part of this study.4 
The regular users in this study comprised 1) nonpro-
fessionals with no involvement in commercial devel-
opment of residential energy technology and systems; 

                                                      
2 The Internet forums were lampopumput.info, ilmaisenergia.info, 
and poikkis.net. 
3 The following underlying dimensions of lead userness were 
measured by self-rating on a seven-point Likert scale: ahead of a 
trend, technical expertise, high-benefit expected, and community-
based resources. 
4 The screening began with the website lampopumput.info which 
focuses on heat-pump technology. We first developed an overview 
of all major categories (n = 42) by going through 40–100 thread 
headings in each and following 5–20 threads in detail to get a sense 
of the topics and contents in each category. It soon became evident 
that the “do-it-yourself” section is the most valuable for user-
innovation research and that became the focus in our prior project 
(Hyysalo et al. 2013a; 2013b). For the present study, the “usage 
experiences” section was used to search potential users. It featured 
227 discussion threads which were sampled to identify individuals 
who would be invited to interviews. The screening continued in the 
ilmaisenergia.info and poikkis.net forums. We thoroughly read all 
threads relating to solar-thermal collectors (60 in 
ilmaisenergia.info and two threads in poikkis.net) and wind energy 
(94 and 60 threads respectively).  
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Table 2 Descriptions of interviewees. 

Interviewee Gender Main Energy Source 
Supporting Energy 
Systems 

Installation 
Year 

(Supporting 
System) 

Household 1 F Electrical heating (water circulation) Air-heat pump 2010 

Household 2 M Direct electrical heating Air-heat pump 2008 

Household 3 M Oil Air-heat pump 2009 

Household 4 M Wood pellets and oil Solar-thermal collector Pellet 2005, 
Solar 2009 

Household 5 F & M Oil Solar-thermal collector 2008 

Household 6 F Wood (water circulation) and air-
heat pump 

Electricity, solar-thermal 
collector 
 

2004 

Household 7 M Direct electric heating Air-heat pump 2008 

Household 8 M Electrical heating (water circulation) Air-heat pump, solar-thermal 
collector 
 

2009 

Household 9 M Direct electrical heating Fireplace, wind generator 2011 

Household 10 M Oil and air-heat pump Wind generator 2002 

Household 11 F Wood Electrical heating (water 
circulation), solar-thermal 
collector 
 

2009 

Household 12 M Wood pellets, wood, oil Solar-thermal collector, air-
heat pump, exhaust air-heat 
pump 
 

Solar 2009, 
AHP 2010 

Summer Cottage 1 M Combination of multiple sources (no 
winter heating) 

Wood heating, wind 
generator, PV solar 
 

1988 

Summer Cottage 2 M Wood heating and air-heat pump Wind generator 2009 

Summer Cottage 3 M Combination of multiple sources (no 
winter heating) 

Wind generator, solar-
thermal collector, PV solar, 
diesel aggregate 

1999 

 

2) individuals who use renewable energy technology 
in a detached family house or summer cottage and 
make decisions regarding their own energy-system 
purchases and use; and 3) people who acquired re-
newable energy technology more than a year ago. 
The search resulted in a total of 43 prospective re-
spondents, of which fifteen individuals fulfilled the 
above-mentioned criteria and were used when re-
searching the domestication processes of DETs (Ta-
ble 2). The users had diverse educational back-
grounds (primary school to university degree) and 
professional experience (retired and working class to 
white collar), and various consumer roles regarding 
energy technology. Bas Van Vliet (2004) divides 
consumers of network-bound systems into three 
groups: “normal” consumers who make choices 
among different market options, citizen-consumers 
who link consumption with social issues, and co-
providers who produce their own electricity. A com-
bination of roles, of course, is possible and in this 

study most subjects can be characterized as normal 
users who acquire part of their energy from external 
sources but are also co-providers. 

The 30–60 minute interviews were conducted in 
2011–2012. Users were located throughout Finland 
and the final data set included twelve men and four 
women, with nine air-heat pump, seven solar-thermal 
collector, and five micro-wind cases. The interviews 
were semi-structured and the main themes and ques-
tions were planned according to the domestication 
framework phases. The topics progressed from early 
information gathering to purchase, installation, early 
use, and routinized use to capture relationships, 
meanings, and activities related to DETs. As a sec-
ondary source, personal blogs (from two respondents) 
and Internet-forum discussion material (from four 
respondents) were used. All interviews were recorded 
and transcribed. The data were coded and analyzed 
for emerging sub-themes and, eventually, constructed 
in accordance with main themes consistent with the 
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primary dimensions of the domestication framework. 
All quotations that appear below were translated by 
the author from Finnish. 

 
Analysis of the Domestication Process 
 
Development of Need and Motivation for 
Renewable Energy Technology 

This study of the development trajectories of 
DETs via the domestication framework reveals how 
motivations and meaning change over time when 
energy technology develops and practices and needs 
of users evolve. While this notion is new in studies 
related to DETs, scholars working from the perspec-
tive of science and technology studies have recog-
nized its relevance (Freeman, 2007). 

Financial circumstances are central in energy-
technology purchases. Increased energy costs, espe-
cially oil prices before 2008, induced homeowners to 
consider alternative options. During this timeframe, 
the financial crisis and other developments in the 
global economy led to lower energy prices and 
spurred a period of high volatility and unpredictabil-
ity in energy markets. To reduce their dependency on 
market fluctuations, many homeowners started to 
seek alternative solutions. In this context, renewable 
energy was considered to provide predictability and 
attenuate uncertainty. However, the sudden drop in 
energy prices influenced homeowners’ decision 
making. In situations of high energy prices, more 
eco-efficient solutions, such as ground-source heat 
pumps, were actively considered. When energy 
prices declined, other less expensive and easy-to-
install solutions, such as air-heat pumps, provided 
less attractive savings but were selected instead, be-
cause of their shorter payback period. 

The emphasis on finances in energy-equipment 
purchases illustrates how payback time and cost-
savings arguments are used to rationalize purchases 
of products with production capabilities. When con-
sumers purchase a new consumer item, its monetary 
value afterward is unclear and is usually diminishing. 
The product always ties up capital, it does not pro-
vide dividends, its price rarely increases, and thus 
people are not interested in payback time. House-
holder 6 maintains an Internet blog and on one post 
she pays attention to these different standards of rea-
soning for products with production and consumption 
capabilities:  
 

When do you get your money back? When 
are these solar collectors paying themselves 
back? Is this a profitable system? I doubt 
that in normal renovations people need to 
answer similar questions: “When is your 

satellite antenna paying back, or swimming 
pool, or skylight?” 

 
Environmental concern was rarely mentioned as 

the reason for installing renewable energy technol-
ogy. For early adaptors of emergent types of energy 
technology, environmental concerns were moderately 
present as a motivational factor. For mass-market 
technology, the reasons behind the purchase are fi-
nancial or increased comfort rather than the notion of 
larger environmental problems related to energy pro-
duction. 

Before the purchase decision, the users gathered 
information from newspapers, magazines, neighbors, 
the Internet, and salespersons. However, interviewees 
expressed great doubt concerning the information 
acquired from commercial vendors. They also saw 
their own comments as more influential than mar-
keting. Some of the users can be characterized as 
“warm experts” who are active in the sharing of 
knowledge (cf. Bakardjieva, 2005).5 An air-heat 
pumps user explains: 
 

They know I’m crazy about this system. 
There was one neighbor who was building a 
new house and after our discussion he 
changed his heating system plan totally. He 
said that I’m more convincing than any of 
the sales people he has met (Householder 2). 

 
The different reasons for selecting renewable 

DETs become especially visible between permanent 
residences and temporary summer cottages. In the 
interviews, convenience was brought up as a reason 
to install supporting energy sources for permanent 
residencies. In summer cottages, the general availa-
bility of electricity means increased convenience. It 
operates various electrical devices and operations, 
such as charging a mobile phone, listening to the ra-
dio, watching television, or using a refrigerator. In 
this type of off-grid environment, the daily conven-
ience of energy technology is not highlighted in a 
similar manner to that of permanent residences. Even 
if energy technology includes some inconvenience, it 
is still seen as an improvement to the previous situa-
tion. 

Although users’ personal experience is highly 
case specific, it is seen to be neutral from commercial 
interests. In neighborhoods with similar houses of 
similar age, construction materials, and energy sys-
tems, advice from local experts is highly valued. In 
addition to information sharing, the warm experts 

                                                      
5 The warm expert mediates between the technological universal 
and the concrete situation, needs, and background of the novice 
user with whom she has a close personal relationship. 
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help neighbors plan the work and installation. These 
users had carried out self-installation for their own 
homes, and working with neighbors’ projects is a 
way to continue their activities. The phenomenon is 
especially visible with emergent technologies such as 
micro-wind. One wind-energy user explains how 
technical work with a generator eventually turned 
into a hobby: 

 
It’s leisure time well spent. Time flies so 
fast. I’m also interested in the technical side. 
There are always opportunities to improve 
the design of the controller (Household 9).  
 
In such instances, traditional motivations to ac-

quire DETs, such as cost or immediate convenience, 
lose explanatory power and the purpose of the activ-
ity is reversed. The meaning of technology and of 
time invested changes from a necessity to a voluntary 
pastime. Renewable energy technology forums on the 

Internet and the communities embedded within this 
mode of communication manifest this otherwise al-
most invisible phenomenon.  
 
Making Technology Fit 

In the case of DETs, the objectification process 
is mainly characterized by practical considerations. 
When finding and selecting a suitable location for the 
technology, noise, aesthetics, and energy efficiency 
are the main concerns and balancing the benefits and 
disadvantages is required. Table 3 gives examples of 
installation discourse and users’ concerns during the 
appropriation and objectification phases in domesti-
cation. 

Householders often implemented minor modifi-
cations or add-ons to improve the technology’s suita-
bility in a local context. The energy systems in ex-
isting houses are diverse, possessing unique combi-
nations of technologies from different periods of 
time. Because of these variable conditions, user needs 

Table 3 Examples of installation requirements and user considerations with domestic renewable energy technology. 
 

Users’ Concern Users’ Consideration Exemplifying Quote 
Noise of air-heat pump 
external unit 

Placing of both internal and external unit 
requires careful consideration. Noise and 
wintertime ice impose requirements for 
external unit location. In the countryside, 
even modest metallic industrial noise can be 
considered annoying. 

Those start to rattle anyway like old fridges and so, 
so there will be a noise problem and visibility 
problem and everything like that, annoyances 
(Householder 2). 

Aesthetics of air-heat 
pump external unit 

Aesthetics influence selection of installation 
location of external unit. The unit is often 
hidden by cover. 

I’m not concerned about either one (external or 
internal unit). I made a cover from a lathe and slab. 
You can’t see it immediately. If someone passing by 
looks, it’s quite hidden (Householder 3). 

Aesthetics of air-heat 
pump internal unit 

Benefits outweigh problems of the new 
system.  

If I say it straight, that (air-heat pump) is quite ugly. 
On the other hand, it has so many benefits that I 
don’t mind (Householder 1). 

Efficiency of air-heat 
pump 

The optimal place for an internal unit can be 
different for winter heating and summer 
cooling, but the selected installation point 
and the main usage purpose has a high 
impact on the decision.  

It’s very difficult to find suitable locations (for an air-
heat pump) in the apartment. There is no single 
right place. All the apartments are different and you 
must take into account air ventilation, whether it’s 
natural gravitational ventilation or mechanical 
ventilation, and whether it’s mechanical ventilation 
blowing directly against the air-heat pump. If a heat 
pump is too large, it causes more noise and nobody 
wants it to be in the living room. And then it is 
placed somewhere where it doesn’t heat the whole 
area and is otherwise an extremely bad solution 
(Householder 2). 

Aesthetics of solar 
thermal collector external 
unit 

Solar collector pipes or panels are installed 
on the roof. In roof renovation, embedding of 
the collector is easy and a flat collector 
becomes almost invisible. Solar collectors 
on the roof were not considered disturbing. 

Those are not disturbing. Yes, those blue pipes on 
the roof are quite pretty (Household 11). 

Location for wind 
generator 

Good wind conditions are a basic 
requirement in selection of wind-station 
location. The area should be open, 
preferably from all directions. In principle, 
the higher the installation tower, the better 
the wind condition is, but in a real 
environment a larger set of factors should 
be taken into consideration. 

Initially it was one block higher, but I removed one 
meter. I noticed that the trees have fewer branches 
down here. I have also removed some branches 
(Summer cottage 1). 
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vary and commercial products often face challenges 
fulfilling all user requirements. Users create, for ex-
ample, re- and deconfigurations, where they alter 
technologies to fit in better with their own use and 
proximate circumstances (cf. Hyysalo 2009a on dif-
ferent configurations). The following three cases 
show how users employ micro-innovation, adapta-
tions, and different types of configurations to in-
crease usability of the system, ease of use, and com-
fort (cf. Hyysalo, 2009b). 
 
1) Wind generators produce electricity that is usu-

ally either used immediately or stored in batter-
ies. Batteries are relatively expensive and users 
often consider their duration too short. House-
holder 9 in a grid-connected house deconfigured 
a wind-energy system to produce heat directly 
from electricity. The need for batteries was 
eliminated. 

2) Users create reconfigurations for air-heat pumps. 
Placing of the internal unit can be challenging, 
especially if the room is high and height differs 
among rooms. If a unit is up on the roof, its em-
bedded sensor does not operate in an optimal 
manner. Householder 2 solved the problem by 

installing an extension cord for the sensor to im-
prove accuracy. 

3) In the Nordic climate, winter conditions prompt 
increased maintenance activities for air-heat 
pump users. A heat pump creates frost and ice 
that accumulates and, without regular removal of 
accumulations from below the pump, can dam-
age the unit. For example, Householder 3 used a 
plastic children’s sledge used to collect ice below 
the unit to make the removal process easier. 
 
Examples 1 and 2 above highlight alternations of 

the technology and Example 3 demonstrates that 
adaptation can entail a simple practice to make every-
day use easier.  

In the early-use phase, users become acquainted 
with the technology. Small tasks are gradually incor-
porated into the routines. When the system is new, 
monitoring energy-production performance is con-
sidered to be interesting, so supervision is frequent 
and optimal performance is sought (Table 4). In this 
dataset, monitoring habits change rapidly, usually 
within the first year, from intrusive technology mon-
itoring to sporadic checking in which the user just 
confirms that everything is working. In some cases, 

Table 4 Activities during incorporation phase. 
 

Use Phase  Activity Exemplifying Quote 
Early use (solar-thermal 
collectors) 

Seeking 
performance gain 

Pollen comes in early summer. May is usually very sunny in Finland. But rain 
comes sooner or later and I clean up the collectors. Sometimes I have cleaned 
the collectors even in February. It’s nice to look at how the sun warms up the 
collector. January has been the only month when the circulation pump of the 
collector hasn’t been turned on (circulation is automatic when threshold 
temperature is exceeded). In production, this is a totally curiosity, but it’s 
interesting anyway (Householder 6). 

Early use (wind 
generator) 

Monitoring of 
performance 

Of course, I monitored the electricity production at the beginning. I sandpapered 
the poles of the battery to improve the production (Summer cottage 1).  

Routinized use (wind 
generator, PV solar, off-
grid summer cottage)  

Monitoring energy 
sufficiency 

I follow how much power there is in the battery. So I read the meter every day. If 
we consider, let’s say watching a DVD, I go and check the status of the meter 
and more importantly, if it’s a sunny day. If it’s sunny, TV can be on for the whole 
day, but if it has been rainy for 3-4 days and hasn’t been windy much, I carefully 
check the status and consider if I have work issues where I need to use my PC 
(Summer cottage 3). 

Routinized use (solar -
thermal collector) 

Monitoring energy 
sufficiency 

Especially with this wood stove (that is capable of water heating) it is easy to put 
the fire on. And it’s one load in spring time when the sun is not heating it enough. 
So I don’t let the water-cylinder temperature drop down too much and I just put 
the stove on if needed. I use it for other purposes as well (Householder 6). 

Routinized use (solar-
thermal collector) 

Monitoring of 
monitoring system 

I do nothing more than check that the logging computer is on. There was just 
one Windows update and it (the logging system) started acting up (Householder 
4). 

Routinized use (solar-
thermal collector) 

Maintenance 
during winter 

Snow has to be cleaned a couple of times per winter. It was just yesterday when 
my husband dropped snow from there. It can handle 30 centimeters snow but 
there was slightly more snow now so this was the second time to clean them. 
That’s the only worry during winter. 

