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Abstract 

A direction which sustainable development in energy systems could take is towards 

electricity ‘co-provision.’ Here, centralised fossil-powered generation is partly replaced 

by decentralised, renewable micro generation infrastructure supplementing a leaner, 

more dynamic national grid fuelled by diverse range of sustainable power sources. 

Pursuing this path would require a major overhaul in existing technical systems of 

energy provision. The common theme which runs through much of the diverse literature 

on technology change emphasises the sociotechnical nature of change processes, which 

is to say that it treats technology and technical systems as the material embodiment of 

social choices. This means that the process of developing energy infrastructure into a 

sustainable system of electricity co-provision cannot simply be ‘enabled’ by technology, 

conceived of as an exogenous variable ‘impacting’ society. It is, in fact, a process of 

endogenous societal change: a sociotechnical transition. This thesis examines the 

dynamics of this transition with regards to electricity co-provision. In doing so, it 

presents and seeks to problematize simplistic discourses on technology change, and to 

draw back from the narrow conception of technical innovation found in these 

discourses. It analyses existing systems of energy provision alongside individual energy 

project case studies, which represent novel sociotechnical configurations of artefacts, 

institutions, and actors in electricity co-provision experiments. It applies sociotechnical 

transitions theory and its multi-level perspective in order to link the micro and the 

macro levels within this analysis. The thesis attempts to highlight both the promise in 

the emerging configuration of co-provision technologies and actors, but also the doubt 

that hangs over any vision of a sustainable sociotechnical transition. To do this it draws 

attention to the multiple paths along which sociotechnical change could unfold, but 

which are ‘closed off’ by a number of predominantly political factors. It is shown that, 

ultimately, the future shape of technical systems is not simply a question of technology 

but of social choice. Trying to better understand who is able to influence these choices, 

and who is locked out of the process, is an important area of enquiry in environment and 

development studies. This thesis aims to contribute to this area of enquiry, specifically 

as it relates to the sustainable provision of electricity.           

Key words: electricity co-provision, sociotechnical transition, sociotechnical 

configurations, innovation trajectories/ pathways, sustainable development              
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1 Introduction  

1.1.1 Effecting a sustainable energy transformation: a question 

with a technological answer? 

One day soon there will be no need for fossil fuelled power stations, for nationwide 

electricity grids, for conventional energy companies. ‘Smart’ technology will allow 

consumers of energy to produce their own electricity and heat with renewable micro 

generation and energy storage managed at a small, localised level. All that remains to be 

done is to establish the correct market conditions for investor confidence to reach 

critical mass, becoming the engine of innovation that will drive the transformation 

towards sustainability. Obsolete hydrocarbon conglomerates will be superseded by the 

more dynamic and forward-looking telecommunications, or ‘telco,’ industry, with its 

proven track record in delivering rapid, transformative change with ‘game changing’ 

technology. People will no longer be connected to communications networks merely by 

their personal computers and mobile handsets: all energy-using appliances, automobiles, 

and buildings will possess the property of ‘connectivity,’ autonomously sending and 

receiving data as a means to optimise performance on behalf of their human masters’ 

welfare. Following this technology-enabled revolution, services such as energy will be 

just another ‘app’ in the ‘Internet of Things.’      

The above is now a familiar utopian narrative. It was repeated, once again, in a series of 

claims made at a recent ‘breakfast dialogue’ on sustainable transformation held in 

Oslo.
1
 The fact that the claims were made, in this instance, by a spokesperson for a large 

telco may make the particulars less convincing; the academics with whom this 

spokesperson was in dialogue at breakfast time appeared sceptical, to say the least. This 

fact makes the vision no less compelling, however: aside from the real and imminent 

danger posed to societies by anthropogenic climate change, associated with emissions 

from fossil fuel combustion (IPCC 2014), the centralised model of commoditised 

energy provision prevalent in almost every country is currently failing to grant access to 

electricity for 18% of the world’s population (IEA 2015). Even within countries such as 

the United Kingdom, with ostensibly universal access to energy, high cost to income 

                                                 
1
 Paraphrased here from a recording available to watch here (see in particular 00:39:00 and 01:08:00 

onwards): https://www.youtube.com/watch?v=0HPFaK7Kubg&feature=youtu.be last accessed 25.04.16 
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ratios exclude millions from affordable access to sufficient heat and electricity in 

homes, compounding existing public health and social problems related to inequality in 

these countries (Liddel and Morris 2010). Transforming systems of energy provision 

along the lines supplied by the ‘technology-enabled revolution’ narrative would not 

only mitigate climate change and environmental degradation, it could improve the 

material and social circumstances of billions of people globally. What then, is missing 

from this narrative? Why has it not yet reassured the environment and development 

research community that the question of how to deliver sustainable energy for all is well 

on its way to a technological answer?    