Routinized use (solar-
thermal collector) 

Maintenance after 
winter break 

It’s quite maintenance free. When it starts to work in spring, I just check that it 
has enough liquid in the system. The liquid can somehow disappear during 
winter (Householder 11). 

Routinized use (air-heat 
pump) 

Seamless use Using (an air-heat pump) hasn’t changed. I have almost forgotten the whole 
thing that it’s there, working the whole time. There is no actual need to “use” it 
(Householder 7). 
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an automation system is used to log performance data 
and control the system. Additional system-level 
monitoring through computer-based automation can 
make regular oversight a permanent practice. Home 
automation represents a technology add-on that hides 
the original system and introduces a new layer be-
tween users and the energy system. User monitoring 
and checking is no longer aimed at the energy-
production system itself, but interest can even turn to 
ensuring that automatic logging works properly (Ta-
ble 4). 

As time goes on, interest in maximizing perfor-
mance loses significance. Once running an air-heat 
pump is not considered as “use,” the technology be-
comes “infrastructural” (cf. Bowker & Star, 1999). 
However, the presence of DETs is less seamless in 
the off-grid environment, where electricity provision 
is limited and, as a consequence, the number of con-
nected appliances is restricted. In the learning pro-
cess, users seek to test the limits of energy suffi-
ciency and to identify new combinations. In the cur-
rent dataset, consideration of limits and variations 
becomes a normal part of use, and users keep in mind 
the priority of energy-consuming activities and envi-
ronmental conditions that influence production. 

In the grid-connected environment, after the 
learning period and when systems are working to-
gether in an optimal way, the source of the energy is 
rarely noteworthy in normal domestic activities. 
Nonetheless, some suspicions can linger. An air-heat 
pump user is wary about having the pump on when 
baking: 
 

I don’t know if it makes any difference, but 
usually, when I bake, I don’t keep it on. If I 
bake, for example, a cake, I really don’t 
know if there is any impact but I don’t keep 
doors open and so on, because it can spoil 
the cake. It might be just a belief (House-
holder 1). 
 
Studying DET use and technology monitoring 

leads to questions of how technologies should be 
present in an optimal case. Historically, when energy 
production became centralized, it lost its visibility for 
consumers. Should the decentralized model change 
this situation and thereby make the production of 
energy more apparent, and if so, in what way? DETs 
reduce energy consumption (Keirstead, 2007), thus 
product design should increase the conservation im-
pact without making technology intrusive and cum-
bersome in its normal use. 
 
 

Domestication Pathways 
 
Previous domestication literature reveals eco-

nomic, spatial, temporal, and social processes in 
technology adaptation (Russo-Lemor, 2006; 
Sørensen, 2006). These aspects are all visible in the 
DET context. In addition, the pathway type of for-
mation in technology domestication, how it creates 
and produces practices that lead to the adaptation of 
new technologies and practices, is especially appar-
ent. This phenomenon can be conceptualized as do-
mestication pathways. The earlier four-phase domes-
tication framework usually leads to analysis, where 
new technology-adaptation processes are followed 
and the process has clear starting and ending points 
with a new “normal,” where new technology has be-
come part of everyday life. However, multiple do-
mestications can be linked and lead to adaptation of 
new technologies without a stable final point. 
 
Examples of Domestication Pathways 
 

The following three cases provide examples of 
different types of domestication pathways discernible 
in the current study. 
 
Pathways and a Changing Motivation: The Case 
of Micro-wind Energy in the Off-grid Summer 
Cottage 

For many Finns, life and home are divided into 
two places, the city and the summer cottage. The 
cottage is an everyday phenomenon and accordingly 
lacks the elitist connotations associated with owning 
a second home in most countries. In Finland, summer 
cottages are often primitive, which can be a well-
considered choice. In fact, a summer-cottage life can 
be a ritual where it is possible to live today in a way 
that might have existed in the past. Simplicity and 
roughness make possible sensuously rich experiences 
(Periäinen, 2006). Life in the countryside can be seen 
as an escape from the material and service overflow 
of cities. 

A retired man explains how the off-grid energy 
system that powers his summer cottage has devel-
oped over a twenty-year period (Summer cottage 1). 
Motivation, usage purposes, and the meaning of 
technology have changed over time as life situations 
and technologies have evolved and new product cate-
gories have even emerged. The cottage was originally 
built in 1981 with very few conveniences. It had no 
electricity and a wood fireplace was used for heating, 
but as his sons grew new requirements started to 
arise: 
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When the twins were teenagers, they wanted 
to have television in the summer cottage and 
a solar panel was then installed (Summer 
cottage 1). 

 
After a few years, the situation changed again 

and the children no longer wanted to spend much 
time in the cottage. A television was no longer de-
sired, but new needs emerged. Charging a mobile 
phone became the most important use for electricity. 
When the first solar panel was installed in the cottage 
in 1988, there were no mobile phones that needed 
regular charging. Phone availability in a summer 
cottage was not standard. During the 1990s, this re-
spondent started to stay at the cottage for longer peri-
ods. Because daylight in the Nordic latitudes is sig-
nificantly shorter in the autumn, the solar technology 
was not able to provide electricity with similar effi-
ciency to the summer period and a new energy solu-
tion was required. In 1995, he decided to extend re-
newable energy sources to wind. The installed wind 
generator used the same infrastructure that had been 
built earlier to accommodate the solar technology and 
this equipment continued the evolutionary way of 
adopting technology both in a physical sense (renew-
able DETs) and cognitively (small-scale electricity to 
generate just the required amount, when needed). 
 
Pathways and Changing Meaning of DETs: 
Departing from the Traditional Role of 
Consumer 

The meaning of renewable energy production, 
and especially energy distribution, can go through 
significant conversion processes. Householder 6 is an 
artist who lives in an old school building originally 
constructed in 1904. At that time, most houses in 
Finland were heated by wood fireplaces and were 
without radiators and central heating systems. During 
later renovations, a water boiler was installed along 
with electrical floor heating in some rooms. An en-
ergy renovation took place in 2004 and the old hot-
water tank was replaced by a new model with solar-
thermal collectors on the roof. The tank normally 
would have been placed in a utility room but in this 
case it was not hidden away, but placed in the artist’s 
studio. She calls the tank Sun Cow (Aurinkolehmä in 
Finnish) (Figure 1). The tank is covered with black-
board paint and is used for drawings and to mark 
temperature and energy-production notes. She calls 
the solar collector on the roof the “Sun Spinner.” 
This wordplay changes the name of the modern arti-
fact to something that has a historically romantic tone 
with reference to spinning: “sun collector” vs. “sun 
spinner” (in Finnish aurinkokeräin vs. aurinko-
kehräin). With its new name, the water tank becomes 

almost part of the living world; it is a cow that 
“milks” hot water for the household. 

In Finland, relying solely on a solar-thermal col-
lector for hot water provision is possible only from 
late spring to early autumn. A supplementary source 
is needed during the colder months of the year. Elec-
tricity is typically the complementary source, but in 
this case the solution that works year-round is based 
on renewable sources. A wood stove, capable of wa-
ter heating, was installed in 2009. Also in this exam-
ple, the purchase of renewable energy technology, a 
solar-thermal collector, built a pathway and a bridge 
to a new system supported by the infrastructure of the 
previous technology. In future expansion plans, 
pathway creation is likely to continue. The interview 
revealed plans to install a photovoltaic (PV) or 
micro-wind generator which would be natural expan-
sions when the energy market opens up, particularly 
if Finland institutes a feed-in-tariff. 

Investment in micro-generation for one’s own 
purposes can be seen as capability building toward 
grid-connected DETs as users begin to see opportuni-
ties for the grid in a new way: 
 

Before, I was dreaming about organizing a 
celebration where big cable cutters were 
used to cut the lines to the national power 
grid. Now, I dream about solar panels that 

 
 
Figure 1 Hot-water tank in the artist studio. (Picture 
from http://aurinkolanka.blogspot.fi). 
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are connected via inverters to the grid 
(Householder 6).  
 
The main purpose for DETs still remains in 

micro-generation for personal use. Providing elec-
tricity back to the network is a natural extension 
when the energy user becomes independent and pro-
duction starts to exceed personal requirements and 
usage. The household is moving partly from a state of 
consumption outside of economic production activ-
ity, toward a highly intertwined, inseparable state of 
both production and consumption. The most ad-
vanced users see opportunities in networked co-
provision of energy and are willing to make addi-
tional investments when the smart grid enables a 
more open energy market for small producers. De-
tached family houses and dispersed community 
structures provide favorable conditions for micro-
generation and a smart grid that can be used for 
small-scale trials before mass-market operations. 
 
Pathways from Multiple Appropriation Hooks: 
The Case of the Air-Heat Pump 

In Finland, air-heat pumps are purchased either 
for summer cooling or winter heating. This also 
makes an air-heat pump a device for both consump-
tion and production.6 Users may first approach air-
heat pumps from one perspective then move toward 
the other as their usage practices evolve. Two types 
of change were evident in the current study. In two 
cases, an air-heat pump was purchased for cooling 
purposes during summer, but later in one case was 
extended to heating in the winter. In another instance, 
usage was extended in the reverse direction, from 
heating to cooling. 

Household 1’s residents already knew before 
moving into their home, built in 1962, that it was 
rather hot during summer months. They therefore 
undertook renovations and bought an air-heat pump 
in 2010 to increase summer comfort. The first winter 
proved very cold and electrical radiators were not 
sufficient to maintain a comfortable indoor tempera-
ture so the users decided to support electrical heating 
with the air-heat pump. In the case of air-heat pumps 
and summer users, the cooling function works as a 
convenience argument to adapt the technology. Mul-
tipurpose abilities open the pathway for new modes 
of usage during later stage of use. 
 

                                                      
6 Using a heat pump for cooling consumes electricity and produces 
cool air. It always uses more energy in comparison to a situation 
when there is no heat pump. By contrast, using a heat pump for 
heating consumes electricity as well but it produces heat for space 
heating. Electricity is used to take outdoor air heat (coming from 
the sun) to transfer it to indoor air. 

Socio-Technical Background of Domestication 
Pathways 

This study provides evidence that domestication 
pathways are formed through opportunities and limi-
tations of material products and learning in the adap-
tation of technology. First, domestication pathway 
creation can be seen as a result of technological path 
creation wherein previous technology choices open 
up and define the route for new alternatives. Second, 
a new product can create opportunities for new kinds 
of uses. Third, domestication pathways are a result of 
cognitive processes related to learning through prac-
tice, where acquired experience and knowledge in-
crease trust in renewable technologies. 

The energy systems of houses develop in an 
evolutionary way. The existing housing stock in Fin-
land has changed over a long period and general ren-
ovations in houses also entail energy-system im-
provements. Pathway creation is a natural develop-
ment in this context. All of the households in this 
study were reliant on hybrid-energy systems, includ-
ing more than one source or technology. Parts of the 
system were acquired in several phases over the life 
cycle of the house and respondents had carried out 
earlier renewable energy investments. These findings 
are in line with results from earlier studies on PV 
solar. Haas et al. (1999) suggested that the purchase 
of the technology may be part of a series of energy-
saving investments and called this a “conservation 
chain.” Keirstead (2007) asked PV users about their 
pre-PV energy-efficiency actions, and respondents 
were found to have had significantly higher rates of 
loft and cavity-wall insulation and efficient lighting 
when compared to national figures. 

The requirements of the Nordic climate and the 
capabilities of renewable energy technology drive the 
system toward hybridization. In Nordic countries, 
energy production from renewable sources other than 
wood-based fuels or heat-pump technologies cannot 
be used on a year-round basis. Solar and wind tech-
nologies provide intermittent production, necessitat-
ing supporting sources to provide a stable provision 
of energy (see Table 1). Even in cases where year-
round production is predictable, a supplementary 
source can provide improved usability (e.g., a pellet-
burning technology with a solar-thermal collector). 
Building the system around various sources removes 
unpredictability and can improve convenience.  

A domestic energy product is usually designed 
and built for a single purpose, providing heat or elec-
tricity. A metamorphosis of domestic energy technol-
ogy is rather inflexible; the actual purpose is fixed. If 
the purpose is altered, radical technical modification 
is needed; thus, incremental adjustments to accom-
modate gradual transformations of use are not com-
mon. However, in some cases, ambiguity supports 
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the appropriation of technology. Energy technology 
could be designed to enable incremental adjustments 
and to accommodate gradual transformations in use 
(cf., Salovaara, 2012). A novel product can open up 
opportunities for new kinds of uses with built-in fea-
tures or with extensions such as accessories. At the 
same time, a product provides clear benefits for early 
adaptation but sufficient flexibility toward multi-
functionatility to support later transformation of use. 
In the current study, air-heat pumps can be catego-
rized as a multipurpose product that demonstrates 
these opportunities. 

Technological adaptation can be seen as a set of 
trials where the real performance of a technology is 
tested and new purposes are found (Lehtonen, 2003). 
With a first renewable DET, users learn concretely 
what this type of technology can do, what its limita-
tions are, and what one, as a user, can do with it. In 
such situations, a user’s expectation level is not nec-
essarily high before the purchase and during early 
stages of utilization. Users are not seeking a radical 
single solution that fixes all previous needs and 
problems. Instead, the acquired new component will 
complement the existing system, working with it and 
making it more cost efficient or convenient. The new 
addition rarely replaces previous technologies com-
pletely. As the domestication process proceeds, users 
develop multiple skills and accumulate various expe-
riences. The trust of alternative technologies in-
creases in general and thresholds decrease to make 
changes, configurations, modifications, and new in-
vestments. 
 
Implications 
 
Energy-Policy Implications  

Infrastructures and material organization of 
spaces create constraints on consumption and condi-
tion a “package deal” of choices, which are available 
as a result of a particular set of policies and which 
preclude other choices (Southerton et al. 2004; see 
also Levett, 2003). In an optimal case, established 
technology legacies pave the way for a new renewa-
ble extension and make add-ons easier; thus, regula-
tion should recognize the importance of increased 
flexibility in energy-system building over the life 
cycle of a house. In both heating and electrical sys-
tems, “platform technologies” are necessary to enable 
various energy sources and hybridization of a house-
hold’s energy system. With heating systems, water 
circulation operates as the technology platform. Sim-
ilarly, with electrical systems, direct current (DC) 
wires, batteries, and inverters form the platform. 

Central heating with boilers and water circula-
tion makes the heating system highly flexible re-
garding energy source. The source can be changed or 

multiple sources can be added. A boiler optimizes the 
production of heat energy by enabling the storage of 
energy. The cost of central heating is relatively small 
in the case of new buildings when compared to the 
cost of renovation work, and thus the existence of 
central heating heavily influences a house’s future 
energy options. In Finland, the former popularity of 
direct electric heating has declined slowly during the 
last ten years. For example, from 2005 to 2009 in-
stallations of direct electric heating in newly built 
detached houses dropped from 33% to 20% (Vihola 
& Heljo, 2012). Sweden and Denmark are forerun-
ners in this type of policy, and direct electric heating 
has been restricted in new houses, since it is inexpen-
sive to install but inefficient. While increased flexi-
bility often leads to higher cost in the initial invest-
ment phase, public financial incentives can help to 
compensate for the additional cost of extendable 
systems that are cost- and energy-efficient in the long 
run. Regulatory measures and standardization can 
prevent manufacturer lock-ins and unnecessarily high 
technology switching costs. 
 
Design Implications 

Enabling multipurpose use can improve the mar-
ketability and adaptation curve of renewable energy 
technologies. The heat-pump case is an example of 
how a certain energy-consuming function, where 
value is in increased comfort, can be a sales argument 
for a unit that can actually reduce the total energy 
consumption of a house. Energy efficiency is im-
proved when the unit also replaces other heating 
methods. Improved diffusion capabilities in the mar-
ketplace through multipurpose functionality can also 
have undesirable effects, such as modestly decreased 
energy-efficiency gains because of rebound. In the 
case of the air-heat pump, use for cooling during the 
summer can partly consume the power savings 
gained by the improved heating efficiency. 

Increased options for expandability and customi-
zation enable future integration with other options, 
energy sources, and system hybridization. In the de-
sign of energy technology, well-planned system inter-
faces and designing modularity for expansion should 
be high on manufacturers’ agendas.  
 
Methodological Implications and Future 
Research 

When studying adaptation and the use of inter-
linked technologies over a long time period, the no-
tion of domestication pathways has methodological 
implications outside of the energy-technology do-
main. The technology adaptations in this study are 
highly networked and not limited to a single applica-
tion. Proper understanding of technology-
development trajectories requires a longitudinal-
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research approach. Previous domestication studies, 
especially in ICT, have followed the uptake and dif-
fusion of a single technology. Similarly, the domesti-
cation pathway is visible outside the systems of pro-
vision context. Multiple device ownership of mobile 
technology (e.g., smartphones and tablets) and highly 
interconnected Internet social-media use are exam-
ples of this phenomenon. The use of one product or 
service, if not a prerequisite, strongly supports the 
diffusion of new technologies, products, and services. 
Studying the domestication of multiple technologies 
simultaneously strengthens the methodological ap-
plicability of the domestication concept in general.  

Finally, learning by using has a key role in tech-
nology adaptation. Learning is required to realize the 
potential of technology. Users’ increasing skill and 
understanding in working with the product leads to 
new uses (Rosenberg, 1976; Hyysalo, 2006). In ear-
lier domestication research, Sørensen et al. (2000) 
emphasized cognitive processes related to the learn-
ing of practice when studying the uptake and diffu-
sion of a technology. Processes and dynamics of 
learning, and how learning continues throughout do-
mestication pathways of multiple technologies, de-
serve more attention in future research. 
 
Conclusion 
 

This article examines development trajectories of 
DETs to describe how renewable energy technology 
has been domesticated to support the energy provi-
sion of residential housing in Finland. Research on 
the social shaping of renewable DETs in the context 
of residential housing provides valuable insights for 
policy makers and designers, helping them to better 
understand the role of the inhabitants when designing 
and regulating residential DET systems. The use of 
the domestication framework reveals changing moti-
vations, issues influencing installation, and types of 
technology and practice changes during the early-use 
period, before a technology becomes embedded in 
daily life. Central here is the notion of an evolution-
ary approach in energy-system development. New 
renewable-energy systems are trialed before larger 
use and finally become supporting sources beside 
other technology. The use of one renewable technol-
ogy easily leads to other renewable sources later on. 
In this hybridization, modularity and multipurposing 
are the main design implications for manufacturers. 
Energy policy and supporting schemes should recog-
nize this gradual nature of domestic energy-
technology adaption. 

 The present study highlights the roles of users as 
energy producers. In the case of decentralized tech-
nology, energy consumption and production are in-
creasingly intertwined and the distinction becomes 

blurred. Decentralized production is democratizing 
consumption by building stronger autonomy from 
centralized utilities and taking back the power to in-
fluence source, price, and availability of energy.  

Individual routines of consumption change 
slowly in network-bound systems (Southerton et al. 
2004). However, in this study, when the users were 
ready to purchase renewable technology and produce 
electricity or heat for their own use, problems or bar-
riers occurred on a local level in socio-technical con-
figurations, rather than on the infrastructural level, 
and thus were relatively easy to resolve by (some-
times minimally altered) standard products, individ-
ual choices, users’ own actions, and changing prac-
tices. When micro-generation is scaled up and moves 
toward, for example, community energy, micro-grids, 
or more universal co-provision on smart grids, mu-
tual negotiations among different stakeholders and 
larger changes in infrastructural arrangements be-
come crucial. 

DET users in residential housing are building 
capabilities for a future smart-grid environment. Al-
though the production of a single household can be 
small today, often not even fulfilling the needs of the 
household itself, the same technologies can be ex-
pected to perform well when the smart grid opens up. 
There is a thin line from self-production today to co-
production tomorrow. 
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c We clarify how citizen users are able to invent in home heating systems.
c We researched inventions that users did to heat pump and wood pellet burning systems.
c During the years 2005–2012 there were 192 inventions by users in Finland alone.
c Users were able to invent in practically all subsystems of these technologies.
c Users’ ability merits policy attention and can lead to new types of policy action.
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a b s t r a c t

The new millennium has marked an increasing interest in citizens as energy end-users. While much
hope has been placed on more active energy users, it has remained less clear what citizens can and are
willing to do. We charted user inventions in heat pump and wood pellet burning systems in Finland in
years 2005–2012. In total we found 192 inventions or modifications that improved either the efficiency,
suitability, usability, maintenance or price of the heat pump or pellet systems, as evaluated by domain
experts. Our analysis clarifies that users are able to successfully modify, improve and redesign next to
all subsystems in these technologies. It appears that supplier models do not cater sufficiently for the
variation in users’ homes, which leaves unexplored design space for users to focus on. The inventive
users can speed up the development and proliferation of distributed renewable energy technologies
both through their alternative designs as well as through the advanced peer support they provide in
popular user run Internet forums related to the purchase, use and maintenance of these technologies.
There are several implications for how such users can be of benefit to energy and climate policy as well
as how to support them.

& 2012 Elsevier Ltd. All rights reserved.

1. Introduction

The new millennium has marked an increasing interest in
citizens as energy end-users. Efforts at climate change mitigation
have led to public campaigns to curb citizen energy use and to
incentives for the uptake of renewable energy technologies. The
coming of two-way electricity metering and distributed energy
production have widened the traditionally passive array of roles
set for citizen users of centralized energy supply. While much
hope has been laid on more active citizen energy users, it has
remained less clear what they can and are willing to do.

Our research on user inventions in heat pump and wood pellet
technologies in Finland revealed next to 200 user inventions and
clarifies that citizens are both able and willing to invent

improvements to renewable energy technologies. In the course
of this paper we seek to clarify what, where and how significantly
users can modify and invent renewable energy technologies in
residential homes. This scrutiny helps to counteract the false
assumption that users can make only low-tech add-ons as well as
the equally untenable hope that citizen users could take over the
design of renewables all together if only given the chance and
incentivized properly. The findings position renewable energy
users amidst the high variation found in user inventiveness in
other fields, ranging from next to no invention to, for instance,
close to one fifth of mountain bikers within a small region
reporting to have modified some of their equipment (von
Hippel, 2005, 20).

Our focus on Finland is motivated by three contextual issues
that render the country ‘‘a hard case’’, a neutral or even hostile a
context, for user innovation in the renewable home heating
technologies we examine. First, Finland has only a few small
manufacturers of heat pump and pellet burning technologies and
there are virtually no supplier ecologies that could spur user
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inventiveness. Second, wide availability of district heating sys-
tems and low energy and electricity price backed by recent pro
nuclear power decisions lessen economic incentives to invent in
renewable home heating systems.3 Third, there is little citizen
advocacy or renewable energy activism that could explain user
inventiveness (Ornetzeder and Rohracher, 2006).

Heat pumps and wood pellet systems are both relatively new
renewable home energy technologies in Finland as they have
proliferated only after the turn of the millennium. Air source heat
pumps have proliferated widely, and the current stock of 400,000
installations in 5,4 million people country contributes to lowering
the amount of electricity consumed in the over half of Finnish
housing stock that is heated with electricity. Ground source heat
pumps and Pellet burning systems have had more modest pro-
liferation; by 2012 producers estimate 60,000 and 25,000 home
units, respectively. Significance of ground source heat pumps and
pellet burning systems lies in offering an alternative for oil
heating, particularly through converting from old oil central
heating to renewable heating.

Our article is structured as follows. We first present literature
review and method sections. We then examine what users are
inventing in sustainable energy technologies and examine where
in the technical systems users are able to invent and what issues
appear to channel or curb users inventive actions (Section 4).
We then focus on the potential in user inventions in expert
evaluation (Section 5). These analyses are followed by a discussion
and implications for energy and climate policy.

2. Active and inventive users of renewable energy
technologies

To date the dominant approach to citizen energy end users has
rested on the technology transfer view, which posits a linear flow of
knowledge from research and development to everyday life. Techno-
logical improvements are seen to emanate from research laboratories
and find their way to end consumers via suppliers, retailers, assem-
blers, maintenance providers and promotional agencies (Guy and
Shove, 2000). In this scheme of things consumer attitudes and
perceptions of technology act as predictors of users adoption
(Rogers, 1995; Faiers and Neame, 2006; Schweizer-Ries, 2008) and
the key issue becomes how to overcome the ‘social’ or ‘non-technical’
barriers, seen as the main obstacles to the flow of adequate energy
technology and knowledge into practice (Shove, 1998; Garrett and
Koontz, 2008).

There is, however, accumulating evidence that complicates this
view. Since the late 1970s, sociological and demographic research on
residential energy use has consistently found great variations in
energy use among similar households (Lutzenhiser, 1993; Guerin
et al., 2000). These variations do not result from technological
differences (different heating systems, different insulation) but from
behavioral differences in using products and systems (thermostat
settings, number and length of showering, leaving lights on etc.).
However, rather than following straightforwardly from energy atti-
tudes or diligence in adopting, many differences appear to follow
from how end users adopt and adapt the technologies to their local
conditions and the particularities of their houses and everyday
practices (Shove et al., 2007; Caird and Roy, 2008). The importance

of skillful adoption and finding a well-suited blend of appropriate
technology options and energy practices has thus been raised to the
fore (Walker and Cass, 2007; Raven et al., 2008) as have activities and
skills in DIY house and energy efficiency renovations (Shove et al.,
2007). ‘‘Grassroots innovation’’ has recently been underscored as
means to capitalize on these ‘‘innovations-in-practice’’ and suggested
to contribute to their persistence and proliferation potential (Seyfang,
2009; Heiskanen and Lovio, 2010; Moloney et al., 2010). Varying
social and cultural conditions thus do not appear to be mere ‘barriers’
to diffusion, but citizen activities related to technological adaptation
and improvement as well as to market creation can become key
‘enablers’ of proliferation and more effective use of heating solutions.

An important line of research within the above avenue is to
examine users capacity and willingness to invent, design and
supply their own technical solutions. Contrary to the technology
transfer view users in many other walks of life have been
documented to develop technology on their own. There are
dramatic field and timing specific variations. The proportion of
user innovations can vary from next to none to up to 80% found in
surgical instruments and be limited to pre-commercial stage of
innovation or include users growing into manufacturers or
continued development in longstanding user innovation commu-
nities (von Hippel, 2005; Baldwin et al., 2006). Inventions by users
tend to be highly concentrated on few user inventors, typically
representing less than 0.1% of total user population. However, a
greater number of users do some modification to some of their
equipment, for instance surveys targeted at households in the UK
indicated that 6% of users have modified some technology they
use during the last three years (von Hippel et al., 2010).

Within research on renewable energy, user innovation has been
documented to occur in studies on modern biomass heating systems
and solar collectors in Austria (Ornetzeder and Rohracher, 2006),
wind turbine cooperatives in Denmark (Jørgensen and Karnøe,
1995; Karnøe, 1996), energy efficient buildings in Germany
(Ornetzeder and Rohracher, 2006), and straw bale housing in the
US (Seyfang, 2009). These studies indicate the significance of user
innovation in the contexts inspected, and imply that the issue may
deserve further attention. In particular a more detailed examination
of users’ inventions is interesting. The present inquiry thus seeks to
examine in-detail where in the technical system in question
inventive user modifications are accomplished and where not. This
provides indications to how capable the inventive users are at their
technical modifications of renewable home-heating technologies.
This should provide further cues of what role their advice and other
help they provide to other users may play in the market creation for
renewable heating technologies. This latter interest is motivated by
the popularity of Internet forums dedicated to renewable home
heating technologies, for instance, the Finnish ones related to the
three technologies we examine have been loaded 60–80 million
times during the last 5 years, and they are arguably among the key
enabling factors for the proliferation of these technologies.

3. Data and methods

Our data set consists of the analysis of Finnish heat-pump and
wood pellet Internet forums, where inventive users display their
projects, and 40 in-depth interviews. These user run Internet
forums have evolved into major communications medium
amongst the users of these heating technologies. The main
Finnish heat pump forum www.lampopumput.info features over
208,000 posts and 13,000 discussion threads by over 4100
registered discussants in its 6 years of its existence. By November
2012 its pages had been viewed 55,374,899 times, which is fairly
much for a language group of about 5.5 million Finnish speakers
and installed base of 400,000 units at the end of the 6 year period.

3 There are three nuclear plant projects underway in Finland. The construction
of 1600 MW nuclear plant (Olkiluoto 3) started in 2005. Current estimate for
opening the plant is 2015. In 2010 Finnish government made a decision to allow
two new nuclear plants (Olkiluoto 4 and Fennovoima) to be built. The lower
energy and electricitly price expectation does not directly affect users’ incentives
to self-build cheaper renewable systems, but it does affect incentives to render
them more efficient and economic incentives to invest in renewables in the first
place.
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The main forum dedicated to ground source heat pumps (GSHP)
www.maalampofoorumi.fi features 47,000 posts and over 4200
discussion threads by 3700 registered discussants within 7 years
of its existence. The forum dedicated to wood pellets www.pel-
lettikeskustelu.net features over 49,000 post, over 3600 discus-
sion threads and 2200 registered discussants within 6 years of its
existence. The load figures of the two latter forums are not
available, but a conservative estimate based on lampopumpu-
t.info would be 5–20 million times each.

We sampled and stored typical postings in all those forum
sections, which we suspected could reveal user inventions, most
notably the ‘‘own modifications and improvements’’ and technical
questions sections (from here on ‘‘do-it-yourself (DIY) sections’’),
which featured 1206 discussion threads. We read through all these
threads in their entirety and coded them. Codes were derived from
the data based on the actual words or terms used by the interviewees
(‘‘in vivo’’ codes) or defined by researchers (‘‘ex-vivo’’ codes). To gain a
better idea of the inventions and discussants, and their relationship to
those in the DIY sections, we used the general statistics of the forum
as well as manually checking the profiles of 115 discussants active in
DIY sections. We then conducted 30–120 min long semi-structured
interviews with 35 forum-active inventing users and 5 firms that had
collaborated with inventive users, focusing on the modifications these
users had made and the information sharing they had with other
users and manufacturers.

Our data analysis proceeded through categorizing all user
inventions and modifications in our sample. In total we found next
to 250 potential inventions or modifications that improved either
the efficiency, suitability, maintenance or price of the heat pump or
wood pellet systems. We clustered these findings further into types
of projects and then placed these under more general categories
typical to user inventions and alterations of technology, following
the naming conventions prevalent in the research literature
(Botero et al., 2010). We further coded for the thread topics related
to these forms of user inventiveness, what kinds of reactions, help,
and other contributions other users volunteered to these postings/
projects and the reasons users had for their inventive actions. After
this we used external experts to assess the inventions, which led to
discarding some projects as not clearly and significantly improving
the technology, its ease of use, purpose of use or energy efficiency,
leaving 192 projects verified as inventive.

4. Where and what can energy users invent in technical
systems?

The activity of citizen end-users in energy related adaptations
is predominantly thought of being limited to add-ons and DIY

renovation, which would boil down to technically simple addi-
tions such as placing a sledge under an air source heat pump
(ASHP) outdoors unit to remove ice in the winter or building a
housing for it to make it esthetically more appealing or making a
burning basket to ease pellet burning at home stoves (Fig. 1). Such
simple add-ons should not be belittled as they do ease the use and
uptake of new technology. Similarly important is DIY renovation
of homes using power tools with the help of DIY videos found in
the Internet (Shove et al., 2007).

However, the user inventions in these technologies also
include commercialized products and technically very sophisti-
cated rebuilding of machinery (Fig. 2), in fact they span a whole
range of additions, adaptations, reinventions and new designs,
which we discuss in detail below.

4.1. User inventions in air source heat pumps

In our search on ASHP we found 79 user inventions. Thirty
of these were ‘‘system level designs’’ that spanned several sub-
systems of the technology. We identified 25 ‘‘user modifications’’,
technical redesigns that were limited to one subsystem. As
important were 24 cases where user inventiveness was best
described as ‘‘user add-ons, repurposing, hacks, relocating or
working around’’. Let us first give short examples to characterize
user inventions in these categories. We then present a more
encompassing view of these inventions in Table 1 that classifies
the inventions according to subsystems of the ASHP technology.
Fig. 3 then visualizes the range and extent of these inventive user
projects within ASHP technology.

4.1.1. Example user design: Turning air-to-air heat pump (ASHP)
into air-to-water heat pump (ASWHP)

Several users turned several ASHP models into ASWHPs by
removing ASHP indoor convector unit and connecting the out-
doors air source collector into a liquid circuit in the water central
heating of the house. The design required reconfiguring the
coolant circuit, building the indoor circuit heat exchanger, adding
in new sensors and control logic for both indoor and outdoor
units, creating reference data for successful control etc. While the
energy saving is not usually on par with commercial ASWHP, the
cost is only 10% of the off-the-shelf ASWHP.

4.1.2. Example user modification and repurposing: Adding a resistor
to ASHP to make it maintain 8 1C temperature

Several users fooled the indoor temp sensors of their ASHPs (in
various technical ways) to achieve lower sought indoor tempera-
ture. In cold winter countries, garages and summer cabins and

Fig. 1. Examples of simple additions. Sledge for ice removal (left—http://lampopumput.info/foorumi/index.php?topic=1279.0), housing for air heat pump (middle—http://
lampopumput.info/foorumi/index.php?topic=7482.30) and wood pellet burning basket (right—http://kotisivu.dnainternet.net/juslaat2/innovaatio.html).
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other non-lived spaces are heated to non-freezing temperatures.
Heat pumps would cut this maintenance energy use significantly,
but only if rigged to work below the minimum specification
temperature, usually 16 1C. The latest commercially available
ASHPs support this type of functionality but at a considerably
higher price than rigged cheap models.

4.1.3. Example user add-on to ASHP
An IR-remote control is provided with several ASHP models to

control e.g., temperature and strength of air blow. When the
home includes several energy technologies, home automation

systems are often used to simplify the daily use of the systems.
The home automation can be PC-based, and monitor and control
several systems within the house. Users developed an add-on
USB-connected IR-box, which is used to replace the IR-remote
control of internal unit and control the heat pump via the
automation system.

Let us now shift perspective to the clustering of such inven-
tions within the technological configuration of this technology.
Table 1 discusses the extent and distribution of the found user
inventions within ASHP parts and technical subsystems.

Fig. 3 helps to further clarify these in regards to distribution and
range of user inventions in Finnish ASHPs. Most modifications have

Fig. 2. Example of advanced heat pump (left—http://lampopumput.info/foorumi/index.php?topic=2185.0) and wood pellet burning (right—http://www.pellettikeskus
telu.net/keskustelu/viewtopic.php?f=7&t=2618) user project.

Table 1
User inventions in air source heat pumps.

Part of the technical
system

Subsystem N:o user
inventions

Example descriptor of user invention

ASHP outdoor unit Installation location 2 Heat pump outdoor unit is installed empty space below roof or floor
ASHP outdoor unit Installation conditions 1 Covering unit with roof or overall cover
ASHP outdoor unit Melting mechanism of bottom cover 9 Adding resistor parallel to sensor
ASHP outdoor unit Melting mechanism of collector outdoor coil 4 Using IR-heater to prevent formulation of frost and ice on the coil
ASHP outdoor unit Add-on for the outdoor unit 4 Air input from system that is built from plexiglass
ASHP outdoor unit Channeling of the water out of the unit 6 Construction of inclines with hard to freeze material inside

the outdoor unit to prevent ice from blocking drainage
ASHP outdoor unit Handling of water outside of the unit 4 Placing plastic sledge below the unit to store accumulated ice
ASHP refrigerant system Refrigerant fluid 1 Adding propane to 410a refrigerant
ASHP heat exchanger Hot water tank 4 Radiator hot water tank constructed from an old oil tank
ASHP system Water circulation 1 Finding a way to install pipes closer to the floor surface than

in commercially available models
ASHP Internal unit Repurposing of air to air heat pump to

ASWHP
15 Removal of internal unit and replacing with water heat exchanger.

Changes to control logic required
Repurposing of ASHP Repurposing of air to air heat pump to

geothermal heat pump
1 Outdoor coil replaced with heat exchanger panel

ASHP external unit Repurposing of swimming pool heat pump 1 Utilization of recycled material
ASHP internal unit Repurposing of internal unit 1 Using unit as blow convector
ASWHP outdoor unit Utilization of cooled air from outdoor unit 1 Summer time cooled air can be tunneled back to apartment

for cooling purposes
ASHP remote control Add-on for internal unit 5 PC soundcard based control to replace remote control

and increase control distance
ASHP internal unit Mechanical structure 1 Spraying ‘‘noise killer’’ to reduce noise of internal unit
ASHP internal unit Sensors in the internal unit 4 Adding transistors and resistor to hack internal sensor

to achieve lower minimum temperature
ASHP system Add-on for monitoring and controlling the

overall unit performance
10 Utilization of weather forecasts from Wunderground weather service

to optimize performance
ASHP system System level design 4 DIY unit for industrial buildings

Total 79
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been dedicated to the outdoors unit’s freezing problems and to the
replacement of indoor convector unit with water circulation. What
is salient, however, is that users are able to invent in virtually all
parts of the technical system, including the coolant gas mixes,
control logics and system level design. Only three parts of the
configuration have been left untouched by the inventing users: the
insides of compressor unit, reversing valve and expansion device.

These user activities with ASHPs make clear that some users’
capacity to improve their energy technology is considerable.
Alongside a few new-to-the-world inventions with commercial
potential, a fair amount of more limited improvements emerged.
This is noteworthy as heat pumps are not the easiest or most
likely sites for user invention because of their technical complexity,
mass production, low configurability, manufacturer disinterest in
niche development, equipment integrating several technology
areas (coolant systems, electronics, mechanics, software, and in
ASWHPs also plumbing), and the loss of warranty and insurance
coverage upon making modifications.

In user forum discussions and in our interviews with the
inventors, three major issues appear to stand out as having
spurred inventions (1) inadequacies of most commercial models
in dealing with cold climates and the ensuing room for improving
in their energy efficiency and usability, (2) the emergence of user
run Internet forums where heat pump owners exchange experi-
ence, ideas and help (in Finland alone, pages have been viewed
over 60 million times), and (3) the relatively cheap price of
particularly lower-end of AHP models, which encourages experi-
mentation with them.

4.2. User inventions in ground source heat pumps

In GSHPs we found 4 system level designs, 8 user modifica-
tions and 14 user add-ons, repurposing, hacks, relocating or work-
arounds. Let us again first present short examples to characterize
user inventions in these categories, and then clarify their range
and extent (Table 2 and Fig. 4) according to subsystems of the
GSHP technology.

4.2.1. Example of user design
ASHP with ground source outdoor circuit. The typical GSHP is

connected to central heating system, which many older houses do
not have. An air heat pump convector unit with ground source
outdoor circuit enables a cost competitive GSHP solution that
suits this building stock. The outdoors unit of heat pump as well
as the control logic and connections between inside and outside
units are modified. The ground source to air heat pump user
innovation is commercialized by Jääsähkö Oy in Finland.

4.2.2. Example of user modification to GSHP
Some GSHP models utilize so called superheater solutions, in

which the domestic hot water is heated to higher temperature
with one additional heat exchanger. The user changed piping in
the unit to circumvent a lower temperature water tank through
which the unit circulated the water. He channeled the piping
outside of the unit, and installed a temperature changer to the
piping to keep the water temperature as constant as possible,
regardless of the status of the heat pump.

4.2.3. Example of user add-on to GSHP
A practice innovation to improve ground source heat pump

efficiency is to insulate its outdoor coil with snow. The outdoor
coil of the GHSP is typically installed either vertically in a deep
rock well or horizontally in the yard or in a field. In the latter
installation method coil is 1-meter deep in ground. In the Nordic
environment snow can be used as insulation during the winter-
time. When snow is accumulated in a heap above the installed
field it prevents the ground from cooling from outdoor air and the
coil stays in a warmer environment.

Fig. 4 helps to further clarify the distribution and range of user
inventions in Finnish GSHPs. The overall amount of inventions is
smaller than in ASHPs, but on a slightly higher level (0.02%/0.04%)
when compared to number of units installed in Finland. As with
ASHPs users have invented in most parts of the system, yet with
GSHPs it appears that the core unit with compressor, evaporator,
condenser and coolant liquids has been subject to alteration in only

Fig. 3. Range and distribution of user inventions in air-to-air and air-to-water heat pumps according the categories on Table 1.
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two more encompassing designs. Based on the list discussions and
interviews, the reason appears to lie in the substantially higher price
of GSHP installation, up to 30,000h, which inhibits citizens’ behaviors
that may violate the integrity and warranty of the equipment. GSHP
equipment is also more targeted to cold climates and thus features
less obvious space for improvement—nonetheless, as with the ASHP
it appears local conditions feature variation that generic designs do
not fully cater and leave unexplored design space, on which some
users focus.

As with the ASHPs and wood pellet burner technology we discuss
below, most user inventors were active in the user-run Internet
forum dedicated to this technology. Similarly, cost reduction or
improvements in performance were the expressed motives and the
common pattern is that most modifications concern fitting the
technology to local particularities, be those particular opportunities
such as the possibility to easily use snow to insulate the horizontal
collector field, or constraints, such as lack of water central heating.

4.3. User inventions in pellet wood burning systems

In wood pellet systems we found 12 system level designs, 51 user
modifications and 24 user add-ons, repurposing, hacks, relocating or
work-arounds. Let us again first present short examples to character-
ize the user inventions in these categories, and then clarify their range
and extent (Table 3 and Fig. 5) according to the subsystems of the
wood pellet burning technology.

4.3.1. Example user design: Building a wood pellet burner and
control logics from scratch

Several users built either their own burners or control logics.
For instance a father–son pair first redesigned an old oil burner to
a pellet burner. The father used his welding skills to build the
hardware, and the son built the needed control logics with his
software programming and electronics skills. The resulting design

Fig. 4. Range and distribution of user innovation in ground source heat pumps according the categories on Table 2.

Table 2
User inventions in ground source heat pumps.

Part of the technical
system

Subsystem N:o user
inventions

Example descriptor of user invention

GSHP Add-on for monitoring and controlling the
overall unit performance

8 Using Linux USB drive for storing automation data. Low power consumption
compared to constantly powered PC

GSHP Add-on for monitoring ground heat exchanger 4 Using extra temperature sensors for measurements with ground heat
exchanger

GSHP outdoor coil Coil location or modified use of coil and well 5 Coil is embedded in wastewater infiltration ground
GSHP/ Geothermal heat
to air pump

System level design 1 Air heat pump with underground air/liquid pipe

GSHP superheating
buffer tank

Water piping 2 Changing valve to thermostat valve to gain improved performance

GSHP outdoor unit Well 2 Use of plastic drain pipe to build maintenance well
GSHP add-on Add-on for control logic 1 Transfer of exhaust heat to GHP source field
GSHP add-on External hot water tank as add-on 2 The system is designed to work with small domestic hot water tank.

A separate lower temperature tank installed for circulating water
Radiators Heat distribution system 1 Increasing heat distribution with fan with radiators

Total 26
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lights up faster than alternatives and minimizes burning gases.
Several other users already use this new design.

4.3.2. Example user modification and repurposing: Turning an old
oil-burner to a pellet burner

Several users modified and repurposed their old oil burners to
better suit pellet burning. These modifications differed depending on
the oil burner brand. The problem with most oil burners is that the
fire hearth and the ash compartment are too small. Modification and
repurposing required extending the burner cavity of the oil boiler
lengthwise to enable a larger flame and hence cleaner burning.
Cleaner burning is seen as a prerequisite of efficient pellet burning.

4.3.3. Example user add-on to wood pellets: Building a burning
basket to add to burner or fireplace

Several users made burner basket add-ons to be used either
inside old oil burners or in the fireplace, because some old oil
burners lack a suitable ‘‘fireplace’’ and fireplaces lack a tray for
placing the pellets. Burner baskets can be made almost from any
metal thing, for instance bending three steel boards formed into
a square frame with one side open. Such add-on enabled the

controlling of air deflecting in the burning process, a quality that
was seen to be lacking in commercial products otherwise suited
for users particular conditions.

Examining the user inventions in wood pellet burners reveals
that also in this technology users have invented in all aspects of
the technology. In fact, Fig. 5 clarifies how only the radiators
inside the house received no alterations. The Finnish wood pellet
burning systems feature two new-to-the-world designs, while the
remaining 65 inventive user projects created systems or modifi-
cations that recreated existing types of equipment from metal
parts that happened to be available or modified extant equipment
(e.g., oil burning stoves) for wood pellet use.

Again we find the user forum www.pelletikeskustelu.net
playing a major role in dissemination of ideas and peer assistance
as well as cost reduction appearing to play a role as self building
can produce a working pellet system with 10% of the price of
purchasing a commercial one. Again we also find local conditions,
means and resources being utilized. In this latter aspect, however,
lies a difference between wood pellet and heat pump projects.
Most pellet systems rest on direct engagement with materials at
hand and on site (not mediated by accurate blueprints or design
tools and their distribution over the Internet) and they create

Table 3
User inventions in wood pellet systems.

Part of the technical
system

Subsystem N:o user
inventions

Example descriptor of user invention

Pellet Boiler Burner 11 Building own burner design from metal
Pellet Boiler system Pellet Boiler system 11 Welding a whole new boiler unit
Pellet Boiler Burner control 2 Programming the software logics and wiring the electronics for own burner
Pellet transfer Pellet Auger 3 Pellet auger from a single piece of rust-resistant metal
Pellet transfer Cyclon 5 100-litre barrel, attached to a recycled efficient vacuum cleaner with a rubber chain
Pellet storage Indoor silo 5 Using an old big metal cucumber container for building a daily pellet storage
Pellet storage Outdoor silo 9 Building a separate outhouse for pellet storage
Pellet system Measurement 5 Monitoring burner temperature and failure alarm
Pellet system Automation 9 A graphical temperature monitoring system with I- wire sensors
Pellet boiler Exhaust gas vacuum 1 Old oil tank turned into an exhaust gas vacuum
Heat system Hot water tank 1 Building a 4000 l hot water tank out of rust-resistant metal
Other systems Other pellet burning systems 23 Building a burner basket that enables the flow of air in the burning process
Other Pellet Production 1 Building a transferrable pellet mill on top of a pick-up car

Total 87

Fig. 5. Range and distribution of user inventions in wood pellet burning systems according to the categories on Table 3.
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the technology from available materials, not starting from or
improving on commercially available systems as was the case in
heat pump projects.

5. Expert evaluations of user inventions

To evaluate the significance of inventive user projects we
subjected them to expert evaluation. Both in heat pump and in
wood pellet systems, we used three expert evaluators to assess
the projects on a scale from 1 to 5 in regards to their inventive-
ness (minor improvement – significant and new to the world)
ease of implementation (low/difficult – high/easy), diffusion
potential (marginally – to all equipment) and energy saving
potential (as percentage and as kW h per year in a typical Finnish
detached house having total consumption of 20,000 kW h in
which 16,000 kW h is consumed on heating). We chose the
experts so that one in three represented academia specialized in
the technology area, one ‘‘lead users’’ or user inventors and one
companies in the technology area. Both sets of three evaluators
provided well-aligned appraisals of the inventions: at most a
difference of one degree was found in cross-comparisons. We
thus could settle the value by majority vote following the value
given by two evaluators.

The first item in evaluations, inventiveness (Fig. 6), shows that
most user modifications and add-ons were relatively incremental.
In heat pumps 81% and in pellet systems 75% of items fell onto
minor (5) or relatively incremental (4) categories. In heat pumps
17% were classified as moderately significant (3), 1% as relatively
significant and 1% as new to the world. In pellet systems 16% were
scored as moderately significant (3) 6% as relatively significant
and 3% as significant and new to the world invention.

The second item in evaluations, ease of implementation by
potential adopters, interpreted as existing and potential users
within Finland (Fig. 7), tells of the above indicated technical
sophistication of particularly heat pump hacks and inventions.
Most heat pump modifications are moderately difficult to difficult
to implement, typically requiring fair technical sophistication.
While the experts considered them as difficult to implement, they
acknowledged that many users who actively followed the Inter-
net forums would have the requisite know-how to realize these
designs. The implementing users would also be greatly augmen-
ted by the kind of detailed instructions that inventing users
typically provide of their work as well as by the personal
instructions and problem solving help the inventive users are
equally prone to provide Fig. 8.

The different nature of wood pellet systems and their user
inventions is visible in their ease of implementation. Only less
than 20% belong to the difficult-to-implement-categories pro-
vided that the person has common metal working skills as
his/her competences.

The third item in the evaluations was the diffusion potential of
the inventions to the total Finnish user-base: to how large a
proportion of the Finnish user base would the invention be
potentially beneficial and applicable? Here the results on heat
pumps and wood pellets are largely convergent. The majority of
the inventions concern and/or arise from local contingencies,
which sets requirements that limit their realistic diffusion poten-
tial. Another limiting factor is the type of technology model
in question. The Finnish market for both heat pumps and wood
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pellet systems is divided among several brands and tens of
models. Many modifications concern only a specific model,
population of which the experts took as the population into
which the modification can proliferate rather than evaluating
e.g., the sales potential of so improved model.

The final item in our evaluations was the energy saving
potential (Fig. 9). Here the expert evaluations proved less helpful
than in other categories. In wood burning pellets it became
simply too hard to assess reliably the energy saving achieved
without field trials. In heat pumps this was easier, as there in
most cases was already a model on which the invention or
modification was built onto. However, over 40% of the user
inventions were in fact improvements to the usability and
monitoring of the systems. In some such cases our evaluators
did provide estimates of indirect energy saving, which were
mostly higher than the mean direct energy saving of the eval-
uated inventions. However, we have discarded all but estimates of
indisputable direct savings to err on the conservative side of the
potential. Out of these, the median energy saving was around 3%,
whilst relatively few reached beyond 6% savings.

The energy saving potential is also debated amongst the users
in Internet forums and for many of the inventions assessed also
higher public estimates exist, some backed by monitoring data.
Our expert evaluators admitted that it was hard to quickly and
reliably determine the saving, and that they were likely to
underplay it, just as many user inventors could overplay the
saving or not be able to differentiate it from other possible
changes to their energy consumption.

Finally we tested correlations between the four evaluation
areas. The ratings were on measurement scales having limited
possible scores, and we used both Spearman’s Rho and Keldall’s
tau-b that are suited for this. Their results were in alignment and
the significant correlations (po0.01) were as follows (numbers
from spearman’s rho). Inventiveness correlated negatively with
ease of implementation (!0.281) and positively with diffusion
potential (0.324). Inventive modifications were thus evaluated as
more difficult to implement, but had higher diffusion potential
than incrementally inventive solutions. Energy saving potential
had negative correlation between both ease of implementation
(!0.423) and diffusion potential (!0.404). The inventions that

resulted in higher energy savings were also more difficult to
implement and had less diffusion potential. Not much can be
inferred from these correlations apart from that inventiveness
and energy saving ambition should not be dismissed by e.g.,
incorrectly presuming that easy to implement incremental mod-
ifications could be more desirable in terms of diffusion potential
and energy saving.

6. Discussion: What can inventive users do and why they
do it?

The present study reports a systematic study on citizen users
ability to modify and invent in sustainable home energy technol-
ogies. We focused on three sustainable energy technologies that
are relatively widespread in Finland. In total 192 user inventions,
designs, modifications and add-ons were found in air and ground
source heat pumps and wood pellets. These featured new-to-the-
world designs even as the majority of the inventive user projects
were more modest in scope or in novelty. Our analyses show that
in all three technologies users are able to invent in practically all
parts and subsystems of the technology. Those subsystems that
do not feature user modifications such as compressors and
radiators appeared to be such parts that users did not find a need
to tinker with rather than being too difficult to modify.

Our expert evaluations showed that the most advanced
designs aside most user inventors built solutions that had one
or several facets that would have rendered them unsuitable for
mass producers of the systems. The inventions were either useful
for relatively specific locales, compromised the durability or
reliability of the system in a manner that could be locally
compensated for but would not suit all users, or combined
different technologies in a manner that commercial manufac-
turers would not find appealing even when local benefits were
obvious. In this capacity, user inventiveness presents a comple-
mentary direction for the advancement of technology to research
or manufacturer driven R&D. The inventors were aware of the
risks their experimental projects could entail, and judging from
the forum discussions, had created well working local arrange-
ments to handle them.

Taken together these findings indicate that some citizen
energy users have significant competence and will to take a deep
and active relation to their energy technologies. The rise, spread
and visibility of sophisticated DIY competences and projects has
been facilitated by user run Internet forums, that allow helping
and thus the mixing of professional competences that is often
requisite for user inventors to achieve their designs. As with most
other technologies, the making of inventive modifications is
concentrated on few individuals. The inventions we found repre-
sent 0.02% of ASHP, 0.04% of GSHP and 0.3% of pellet burner stock
in Finland. The number of people who display their own mod-
ification projects on the Internet but abort them is roughly equal
to successful ones. The number of people who copy modifications
is greater, but hard to assess as is the amount of users who do not
display their modification projects publicly or in peer networks.
The rough magnitude of the number of people affected by the
advice and help given by inventive users to all kinds of technology
questions in the Internet forums can be estimated as at least
several thousands for each of the three technologies. Most of the
inventive users post extensively (up to 10,000 post by one
individual), provide ‘‘top end help’’(help when others no longer
can) and their advice is frequently referred to by others in forums
that have been viewed at least 60 million and most likely over 80
million times. The inventive users and their projects thus appear
to play a role in both the technical evolution as well as market
creation for these technologies.
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7. Implications for energy and climate policy

Users capacity to make inventions and modifications, and its
public availability, can speed up the development and prolifera-
tion of distributed renewable energy technologies.

In the first instance user inventions point at what is missing in
the market: these advanced people are aware of the limitations of
the technology and try to solve them by inventing (cf. von Hippel,
1986). Hence, manufacturers, installers, standards setters and
policy makers might examine the inventions from the perspective
of what needs to be done, especially when bringing products into
new local markets. Two areas stand out in the current data set:
lowering cost and modification to users’ particular circumstances
(e.g., cold climate, specific mix of energy technologies in the
house). If policy makers (and so it seems) are engaging more
closely with technologies again, they might find ways to support
the latter line of development e.g., via requiring some level of
modularity and adaptability. The lower cost solutions could, in
turn, be capitalized on by local entrepreneurs who could do
further designs based on user prototypes that are typically freely
revealed. This could be stimulated through an industrial/innova-
tion policy targeted at startup SMEs. The expert evaluation
conducted here (in a somewhat modified form) could serve as a
template for reviewing user inventions and seeking ones that are
worth supporting. Furthermore, corporate and policy actors could
benefit from identifying and inviting the ‘lead-users’ into ideation
workshops to chart the future development (Churchill et al.,
2009), a format that has been shown effective in many fields
and is already trialed by German energy companies.

A related implication is that citizen user inventions comple-
ment and offer alternative routes for the proliferation and design
of the technologies in question. As with most other technologies,
the proportion of users who have the will and capacity to do
inventions and inventive modifications is relatively small, less
than a 0.5%. However, users in the small country of Finland alone
have made several improvements per technology model in the
market. These have spread as new start-ups, incorporated into
producer offerings as well as spread as common hacks among the
user population. It is worth remembering that the accumulation
of minor improvements is responsible for a major part of
technological progress (Rosenberg, 1976). The alternative prolif-
eration paths and their significance is an area that merits further
research, also in regards to management of risks, resale value of
modified equipment as well as in regards to determining with
more accuracy how they could be best supported.

The capabilities of inventive users appear to be relevant also for
market creation for new renewable technologies. The Internet
forums for these three technologies have been viewed 60–80 million
times to find information on purchase, running, maintenance,
monitoring, adjusting and optimizing these energy technologies in
citizens’ homes. Most inventive users are among the core partici-
pants in these forums. Their projects and competence appear to
provide assurance, inspiration and increased awareness of energy
technologies’ behavior among the non-inventing users that read
Internet forums. This holds value, as studies on e.g., heat pump
usage in Finland shows that these technologies are grossly under-
used compared to their potential (Degefa, 2010). Potential policy
support related to the inventive users in market creation could
target the running costs or small compensation to moderators and
key users for the voluntary helping behaviors these users already do.
Policy actors could equally provide support for attempts to set up
new forums that bridge different renewable technologies (forums
are now technology specific even as many houses have a hybrid
systems of multiple heating forms). Highly capable inventive users
could also be enticed to join into more structured help-line set-up
for potential adopters.

Another implication for energy and climate policy is the
possibility to invite inventive users into the ideation of innovation
support mechanisms and in identifying barriers to proliferation of
local renewable energy and electricity generation. Trials in these
areas are underway in Finland with tens of problem areas and
ideas recorded and recognized as potentially valuable by the
policy makers involved in these processes. A potential further
action route could be setting up concrete tasks and pilots where
such expressed future requirements and ideas can be iterated,
and where leading users could potentially lead local and concrete
development efforts.

Let us end with consideration of how generalizable the find-
ings and implications may be beyond the specific Finnish con-
texts. In regards to financial incentives inventive user activities
are more likely elsewhere. Both current and expected energy
prices in Finland are among the lowest in the EU and the average
income is high even as the cold annual average temperature (6 1C
at the south of Finland) does add to the heating bill. As regards to
cultural facets, the sparsely populated Finnish countryside has
retained some do-it-yourself culture, yet this may not differ from
rural areas elsewhere. Finland is at the top in UN education index
and this may feature in Finnish citizen users’ capacity and will-
ingness to invent and set up extensive communication forums on
how to handle technical novelties. Hence, whilst economic
incentives to do-it-yourself projects and inventing are higher in
some developing countries, the capability to modify could remain
less or at least formed differently.

Finally, in regards to generalization about technology, the
three technologies we examined provide some variation to con-
sider this. Out of the trio examined in this paper, ASHPs are at the
extreme of their design specification in the Finnish mid winter,
which could arguably explain some of the user inventiveness
therein. Pellet Burners featured the greatest proportion of user
modification, and this could be argued to follow from their
earliest technology development phase out of the three. However,
users modified also GSHPs to suit their local particularities, even
though this technology is climate wise well adjusted to Finland
and also technologically relatively more mature by now. All the
above considered, we expect user invention in home heating
systems beyond these particular technologies, national bound-
aries, extreme markets or early technology development phases,
even as the most invented on technologies might vary from
location and industry lifecycle to another.
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Internet Forums and the Rise of the 
Inventive Energy User 

Sampsa Hyysalo, Jouni K. Juntunen and Stephanie Freeman

While climate and energy policy voice concerns about citizen’s lack of improving 
their houses and heating systems, some citizens by far exceed the expectations. 
Our research on heat pumps revealed over a hundred inventions by citizen users in 
Finland alone, despite the technology being in many respects uninviting to modify. 
Users’ capacity to carry out these modi! cations owes much to their exchanges at user-
run Internet forums, a new and proliferating type of setting. These online forums help 
otherwise dispersed and heterogeneous users to create a speci! c kind of learning 
space that helps some users to “grow inventive” even as the majority of users therein 
remain indi" erent towards their speci! c projects. These ! ndings open a discussion 
on how the actions of typically a small group of inventive users are embedded in and 
supported by the activities of a broader user base. 
 
Keywords: User Innovation, Internet Forums, Renewable Energy

Introduction

Recent years have seen many attempts to 
include citizens as more active players in 
the realization of energy and climate policy. 
Most of these have focused on campaigns, 
means and measures to reduce end-user 
energy consumption with the thrust on 
how industry developed products could 
be made to di! use and be used to their 
full potential (Nye et al., 2010). Even as 
many of the renewable and more local 
energy technologies are available o! -
the-shelf, the adequacy of the solutions 
to local problems varies with regard to 
building location, housing type, and 
activities within the house. Such variable 
user-requirements may spur the making 
of local modi" cations to get the best out of 
generic technologies in renewable energy 

(Ornetzeder & Rohracher, 2006; Seyfang & 
Smith, 2007; Heiskanen et al., 2010b), as has 
been the case in other sectors (Fleck, 1988; 
Douthwaite et al., 2001; Williams et al., 
2005). It is common that conditions where 
mass produced goods do not meet the 
localized needs of users result in what von 
Hippel calls user innovation niches that spur 
a signi" cant amount of inventions by users 
(von Hippel, 2005; Baldwin et al., 2006). 
To date, energy-related user innovations 
have been researched in renewables such 
as modern biomass heating systems and 
solar collectors (Ornetzeder & Rohracher, 
2006), wind turbines (Jørgensen & Karnøe, 
1995; Karnøe, 1996), and in energy e#  cient 
buildings (Ornetzeder & Rohracher, 2006). 

Prompted by this background we 
conducted a line of research on end-users’ 
inventive behaviours in sustainable energy 
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in Finland. In this paper we examine a 
subset of this data related to heat pumps, 
which ! rst made evident the importance 
of Internet-enabled and user-maintained 
“forums” in impelling user inventiveness 
in renewables. " ese relatively recently 
matured online environments appear to 
allow dispersed sustainable energy users to 
seek information and tap into each others’ 
ideas. " e forums appeared to have provided 
connections and e#  cacy that far exceeds 
anything that self-builders had at their 
disposal in the past. Most of these forums 
began operating after 2005 and it has taken 
some years for them to reach a signi! cant 
scope. It is thus only now that we can take 
stock of whatever potential these forums 
may have. " is state of a$ airs is relevant not 
only for our understanding of end-users’ 
inventive behaviours with renewable energy 
technologies but also reveals that user-run 
Internet forums deserve greater attention 
in research on user innovation as well as on 
intermediation. 

In such forums, people organize around 
products and technologies to discuss use, 
purchase, experiences, and community 
knowledge about products and producers. 
" ey also include peer support for inventions 
by some of their members. " e dynamics 
between other users and inventive users 
holds importance for how we should view 
user and citizen potential in innovation. 
To preempt some of our ! ndings, we argue 
that user-run Internet forums allow for co-
existence and interchange between di$ erent 
peoples, competences and interests. " is 
is conducive to some of the members 
“growing to become inventive”, and many 
members gaining deeper appraisal of the 
technologies in question. " e role of forums 
is emphasized in the heat pump technology 
we have chosen to study. Heat pumps 
are an unlikely area for user invention 
in renewables. " e reasons include their 
technical complexity, mass production, low 

con! gurability, manufacturer disinterest in 
niche development, equipment integrating 
several specialist technology areas, and the 
loss of warranty and insurance coverage 
upon making modi! cations.

" e contribution of the present paper 
is thus twofold: 1) we seek to bring to the 
fore the supporting role that user-run 
Internet forums provide for inventive 
citizen engagement with technology and 
2) the particular implications this holds in 
sustainable energy technologies which is 
the domain of our analysis. We unite these 
two areas of interest with the research 
question: 

How do user-run Internet forums support 
user innovation in sustainable energy 
technology? 

Our exploration proceeds as follows. We 
! rst review research on user innovations, 
user communities, and Internet forums 
and discuss why a science and technology 
studies approach helps us gain new insight 
on the topic. We then present our data and 
methods and move to outline the inventions 
of Finnish heat pump users and the direct 
support they have received for realizing 
them. After this we examine the mechanisms 
that lend important indirect support for the 
inventive users. " ese ! ndings are drawn 
together by discussing how they facilitate 
deeper engagement with technology. In the 
! nal section we draw conclusions for energy 
and innovation research and for related 
policy. We have placed in the Appendix 
basic information on heat pump technology 
and of the user forums we examine in this 
paper. 

Internet Forums and Innovation 
Communities in User Innovation 

Research to date has established several 
things about inventive users. " ey tend to 
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get help from their peers, and this help is 
often vital for realizing their designs (Franke 
& Shah, 2003; Jeppesen & Molin, 2003). As 
in more conventional R&D, inventive users 
are pro! cient in particular aspects related 
to technology and hence the scope of 
design they can master alone remains more 
limited than when pooling contributions to 
realize whole new designs (Franke & von 
Hippel, 2003; Benkler, 2006). While most 
attention has been paid to explicitly design-
oriented collectivities, such as open source 
development (Weber, 2004; Benkler, 2006) 
crowdsourcing (Howe, 2009; Tapscott & 
Williams, 2011) and variations of the open 
design movement, these are not the only 
areas of users’ inventive actions in peer-to-
peer networks. In many domains innovating 
users are deeply embedded in communities 
of practice (Franke & Shah, 2003; Baldwin 
et al., 2006; Hienerth, 2006; Bethwaite, 
2008) or have organized design-oriented 
networks within them (Hienerth, 2006; 
Flichy, 2007; Bethwaite, 2008). It appears to 
be no accident that also in renewable energy 
the few reported user innovation success 
stories feature self-building groups and 
co-operatives (Jørgensen & Karnøe, 1995; 
Ornetzeder & Rohracher, 2006; Seyfang, 
2007).

Invention prone users are, however, 
often geographically dispersed. Internet-
enabled services can boost the visibility and 
connectivity among potentially innovative 
agents. " is has been observed in many 
online game environments (Jeppesen & 
Molin, 2003; Prügl & Schreier, 2006) and 
also in designing physical products, even 
if only some aspects of these products 
can be shared across the web (Sawhney et 
al., 2005; Jeppesen & Frederiksen, 2006). 
Studies of on-line support have, however, 
examined relatively uniform hobbyist 
communities of practice, and mostly have 
done so quantitatively (Jeppesen & Molin, 
2003; Jeppesen & Fredrikssen, 2006). " ere 

is some research on do-it-yourself (DIY) 
modi! cations and related blogs and forums 
and how they act as information repositories 
(Shove et al., 2007; Watson & Shove, 2008). 
" ese suggest a link between physical 
innovations and virtual communities as DIY 
forums showcase how personal experiences 
and knowledge from creating physical 
objects are projected into the public sphere 
(Kuznetsov & Paulos, 2010). Nevertheless, 
overall there is little research on the 
interrelation between user innovation and 
online user forums that are not set-up for 
innovation per se. User-run community 
forums are, at most, pointed to as a resource 
for managers to harvest or mine innovative 
ideas to manufacturers’ bene! t (Jeppesen & 
Molin, 2003; Pitta & Fowler, 2005; Franke et 
al., 2010).

To go deeper into the role that user-run 
(and not innovation-focused) Internet 
forums play in user inventiveness, we turn 
to science and technology studies concepts 
as a means to describe participation in 
complex sociotechnical formations. Our 
! rst point of departure is that design and 
use are not static categories, but should 
be examined as emerging and evolving 
relationships to technology (Hyysalo, 
2010). People are not users, lay users or 
lead users per se, but rather the emergence 
and evolution of their usership should be 
examined as an accomplishment and a 
processual engagement between person, 
the practices s/he enacts and the technology 
s/he appropriates therein. (Helgesson 
& Kjellberg, 2009). In such engagement 
process peers and peer networks have been 
observed to play a signi! cant role, and 
terms such as local experts (Stewart, 2007) 
and user side intermediaries (Stewart & 
Hyysalo, 2008) are useful in addressing the 
often mundane but important assistance 
that goes into making technologies work. 

" e processual view endorsed by 
technology studies further underscores that 
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attention should be paid to more than just 
information exchange and the giving and 
receiving of help, which dominates user 
innovation (Franke & Shah, 2003; Jeppesen 
& Molin, 2003). Attention needs to be 
broadened to learning that may or may not 
take place in the course of the development 
of usership; i.e. what competences the 
participants build and with what e! ect 
(Shove & Watson, 2007). When it comes 
to inadvertent support, concepts such as 
learning through legitimate peripheral 
participation are particularly helpful, 
as they help capture the often complex 
and multifaceted learning (and growth) 
process of a person moving from being a 
relative novice towards increasing mastery 
of a given practice (Lave & Wenger, 1991; 
Wenger, 1998). 

" e pertinent questions further concern 
how the practices at hand are organized; 
in the words of Blok (2013), what is the 
nature of the assemblages formed. Here, 
Internet forums feature important diversity. 
Some such forums accompany a relatively 
homogeneous practice, such as the Finnish 
forum for single speed bicycles, which 
could well be characterized as a medium 
for a community of practice (Wenger, 1998). 
Others are tied to a joint development 
project(s), such as open source development 
initiatives, rendering the community 
primarily into an innovation community 
(Jeppesen & Frederiksen, 2006; Freeman, 
2011, Heiskanen et al., 2010). Yet other 
forums are diverse to the extreme, such 
as Suomi24, which features hundreds of 
discussion areas and interests. Such forums 
can be best characterized as boundary 
infrastructure (Bowker & Star, 1999), which 
allows the partial co-existence of multiple 
social worlds. All these community/
collectivity forms entail di! erent modes of 
participation and learning. " e user-run 
Internet forums in renewables we research 
make possible learning through legitimate 

peripheral participation, but appear to 
be more diverse in their participants’ 
orientations, competences and interests 
than, say, sporting-related communities or 
project-oriented innovation communities. 
We come to argue that this is also visible 
in the outcomes of the projects of their 
participants.

Data and Methods

Our data set consists of overviewing, 
sampling and content analysis of the Finnish 
heat pump forums, www.lampopumput.
info and www.maalampofoorumi.# , as 
well as 25 related interviews. " e forums 
are actively used by heat pump users. " e 
pages of the larger forum, lampopumput.
info, had been viewed over 57 million times 
by January 2012, while the other forum 
features no page load statistics. However, 
a very conservative estimate based on the 
other forum would be in the order of several 
millions (if not tens of millions).  

Our strategy was to # rst overview all 
major categories in the forums (n=42) by 
going through 40$100 thread headings 
in each, and following 5$20 threads in 
detail in order to get a sense of the topics 
and contents in each category. We then 
sampled and stored typical postings in all 
those categories that we suspected could 
have been somehow relevant for user 
innovation. It soon became evident that in 
lampopumput.info most user modi# cations 
and inventions had been initiated or moved 
by the moderators to an “own modi# cations 
and improvements” section (hereon “DIY 
section”), which featured 320 discussion 
threads. We read through all of these threads 
in their entirety. " e DIY section threads 
were between 10$15 posts per thread, 
but included both single posts as well as 
projects that featured over 300 posts. We 
# led all those threads, which featured user 
modi# cation or behaviours that directly or 
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indirectly appeared to provide support for 
users’ inventive behaviours, and categorized 
them with both ex-vivo and in-vivo tags/
codes. In the ground heat pump forum the 
self-design projects were scattered across 
several categories, but could be identi! ed 
nonetheless, and yielded similar analysis as 
with the ! rst forum.   

To gain a better idea of the inventions and 
discussants, and their relationship to those 
in the DIY section, we used the general 
statistics of the forum as well as manual 
checking of the pro! les of 65 discussants 
active in the DIY section. " e DIY discussants 
featured few “newbies”, and mostly consisted 
of people whose self-designations placed 
them as “active participants”, “experienced” 
or “moderators”, and had between 50 and 
10 000 postings. We conducted 30-120 
minute long semi-structured interviews 
with 22 forum-active heat pump lead users 
and 3 ! rms specializing in heat pumps. Our 
interviews focused on the modi! cations 
that these users had made as well as their 
activity and interactions on the heat pump 
forums. 

Our data analysis then proceeded 
through categorizing all user inventions 
and modi! cations to heat pumps in our 
sample. In total, we found 113 inventions 
or modi! cations that improved either the 
e#  ciency, suitability, maintenance or 
price of the heat pump as veri! ed by the 
external evaluators we used to assess their 
inventiveness (reported in Hyysalo et al., 
2013). We further clustered these ! ndings 
into types of projects and then placed these 
with more general categories typical to user 
inventions and alterations of technology, 
following the naming conventions prevalent 
in research literature (Botero et al., 2010). 
We further coded the thread topics related 
to these forms of user inventiveness: 
what kinds of reactions, help, and other 
contributions other users volunteered to 
these postings/projects, and the reasons 

users had for their inventive actions. In 
parallel, we similarly content analysed the 
interviews with regard to inventive projects 
as well as the forum activities and the help 
the interviewed users had received. We 
sampled posts elsewhere in the forum 
for behaviours and dynamics that may 
support or hinder inventive users. " ese too 
were content analysed and systematically 
compared with regard to types of forums 
postings, thread topics, example solutions 
o$ ered by other users, function for users 
and why they facilitate user innovation, and 
how wide a user population these activities 
concern. " e outcome classi! cations of the 
content analysis are presented in Tables 1%4 
below. 

Despite our data set being extensive 
and multiform, it has limitations. Our 
interviewee sample consists of inventive 
users only, and hence we rely on forum 
posts alone in analysing other activities and 
participants on the forum. Notwithstanding 
the limitations, the present study opens the 
door for comparing other on line forums 
and types of user communities related to 
renewables. 

User Inventions and Direct 
Support for Realising them 

Inventive user projects 
Finland does not have producer-centred 
ecosystems that would attract user 
contributors, yet we could still identify 113 
di$ erent user inventions or modi! cations 
to heat pumps. Most user projects took 
the relatively cheap Air heat pump (AHP) 
models as their starting points (n=77), 
and worked to make them more suited 
for a cold climate and existing housing 
stock, but 28 inventions were made also in 
Ground source heat pump (GSHP) and 8 
inventions were made in Exhaust air heat 
pumps (EAHP). We can cluster these further 
according to the extent to which the heat 
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pump equipment was modi! ed (Botero et 
al., 2010). At one end we ! nd 20 projects 
we call user designs, which altered several 
subsystems of a heat pump or constructed 
anew some of its subsystems entirely. 
Twenty-nine alterations were con! ned 
within one subsystem of a heat pump and 
these we call user modi! cations. Users also 
created 38 what we call add-on features, 
which enhanced the heat pumps by adding 
new parts to them without altering the initial 
product. " ere were also eight users that did 
not alter the make up of their equipment 
as such, but signi! cantly relocated and 
repurposed heat pumps or their subsystems 
in a manner that brought bene! ts but had 
not been conceived by the manufacturers. 
In addition to these, we found various 
user work-arounds, hacks and rebuildings 
of heat pumps from di# erent starting 
con! gurations. 

To give a better sense of these projects 
let us recount brie$ y some examples in the 
category of “user designs”. " e most common 
project type was constructing a new kind of 
heat pump, mostly using an outdoor unit 
of the Air-to-air heat pump to build up a 
water heating heat pump (Air-to-water heat 
pump, AWHP). Apart from the external unit, 
this entailed a thorough reworking of the 

technology. " ere were also new-to-the-
world designs, for example, a double source 
heat pump, which increased e%  ciency by 
using ground and air heat source at di# erent 
outside temperatures. In many cases users 
sought optimized solutions to meet the 
requirements of the Nordic climate:

Often various energy sources are combined 
to provide heating for a house. In one user 
design case AWHP was used for both space 
heating and for hot water. In addition, solar 
thermal collectors were installed to improve 
energy e"  ciency. # e user built a control logic 
to automatize the operation of the system. 
When solar power is not su"  cient to heat up 
the boiler, an AWHP is automatically turned 
on, and vise versa. Furthermore, in extreme 
winter conditions, when solar power is not 
available and the co-e"  cient of performance 
(COP) of AWHP becomes low, the control 
logic turns both renewable sources o$ , and 
electricity is used for heating.

Other innovations in this category related 
to monitoring, sharing data, new coolant 
gas mixes, new combinations of heat pumps 
and solar collectors, etc. For a discussion 
on details of the projects see Hyysalo et al. 
(2013).

Figure 1. Sketch of DIY air-water heat pump system (left) and photo of an ongoing DIY 
project (right). (Translated by the authors).  
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Immediate peer assistance for inventive 
user projects
Interviews revealed that all inventive 
users had some presence in these online 
environments. ! ese interviews and 
analysis of the discussion threads indicate 
that inventive users received various kinds of 
help from other users, most commonly from 
2-5 people. ! e most common responses 
to questions or " agged projects expressed 

Figure 2. ! e start of an exchange between members at lampopumput.info user forum in 
2012. (Translated by the authors).   

 

di# erent forms of community memory 
and expertize. ! is, for instance, indicated 
that an idea was worth pursuing or, more 
commonly, that something similar had been 
tried before or that the idea was unlikely to 
work or at least not likely to produce the 
kinds of results expected. Typical question-
answer sequences related to posting an idea 
of a modi$ cation project can be illustrated 
with the following exchange (Figure 2.):
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! e discussion then turns more technical, 
exploring the conditions and limiting issues 
that a" ect this kind of thawing solution. ! e 
discussion gives to the project initiator fair 
opinion on whether his suggested hack can 
be and has been done, as well as some of 
the likely issues he may be faced with. Our 
interviewees regarded these kinds of peer 
responses to be highly valuable: 

! e greatest bene# t there is that it has 

experts that really, let us say, know what 

they are talking about. And towards 

these speci# c areas they have [exper-

tise in], you could say, an experts and 

experimenters attitude. ! at is what is 

interesting and useful. On many things 

you get information that would be very 

hard to get from elsewhere. (User inven-

tor in AHP)    

Many user designs attracted further ideas, 
suggestions for solving problems, and 
direct iterations of design drawings posted 
on the forum. However, there was only one 
open design initiative, where users pooled 
resources and even this cold air AWHP 
project appears to end some time after its 
enthusiastic initiation. Instead, both design 
and di" usion proceeded sequentially and 
iteratively. 

! e users active in DIY threads formed a 
relatively small group of roughly 300 people 
that mostly held good technical competence 
in at least one or two technical areas related 
to heat pumps. Our interviews brought out, 
however, a considerable variation within this 
group in terms of orientation, background, 
and motivations. Most user inventions were 
about saving energy through improving the 
COP of the systems. ! is is understandable 
as COP drops dramatically in AHP when 
outside air get colder, typically turning to 
the negative somewhere between minus 10 
and minus 25°C: exactly at the point when 
the heating need and thus cost is at its peak 
in the Finnish climate. Whilst this provided 

an espoused rationale for the activity, our 
interviews and forum postings indicate 
that roughly half of the inventive users were 
strictly “hobbyist”, interested in tinkering 
with their machines. However, among the 
user inventors were also several researchers 
working within industry and academia, heat 
pump professionals such as those working 
as assemblers and resellers, as well as four 
users with an entrepreneurial orientation 
in furthering their business in e.g. home 
automation. 

Gaining control of ones technical 
equipment, the joy of tinkering, training in 
or for their profession, and the possibility to 
stretch the limits of the professional skills, 
were stressed as reason to engage with self-
building activities. Yet, two issues featured 
in next to all interviews: the importance 
of forums for learning and in o" ering “a 
community of the likeminded” which 
motivated and justi# ed one’s tinkering. 
! ese observations parallel those made 
by (Kuznetsov & Paulos, 2010) on other 
Internet communities.

Both the analysis of forum threads and 
interviews indicate that multiple modes 
of interaction made possible through the 
forums, were key in allowing users to turn 
their diversity into an asset rather than a 
hindrance. Forums allowed public as well 
as private postings and responses. ! e 
more advanced and more professionally 
oriented users used private messages as 
the predominant response medium when 
it came to more inventive DIY projects. 
! ese people stressed the importance of 
anonymity in both these posting forms, as 
well as the possibility to then shift to a one-
to-one discussion out of forum, to e-mail, or 
to the phone. ! eir occupational reputation 
and commitments would have precluded 
them from sharing and playing around with 
re-designing heat pumps in the open. ! is 
range of interaction modes also played a 
major part in referrals of services, materials 
and tools, which we discuss below – many 
DIY projects and help given stretched, 
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or even violated, permission to access, 
warranty, insurance and professional 

Sampsa Hyysalo, Jouni K. Juntunen and Stephanie Freeman

rules for conduct at some point in their 
development. 

Table 1. User inventions and immediate peer assistance with them. 

Forum posts: 
DIY

Common 
technological 
projects

Typical thread topics Example 
contributions o! ered 
by other users

What is provided to 
innovative users 

New user 
designs 

- AHP to AWHP

- Double source 
Ground source & AHP

- Two phase AWHP 

- Pre-heating 
incoming air 

- Two temp. water 
boiler

- Real time COP & 
other sensor displays 
/ www-feed

- Sun & AWHP

- New coolant gas 
mixes

-Posting an idea or 
a project aim for 
comments

-Flagging a project 
underway

-Reporting a project 
progress

-Posting problems 
with the project/
technology

-How to improve 
COP?

-How to retain COP in 
cold temperature?

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- Encouragement, 
discouragement, 
warnings

- Ideas, experiences 
and help

- Iterating design 
drawings

- Links to past 
projects, problems 
and outcomes.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- Learning 
environment

- Externalized 
memory

- Contacts with 
experts on particular 
issues

- Fun and problem 
solving

- Training in/for 
profession

- Gaining control of 
ones equipment

- Insight on cost 
and energy saving 
solutions

 

 

 

 

 

 

 

 

 

 

 

 

 

User modi" -
cations

- Altering thawing 
sequence

- Defrosting 

- AHP Outdoor Unit 
water removals 

- Tweaking 
thermostats to get low 
8°C indoors

User add-ons - AHP-OU water 
channeling

- AHP-OU boxes and 
sheds 

Repurposing 
and building 

- AWHP from pool 
heater

- Exhaust air heat 
pump from dryer

- Boiler from oil tank

- AWHP from cooling 
machine

Work-arounds - Christmas light to 
fool temperature 
sensor

- Defrosting sequence 
tweaks

- Spraying noise killer 
to AHP-internal unit 
(IU)
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Forum posts: 
DIY

Common 
technological 
projects

Typical thread topics Example 
contributions o! ered 
by other users

What is provided to 
innovative users 

Hacks - Ripping sensors out 
of AHP-IU to optimize 
feed 

- Disabling “anti-
draft” feature of AHP

 

 

 

 

 

 

 

 

 

 

 

 

 

 Re-locating 
HP

-AHP-OU to attic 
/ ceiling / lowered 
ceiling

- Heating garages

Open design 
project

- AWHP - What to include, 
what basic solutions 
to build from

In summary, the DIY threads of the forums 
featured not only trivial tinkering with 
machines, but a whole range of viable design 
ideas and realized designs for improving 
heat pumps. Peers in these sections of the 
forums provided active help and experience 
for most heat pump projects. " e way they 
provided this support is, by and large, in line 
with results on user innovation in products 
elsewhere (Franke & Shah, 2003; Jeppesen 
& Molin, 2003), apart from the importance 
of multiple modes of communication and 
anonymity, which have not been stressed 
by research on other user innovation 
communities.

Inadvertent Support for Inventive 
Users in Internet Forums

Supporting acquisitions, use and scaling 
of technology: Enhancing and diversifying 
the user base
As long as the innovation community 
equates to the relevant user community, 
a focus on user inventors’ information 
exchanges may be su#  cient (e.g. Jeppesen 
& Molin, 2003). But often this is not the case. 
Often, people are primarily participating 
in their communities of practice, and 
innovative activities are a secondary or 
parasitic concern for most participants 
(Heiskanen et al., 2010a). Despite its relative 

indi$ erence towards inventive projects, the 
larger community can be indispensable to 
the rise of inventive users. Indeed, in our 
data set there are a number of community 
aspects upon which the invention-oriented 
interchanges build. In the words of one of 
our informants: 

" e heat pump forum is a rather con-

servative site and [it is] not nearly as 

welcoming and inventive as people in 

the free-energy forum or pelletforum… 

[but] e.g. the free-energy forum doesn’t 

give much help for development work 

for there are too few folks in there. (A 

user inventor in AHP and wood pellets) 

As we can see, an important set of 
mechanisms by which user forums support 
inventive actions by users, is through the 
attraction of new people and new % xtures to 
becoming users of heat pump technology. 
" is broad recruitment appears pivotal to 
gaining critical mass in the competences 
available. To paraphrase Helgesson and 
Kjellberg (2009), the forum is a key in 
fostering the emergence and deepening of 
usership, the relation between people and 
the technologies they are engaged in. Let us 
% rst examine the emergence part.

" e bulk of the 200 000 posts in the heat 
pump forums deal with issues that have most 
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relevance to people who are considering 
whether to buy a heat pump, which model 
would be most suitable, and how to handle 
typical problems. ! e posts are well 
categorized so as to facilitate comparisons 
and " nding information; general discussion, 
brand-speci" c discussions, usage stories in 
addition to sections directly on acquisition, 
scaling and ordering of heat pumps. To 

give an idea of the magnitude of e# ort (and 
service) involved, let us brie$ y recount 
a calculation posted by one of the users 
(Figure 3) to aide others in the task of scaling 
and choosing a heat pump for a newly built 
house that lacks any energy use history from 
which to draw upon:

! ere are several issues in this posting 
worthy of our attention. It reports a task, 

Figure 3. Example of a forum user giving advice for others regarding scaling and selecting a 
heat pump and " nding a location for it. (Translated by the authors).   
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scaling and choosing a model, which new 
users must engage in. One could assume 
this to be an easy task or at least one easily 
available from vendors or suppliers, but 
the post points to the di!  culties involved: 
it took 5 months to do it properly and 
reliably for a seasoned person. Without it, 
any supplier or assembler advice would be 
hard to assess (their numbers potentially 
having self-serving biases). It also indicates 
that a one to three hour assessment by a 
supplier would be a rather rough estimate 
at best. " e uptake of the post, read 60200 
times, is a witness to the demand for this 
type of information and calculation model. 
Finally, and coming back to usership, the 
signature of the posting is typical and telling 
of the forum sociality. Instead of a name or 
some information about the person (e.g. his 
interest, education or skill level), there is a 
description of his house, its location and the 
heat pump equipment in use. His signature 
tells what he has done with heat pumps 
(consumption monitoring, AHP scaling 
and AHP pictures), in all, it articulates 
the ingredients that another user would 
need to qualify and compare with his/
her own. " e signature is not information 
about the “discussant” or “person”, but of 
a speci# c relationship (between person, 
equipment and their context) and speci# c 
relational sociality (between those engaged 
or engaging in similar relations), that is, 
of usership. Indeed, in the whole forum 
one # nds only isolated items that broaden 
the writer’s position beyond that of his 
technological relationships. 

In these relationships, the forum 
helps make available a range of actors 
we have elsewhere described as user side 
intermediaries (Stewart & Hyysalo, 2008). 
For instance, the pump-type speci# c 
discussion feature peers who are a little 
more knowledgeable with the technology 
and can be bothered with questions 
about technology that may appear silly 

– a noted core facet in the uptake of any 
more complex systems (Sørensen, 2002; 
Berker et al., 2006). Forums also feature 
local experts (Stewart, 2007), people who 
are more knowledgeable than most users 
and to whom more tricky problems can be 
addressed. Some of the local experts are 
just seasoned users, but professional heat 
pump assemblers, resellers, and dedicated 
hobbyists also volunteer their advice 
regularly on the forum, once an issue in a 
thread becomes $ agged as interesting and 
requiring more serious thought. 

A key aspect of these intermediary 
actions is pointing to non-human mediators 
by providing pointers to previous threads 
on the same topic, links to manuals, 
instruction videos on YouTube, web 
pages elsewhere, and to COP and other 
calculators. Whilst most users are quite 
able to follow instructions, the step towards 
de# ning the problem or question is the part 
where more knowledgeable peers become 
indispensable. As one of the user inventors 
re$ ects:

After all, the forums provide a lot of tips, 

already before I acquired [a heat pump] 

[I] looked and read much about what 

brands would be worth ordering. (User 

inventor in AHP)

" e scaling of systems with other 
renewables and non-standard installations 
are particularly relevant for the inventive 
user base. Here the help given not only 
facilitates the rise of a broader user base, 
but also the emergence of more diversi# ed 
installations, and on occasions also more 
diversi# ed background competences of 
people who, for example, wish to install heat 
pumps together with wood, pellet, solar, or 
wind solutions that they are already strongly 
committed to, or even in which they are 
professionally expert. " ese projects create 
users that must grow quite knowledgeable 
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about their systems in order to make them 
work. Some of our interviewees reported 
how their competence evolved through 
grappling with uncatered needs (e.g. 
keeping a garage at 8°C cheaply despite 

heat pumps supporting only 15°C or above) 
or complex systems (e.g. combinations of 
heat pumps, wood burning stoves and solar 
collectors).   

Table 2. How heat pump forum supports heat pump acquisition and use.

Forum posts: 
Community 
support

Typical thread 
topics

Example solutions 
o! ered by other 
users

Function for users Why it facilitates 
user innovation

General 
Heat Pump 
information; 
principles, 
costs, issues to 
consider

- Basic information 
about heat pumps
- “Read this ! rst”

- Links to research 
papers
- Links to 
international forums
- Links to 
educational and 
training web pages 
on HPs

- Basics about 
bene! ts, suitability 
and shortcomings 
of HPs

- Helps expand 
community and its 
potential diversity

Acquisitions - Which type of heat 
pump to select

- ROI calculators, 
both self-developed 
and links to other 
sites

- Lessens 
uncertainty

Discussion / 
Supporting 

- How to sensibly 
combine HPs with 
solar or wood stoves

- Checking and 
updating members 
calculations
 - Experiences on 
how much work 
goes in di" erent 
alternatives

- Experience and 
advice on often 
complex choices

Discussion on 
the scaling of the 
system

- Given house 
details: what to do, 
what is needed?
- Could a smaller 
installation or 
combination do?
- Could old heating 
system parts be 
used?
- Exposing 
one’s plans and 
calculations for 
scrutiny

- Suggestions for 
alternatives 
- Experiences with 
analogous homes

- Verifying 
calculations
- Sharing experience
- Support for 
more complex 
combinations
- “# ings to 
remember”

Discussions on 
installation and 
usage

- Installation costs / 
problems / issues
- Sharing 
experiences of usage

- Installation 
problem 
descriptions and 
solving them
- Long follow-ups of 
an installation

- Support 
installations
- Getting to the 
reality of HP heating; 
pro-con

Discussion on 
speci" c models

- Problems /
solutions / 
experiences with 
speci! c HP model

- Examples of 
similar problems/
behaviours of HP
- Suggestions for 
overcoming them

-“Community 
knowledge” on 
manufacturers and 
models
- Counterbalance to 
supplier information

- Peer support also 
for cheaper and 
rarer installations: 
helps the growth of 
diversity.
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In summary, the most common activities 
in user-run Internet sustainable energy 
forums are not primarily or directly related 
to inventive activities per se. However, 
acquisitions, scaling, help with problems 
and help with dealing with suppliers, are 
topics that draw in thousands of people. 
! is is a critical mass of people, with 
the potential to answer also DIY-related 
questions, and is vital for DIY interchanges, 
not least because it allows timely and 
competent feedback. We shall next argue 
that it lays the ground for orientations and 
actions that are more directly conducive to 
the e" ective functioning of a DIY section. 

Deepening engagement: Organizing and 
sharing comparative data 
Several of our interviewees stressed that 
the forum led them into having a deeper 
engagement with both the knowledge base, 
as well as with what can be done with the 
technology. Let us illustrate this with forum 
members’ comments at di" erent stages of 
their participation; moving from meeting 
problems in use, towards DIY projects, and 
# nally to top lead user. 

! anks for clear information. In this 

area [ground circuit] it feels that when 

one grasps one thing, you just end up 

with further questions. (User, GHP 

forum)

Without this forum I would have faced 

huge problems with this unit. I doubt 

that I would have proceeded building 

this further. It [forum] has been of great 

help. (An inventing user with AWHP)

I have rather given more to the forum 

than taken from it, that’s the direction”…

”I have tried to instruct guys who do this 

(DIY project), especially in dimension-

ing so that they get it working and one 

does not go too far astray. (! is user is 

a semi-professional, and currently creat-

ing designs for a small local heat pump 

manufacturer-reseller) 

From the perspective of user inventions, 
important steps lie between just 
implementing a heat pump installation 
and seeing it as natural state of a" airs to 
tinker with these machines. A common 

 
Figure 4. User share heat pump monitoring data graphs via forum and own Internet sites.
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step between these two modes is gathering, 
organizing and sharing of comparative data. 
In the forums hundreds of people post or 
feed automatically their measurements to 
the forum for comparison and comments 
or answer polls set by others. Most users 
are out to verify how their installation 
compares to others and to factory claims. 
Some have more general interests in 
establishing how di! erent HPs factually 
behave in temperatures that di! er from 
the European standard of +7°C. " e results 

tend to show occasions and/or areas where 
ones installation could be improved and 
the forums feature active discussions about 
theoretical matters in HP functioning as 
well as discussions on trials of changing 
values and working around sensors. 
" ese comparisons also typically involve 
hacked and redesigned devices, as many 
hacked systems feature extra sensors 
and measurement points and are run by 
enthusiasts – indeed many lead users report 
having gotten a cheap “toy air heat pump.”
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Table 3. Sharing comparative data.

Forum post: 
Comparison data

Typical thread 
topics

Example solutions 
o! ered by other 
users

Function for users Why facilitates 
user innovation

Real life 
comparisons of 
di! erent HPs

- Polls to record 
COP and other 
values in various set 
temperatures

- Posting all 
one’s (daily) 
measurements

 - Measuring and 
entering in their 
data

-Links to 
measurements 
elsewhere

-Comparing real life 
and factory values 
and di! erent test 
temperatures

- Choosing HP 
models for use & 
modi" cation

- Points out places 
for improvement 

- Reference values 
for the success of 
modi" cations

Real life data of 
modi" ed systems

- Posting all one’s 
measurements as 
values, graphs in 
packets or real time 

- Comments and 
approvals 

- Explanations why 
e.g. COP drops at 
certain temperature

- Ideas for further 
improvement

  - Establishing the 
usefulness of a hack

- Identifying 
further points of 
improvement

Sharing extra 
measurements

-Values from extra 
sensors added in 
HPs (gas temp., 
$ ow speed etc.) 

- Real time 
measuremet unit 
data available

- Comments and 
encouragement

- Explanations of 
found data

- Iterations for how 
to e.g. improve COP

- More thorough 
understanding of 
how a given HP 
factually works

- Detailed reference 
data: A view to how 
A given HP model 
works

HP adjustment 
and optimization

- % eoretical 
discussions

- Trials of changing 
values and working 
around sensors

-Optimizing 
(theory& practice): 
Coolant gas 
temperature and 
pressure, de-
frosting periods and 
running times

- Improving the 
COP of their HP

- % eoretical and 
practical optimal 
values

- Reference values 
for the success of 
modi" cations



41

To summarize this section, sharing of 
comparative data appears to be one of the 
stepping stones to more active engagement 
with one’s energy technology. Sharing 
and discussing comparisons draw people 
towards a deeper understanding of and 
even hacking their equipment. For users 
who are already inventing or hacking their 
equipment, monitoring results provide cues 
for theoretical optimal values and points of 
reference on how these have been achieved, 
as well as which models are most suited for 
uses and hacks that inventive users have in 
mind.  

Getting the means needed: Exchanging 
parts, tools and services
! e reason for most forms of exchanging 
parts, tools and services has little to do with 
invention, but is conducive to it nonetheless. 
! e o"  cial sales and re-sales marketplace 
features both working and slightly or wholly 
malfunctioning machines. It is the latter that 
o# er DIY people access to cheap materials 
and projects. DIY section exchanges 
occasionally bypass the marketplace as 
parts and services are o# ered and queried 

alongside advice. Furthermore, joint orders 
for parts needed in speci$ c modi$ cation 
as well as informal small-scale sales of 
modi$ ed components also take place. From 
our user interviews we know that further 
answers and o# ers are handled by private 
messaging, but we also found a case where 
a system was $ rst iterated over several 
experienced users, and upon $ nal iteration 
a custom welding was suggested along with 
a reassurance that “a real coolant man can 
do the job for you” indicating that (and 
where) the needed skills and attitude could 
be found. 

! ere were also common step-by-step 
(including pictorial) instruction on how 
to order, install and use speci$ c tools that 
are useful for DIY work, such as Mango 
and a PolluCom-energy meter that spread 
the required hacking skills within the user 
group. Finally, many DIY projects were 
documented meticulously picture by 
picture, and there were also attempts to 
create lists of useful DIY parts, both actions 
that are conducive to repeating redesigns 
by other users (which they did particularly 
with regard to AWHP designs). 

Figure 5. ! e forum has a market section that provides a wide range of used parts necessary 
for modi$ cations and new designs.  
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Table 4. Forms of parts and service exchange at the forum.

Forum posts: 
Exchange and 
service

Typical thread 
topics

Example solutions 
o! ered by other 
users

Function for users Why facilitates 
user innovation

Used HP units - Sell/Buy - Sell/buy - Second hand 
market

- Second hand gear 
for modi! cation

Parts of HP and 
other cooler 
systems

- Indications at DIY 
section that spare 
parts are available

- Queries for 
speci! c parts

- Pointers to where 
to get X

- O" ers of X

- Access to parts

- Getting rid of extra 
parts

- Cheap parts

- Cheaper and 
easier parts 
availability, help 
with choosing right 
parts

Ordering special 
parts for DIY

-  Ordering DIY 
parts from Chinese 
manufacturers / 
German ebay

- Having a stock of 
DIY parts

- Joint orders 

- Delivering 
modi! ed parts

- Cut shipping costs

- Purchase channels 
and skill

- Micro market

- Parts availability

-Motivates DIY 
solution sharing

Info on assembly 
and assemblers 
(for DIY)

- Asking for help in 
doing some part of 
a DIY project

- Asking who could 
build a custom 
system

-“Why don’t you do 
it like this drawing 
…a real coolant 
man can and will 
do that hack for 
you”

 

- Expert help 
available when 
needed

 

- Sympathetic 
expert help 
available

 

Instructions on 
how to install DIY 
tools

- “Installing 
Mango…”

- “Using Pollucom 
energy meter”

- Step by step 
clari! cations

- Troubleshooting 
and advice

- Getting tools to 
function

- Spreads 
same tools and 
measurements 
and competence to 
modify and invent

 

Instruction for DIY 
design and parts 
lists

 - Pictorial follow-
ups of HP projects

- Detailed pictures 
and explanations

- Linking to 
previous designs

- Attempts to make 
part list

- Helps to build 
own DIY systems

- Making HP 
cheaper

- Increases DIY 
user base, builds 
competence at 
DIY, mini-market 
for DIY parts and 
assembly
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To summarize, the parts and service 
exchanges provide help and ease with 
acquiring needed materials and facilitated 
learning in making particular modi! cations. 
Using some of the same parts and DIY tools 
also spread competence and collaboration 
to further modify and invent, in e" ect 
increasing the user base and the (mini)
market for DIY parts and assemblies. We 
argue that this spread of competences is 
critical for heat pumps that have a mix of 
digital, electric, cold gas and plumbing 
parts. In the following section we turn 
to connecting the modes of support that 
forums provide by examining this in terms 
of the learning they facilitated. 

User Forums Facilitating Learning 
among Diverse People

To recapitulate, most participants in user-
run forums have no explicit intention to 
invent or facilitate anybody’s inventive 
behaviour, yet they provide indirect 
support inadvertently by doing what they 
do. Substantial amounts of discussions, 
instructions, manuals, photographs, videos, 
links, calculators et cetera stored in the 
forum turn it into a shared tool-box and 
memory repository (Torrey et al., 2007, 
2009). Further, it gives access to peers who 
contribute their insight into de! ning and 
solving posted problems, comparisons, 
voicing shortcomings and taking part in 
exchange of services and parts. As Watson 
& Shove (2008) stress, these resources are 
crucial ingredients to the emergent nature 
of competence in the process of doing that 
is accentuated in DIY activities. 

Heat pump users are part of an ecosystem 
of producers, resellers, importers, regulators, 
bodies giving professional training etc., as 
well as peer-to-peer networks such as those 
found in user forums. # is does not, however, 
make it into an innovation ecosystem per se 
(Eriksson, 2013). Many, if not most, people 

engaged in peer-to-peer networks due to 
a lack of needed information elsewhere in 
the ecosystem. # e forums provided initial 
help and ideals for one’s own actions, and 
crucially, an environment where one could 
try, fail and improve with some support 
and without dire consequences, such as 
being expelled from the community. # is 
facilitated moving from an apprenticeship 
position towards increasing mastery. In the 
words of an interviewee: 

Well, when you ! rst buy a device from 

the store you sort of expect that now 

you have it. It is not exactly a natural 

response to open it up and start mess-

ing with its internals, losing warranty 

and spending a fair deal of time. But 

then you encounter problems and oddi-

ties, go to forums and see that others are 

not so shy about examination of these 

devices and report ! xes and improved 

energy yields. It becomes more natu-

ral to see the product as not so perfect, 

learn about the topics more. After a 

while you ! nd that you have imple-

mented a few simple hacks with noth-

ing to it. # at would have been simply 

unfathomable upon ! rst encountering 

these devices. (User having GHP, AHP 

and wind power). 

Similar deepening community membership 
was also expressed by other informants:

# e joy of writing in a forum is that you 

can ! rst be pupil and then you can be a 

teacher (user inventor in AHP).

Such learning trajectories dominate our 
interviews and ! t the ideas of learning 
as legitimate peripheral participation 
(Lave & Wenger, 1991). While this may 
be a more common facet of Internet 
forum participation, its prevalence with 
heat pumps clearly owes much to this 
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technology combining several distinct 
specialist domains: coolant systems, 
electronics, software, and in many cases 
also plumbing. All of the interviewed user 
inventors had started with modi! cations for 
which they had background competence: 
coders built software, electronics engineers 
hacked sensors, and so on. None had, from 
the outset, competence to bridge to a more 
overarching (re)design, but this emerged 
gradually in the course of their engagement, 
often in the course of months or even years. 

By and large it was about a year that 

I read [those posts] and then when I 

started to understand a bit then, then 

a bit more intensive readings, you see, 

thermodynamics presents a bit of a 

tricky equation (user with modi! cations 

to GHP).  

" e aspects of the systems that inventive 
users have come to master and to move 
beyond their initial competences, include 
terms and notations (e.g. assembly diagrams 
di# erent for all technical subsystems), 
background theories (e.g. coolant gas 
thermodynamics), skills (e.g. attaching 
sensors), means (e.g. programming 
languages), regulations (e.g. what licenses 
are needed to work with each part of the 
technology). " is knowledge determined 
what one could do with the technology 
as well as governed which sections of the 
forum one is welcomed to participate in and 
contribute competently to.1 " e competence 
emergence in the process of DIY activities 
stressed by Shove and Watson (2007), can 
thus be a substantial achievement in some 
domains, both in terms of it being achieved 
and the substantial challenge there is in 
“growing” into an inventive user, as we 
indicate in section 5.2.

It is noteworthy that the heat pump 
forums we analysed were conducive to 
legitimate peripheral participation to 

far greater an extent than open source 
development projects, which we have 
analysed previously (Freeman, 2007). " e 
open source project “OpenO$  ce.org”, which 
one of us has followed ethnographically 
for seven years, features the frequent turn 
down of volunteers who do not have the 
required programming skills from the 
outset; i.e. the project remains open only 
insofar as one is already competent or 
close to being competent at the activities in 
which the community is involved. " e heat 
pump forum’s DIY section features some 
of the same characteristics: excessively 
incompetent people or overly naïve 
questions do not receive responses or 
merely get a referral to a thread elsewhere 
in the forum. In contrast, however, in the 
heat pump forum this does not mean a great 
barrier to entry or learning, as the forum 
supports myriad other ways to participate 
other than self-designing. User forums are 
also more open ended as to what is being 
done as part of community membership. 
Most OSS participants are involved in 
testing and in making small additions to 
software, whereas user forums are inclusive 
of also using, sharing, comparing, planning, 
theorizing, and visioning acts. Furthermore, 
as noted above, the heat pump forum is 
comprised of multiple distinct competence 
areas as well as a range of legitimate roles 
and orientations. Both are prone to lessen 
the di# erences between “in group” and “out 
group” members. What we hence argue is 
that while user forums are less organized 
and less coordinated than OSS projects in 
their design activities, the former also hold 
important strengths in fostering the growth 
of lead user characteristics.  

" ese user-run renewables forums, 
hence, di# er markedly from a clear 
innovation project or even an innovation 
community. " ey also di# er somewhat 
from a clear community of practice, as the 
forum participants have a wider range of 
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orientations, expertise and practices that 
connect them to the forum. ! e diversity 
may be less than in what is typically thought 
to reside in a boundary infrastructure that 
is partially shared by several intersecting 
social worlds (Bowker & Star, 1999), yet these 
forums do feature some such diversity. ! ese 
di" erences may # nd their corollary in the 
outcomes of inventive activities. Instead of 
joint e" orts to build and commercialize new 
systems, the inventive users have produced 
a whole array of individual improvements 
to di" erent heat pump models as well as a 
range of micro-innovations (Hyysalo, 2009) 
to make these technologies perform better 
in their everyday settings.

! e learning and inventiveness found 
in these forums appear to have ties to 
them being entirely user-run. ! ose of 
our interviewees who had been following 
forums in other countries, stressed that 
English-speaking forums had, in their 
assessment, curbed user modi# cations 
and critical evaluation due to being 
moderated by suppliers. Our informants 
equally stressed the importance of some 
of the administering solutions taken in 
lampopumput.info as being conducive to 
its success. ! ese include light but active 
moderation, strong segmentation of the 
forum into manufacturer-speci# c parts, a 
DIY section and debate section “hot ring” 
where moderators move controversial 
and contested content and hence have to 
dismiss only contents that are truly libellous 
or out of scope of the forum. ! is was seen 
as favourable to the outcome that multiple 
speci# c orientations can exist but do not 
burden or take over other orientations in 
the forum. 

With these facets, peer-to-peer forums 
hold a special place with regard to the 
maintenance, proliferation and further 
development of these technologies. What 
becomes elaborated in the forums is not 
only technologies but also how they are 

being developed; what can be modi# ed, 
how producers respond, how regulation 
responds, how other users embrace 
novelties and so on. ! ese are keys to 
having these systems work and proliferate, 
particularly when it comes to more complex 
installations that tend to lead to inventive 
solutions from their users. 

Conclusions

Heat pumps are not the easiest or most likely 
technology for user invention in renewables, 
yet the 113 user inventions indicate that 
users can overcome these hindrances 
with su$  cient peer-to-peer support that is 
available through user-run Internet forums. 
! ese forums play a major role in obtaining 
help for user projects, the transfer and 
learning of thematic knowledge, identifying 
and verifying points of improvement, 
accessing relevant services, parts and 
tools, boosting motivation, as well as in the 
spreading of user inventions among peers. 

At the same time, we underscore that 
these forums’ main activities and the main 
thrust as a novel type of support environment 
for renewable energy technology, do not 
reside in these inventions. DIY projects 
and exchanges between inventive users 
are a minority phenomenon within 
the forum activities. ! e majority of 
forum activities are centred on scaling, 
purchasing, maintenance, troubleshooting 
and comparing of di" erent technology 
models. ! ey further feature the displaying 
of monitoring data, parts exchanges, 
debates and voicing concerns about issues 
related to these renewables. ! ey act as an 
informal information infrastructure that, 
on the whole, acts as central in user side 
intermediation, o" ering alternative sources 
of knowledge and # lling information gaps 
that suppliers, resellers and authorities fail 
to address.
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Against this backdrop, we argue that the 
rise of user inventions within the forums 
owes much to a dynamic that can be 
captured by a set of concepts we advanced 
in the course of this article. Inventive users 
are not “born” but “grow” to have the 
capacities and special needs/wants that 
drive them towards invention. In this regard, 
the user-run Internet forums are conducive 
to the deepening of usership, and allow 
some of the other users to act as user side 
intermediaries to aide this. ! e learning 
at stake can be approximated as resulting 
from legitimate peripheral participation. 
However, instead of a uni" ed community 
of practice with a clear centre, these forums 
span di# erent domains of competence, 
featuring characteristics of a boundary 
infrastructure and also facilitating their 
participants’ learning from apprenticeship 
to mastery across domains of competence. 

An implication of this argument is that 
the study of user innovation would bene" t 
from more careful treatment of the nature 
of communities and the participations in 
question. Equating user communities with 
innovation communities – or drawing a 
demarcation line between inventive and 
non-inventive users – masks important 
di# erences and areas worth researching. 

For instance, whilst both company-run 
and user-run online forums provide an 
environment where user modi" cations are 
adopted, di# used and iterated further, and 
where their makers found extra motivation 
to pursue their activities, the latter unite 
a range of products and technologies that 
form a technological whole from the users’ 
perspective (e.g. a set of di# erent renewables 
con" gured into heating of a house), whereas 
a given manufacturer is often limited to one 
part of the product ecology in question. 
Just as importantly, the greater diversity 
and lack of central authority/bene" ciary in 
these user-run forums appears to lead not to 
a concentrated joint development projects 
but to a range of individual improvements to 

many models. Hence, how they contribute 
to technology development is di# erent.

As to the make up of the forums we 
examined, they feature several facets 
relevant to those trying to set up and facilitate 
technology-related Internet forums: 
Segmentation of the forum into separate 
sections to facilitate co-existence of di# erent 
user orientations, including a separate 
section for provocative and speculative 
exchanges; active but tolerant moderation, 
which primarily refers discussions to 
appropriate areas, and; allowing private 
messaging and anonymous presence, 
which allows di# erent professionals to 
engage in projects and speculations without 
reputation loss. 

Finally, in terms of policy implications, 
technology-speci" c online forums feature 
several behaviours that Nye et al. (2010) 
hypothesize as leading to behavioural 
change among energy consumers (albeit 
without giving these any empirical backing). 
Inventive and actively monitoring users 
set an example to others by deepening 
engagement with energy technology, 
arguably leading to higher consciousness of 
how much energy is consumed and how it 
has been produced. Easy modi" cations and 
add-ons appear to give greater ownership 
and visibility of energy issues that tend 
to become “infrastructural” and out of 
consideration. Most inventive users also 
provide top end technical assistance to other 
users that facilitate market creation of these 
technologies. Hence, whilst their designs 
can be useful improvements, it may be the 
competences they create that really matter 
in terms of energy and climate policy. With 
regard to facilitating forums themselves, 
some forums may bene" t from nominal 
support to cover running costs. Companies 
could also volunteer to further develop best 
DIY ideas with a compensation scheme 
in place. Best arrangements in policy, co-
design and company involvement are, 
however, likely to vary with respect to the 
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type of forum, technology, and user base in 
question.
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Notes

1 It is worth noting that even if users would 
have liked to acquire a formal education, 
there is hardly any single schooling 
that would prepare anyone to have the 
encompassing expertise in all the system 
areas involved here. ! e professionals, 
too, have learned many of their skills out 
in the " eld.
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APPENDIX 

Heat pump types and their proliferation in 
Finland 
A heat pump is a device that diverts heat 
from one location (the ‘source’) at a lower 
temperature to another location (‘heat sink’) 
at a higher temperature using mechanical 
work. " e principle, illustrated in the below 
Diagram 1 is that a working # uid, in its 
gaseous state, is pressurized and circulated 
through the system by a compressor (4). On 
the discharge side (left) of the compressor, 
the hot and highly pressurized vapor 
is cooled in a heat exchanger, called a 
condenser (1), until it condenses into a high 
pressure, moderate temperature liquid. 
" e condensed refrigerant then passes 
through a pressure-lowering device (2). 
" e low pressure, liquid refrigerant leaving 
the expansion device enters another heat 
exchanger, the evaporator (3), in which the 
# uid absorbs heat and boils. " e refrigerant 

then returns to the compressor and the 
cycle is repeated.1 

In cold climate countries di$ erent types 
of heat pumps have a growing but varied 
market. Geothermal heat pumps (hereafter 
GHP) have been in use for over three 
decades and feature models that have been 
designed for cold climate. " eir uptake, 
however, has been rather uneven to the 
extent that Swedish legislative action has 
spurred over 500 000 installations (Muller 
et al., 2009), whereas Finland features over 
70 000 units. " e upfront investment cost is 
15000-30000 %.

Air heat pumps (AHP) are built for global 
mass market, principally in China and 
Japan, and globally their most used function 
is cooling, not heating. " ose designed for 
heating are targeted at more moderate 
climates than the typical Finnish annual 
range between 30°C and -30°C with mean 
temperature between 3-6°C. Yet the price 
of 300-2000% has attracted consumers and 
currently 430 000 AHPs have been installed 
in Finland 

Air-to-water heat pump (henceforth 
AWHP) can accommodate a wider 
temperature range than AHP. Oil burner 
and water radiators heating structures 
found in the majority of Finnish detached 
housing stock encourages ! tting an AWHP 
as it can be assembled alongside or in place 
of oil heating. AWHP prices range from 
7 000-12 000 % and there are around 12 000 
units in Finland. Finally, exhaust air heat 
pumps and some other heat pump types 
also feature in our data, but only as fringe 
items. 

Internet forums of heat pumps
" ere are two energy-related Internet 
forums in Finland specializing in heat pump 
products. " e larger one, a generic heat 
pump forum, www.lampopumput.info. 
features over 210 000 posts and over 16 000 

1  http://en.wikipedia.org/wiki/Heat_pump
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Diagram 1. Heat pump working principle 2.

 

discussion threads by over 4300 discussants 
in its 7 years of existence. ! e main forum 
dedicated to ground source heat pumps, 
www.maalampofoorumi." , features over 
49 000 posts and over 4300 discussion 
threads by over 3800 discussants in 8 years 
of existence. 

! e forums are maintained on a volunteer 
basis. Typically, forum administrators are 
active users of the forums. Administrator 
users moderate the discussion and are 
responsible for technical development 
and maintenance of the site. ! e forums 
are used mainly for discussing and " nding 
information about purchase and usage 
experiences of heat pump products and 
producers. ! e discussion is vivid and 
mostly well-mannered and the moderation 
principle is inclusive when the discussion 
topic remains in the area of energy and 
related technology. In comparison to the 
forums maintained by commercial vendors, 
critical writings are allowed and not 
removed. User inventions are developed 
further through the help of forums 
organically, without top down management, 
which leads to the development of a diverse 
set of ideas. In manufacturer forums user 
contributions are directed to help in more 

focused areas, whereas user-run forums 
allow multiple orientations.

Both of the studied heat pump forums are 
structured in a very similar manner, under 
main categories. ! ey consist of a general 
discussion, heat pump technical discussions 
divided in subsections in various ways (e.g. 
brand names), and sections for purchasing 
equipment (commercial vendors and users’ 
second hand market). 

! e forum users are dispersed around 
Finland and mostly live in detached family 
house or in row house. Almost all users 
use pseudonyms. ! e interviews of lead 
users revealed some further demographic 
characteristics of the forum users: 76% 
of interviewees had technical education 
and a majority were middle-aged men. 
99% of ilmalampopumput.info and 96% 
of maalampofoorumi."  registered users 
are male. In this regard, we use “his” not 
because of our sexism but because next to all 
users are male in these heating technology 
forums. Corresponding extreme gender 
bias is visible in e.g. knitting forums. ! e 
reasons and implications for, for example, 
forum sociality is a worthy topic of enquiry 
but not one we pursue in this article. 

Sampsa Hyysalo, Jouni K. Juntunen and Stephanie Freeman
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