It is true that the narrative—when presented by the telco industry in the terms used 

here—lacks the level of objectivity and critical self-reflection that might lend it more 

credence in sustainable development research discourse. It does not, however, present a 

technological vision that is far beyond the realms of what is widely acknowledged to be 

already technically possible. A combination of small scale renewable generation 

technologies, distributed electricity storage, and information technology (IT) make it 

possible to form electricity generation-transmission networks on a scale of a single 

household, neighbourhood community, or municipal area (Lasseter et al 2002; Markvart 

2006; Zamora and Srivastava 2010). In the context of international sustainable 

development, the use of these so-called microgrids, particularly in rural areas, has 

already been shown to be a promising advance in improving access to clean energy, 

poverty reduction, and also gender equality (Ulsrud et al 2014; Ulsrud et al 2011; 

Standal 2015). In countries such as the UK, ‘community energy’ projects that use this 

technology can already be observed lowering consumption through efficiency savings 

and changes in user practice, increasing renewable generation, and improving welfare 

by increasing the level of participatory democracy in energy provision (Hielscher et al 

2011; Kunz and Becker 2014).       

What is most unconvincing about this ‘technology-enabled revolution’ narrative, then—

aside from the hint of commercial sponsorship by the telco industry—is not the 

technological vision it presents of the future, the ends of a transformation in systems of 

energy provision: it is, rather, its account of the means by which this transformation will 

be effected. The implicit assumption of the ‘technology-enabled revolution’ narrative is 

that the existence, ‘out there,’ of the required technology is sufficient to, with investor 
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backing, ‘impact upon’ society in such a way as to deliver the vision that the narrative 

describes. The market conditions created by governments through subsidies, regulation, 

and so on will affect the speed and economic efficiency with which this impact takes 

effect, but the direction and inevitability of change were basically assured by the 

invention of ‘smart’ technologies.
2
 What this account of society-transforming 

technological change fails entirely to incorporate is an understanding of the inherently 

social nature of technology and technical systems.  

The academic literature on technology change offers varied accounts on diverse aspects 

of this topic, but there is a common theme that runs through much of it, which 

emphasises the sociotechnical nature of change processes. Culture, politics, and 

economics all inform decisions that lead to the design, development and diffusion of 

new technologies, the organisation of artefacts, institutions and infrastructure, and the 

way in which society perceives of, links and uses these components of utility service-

providing systems. In short, technology and technical systems are the material 

embodiment of these social choices. These choices, in turn, are configured by the socio-

material environment created by the design of existing artefacts, the services technology 

and technical systems already provide, and the specific manner in which these services 

are produced and distributed (Hughes 1983; Nye 1990; Rip and Kemp 1998; Shove et al 

1998; Coutard 1999; Veerbeck 2006). The assumption about the nature of technology 

change which is implicit to the ‘technology-enabled revolution’ narrative is, then, 

characteristic of a common flaw in approaches to this subject. In the words of science 

and technology scholar, Bruno Latour:  

“We know how to describe human relations, we know how to describe 

mechanisms, we often try to alternate between context and content to talk 

about the influence of technology on society or vice versa, but we are not 

yet expert at weaving together the two resources into an integrated whole” 

(Latour 1991, 111). 

This thesis, then, examines further the sustainability transformation in energy provision 

that is envisioned by the ‘technology-enabled revolution’ narrative, but with a treatment 

that acknowledges the inherently social nature of technology and technical systems. It 

                                                 
2
 ‘Smart’ as an adjective for technology is vernacular usage which does not follow a strict technical 

definition. In relation to “devices or machines” it can mean “appearing to have a degree of intelligence; 

able to react or respond to differing requirements, varying situations, or past events; programmed so as to 

be capable of some independent action; (in later use) spec. containing a microprocessor” (OED 2016).  
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understands the system of energy provision described by this narrative to be the product 

of a process of sociotechnical change; a gradual transition away from the centralised, 

bulk supply arrangements in use today towards a renewed system of provision with 

unrecognisable technological, infrastructural, and institutional arrangements. Far from 

being a question simply of markets and technology investment, this is a societal 

transition (Seyfang and Smith 2007). The system of technological artefacts currently 

relied upon for the provision of energy are necessarily replaced during this transition, 

but also transformed over time are the social relations governing the production, 

distribution, and use of energy, cultural expectations and meanings attached to attendant 

technologies, the practices of energy consumers, and sociopolitical commitments to 

certain policy and technological innovation trajectories.  

The aim of this thesis is not to forecast, however. It does not seek to describe a neat 

series of hypothetical social changes that will lead straightforwardly to an imagined 

sociotechnical future. It attempts, rather, to do almost the opposite: to problematize 

simplistic discourses on technology change, including the discourse in which the 

‘technology-enabled energy revolution’ narrative is embedded; and to draw back from 

the narrow conception of sociotechnical innovation as an “implacable force moving 

through history” (Nye 1990, ix) along a set trajectory that is inevitable and ‘pre-

ordained’ (Stirling 2009). Through an analysis of existing sociotechnical systems of 

energy provision, and the application of sociotechnical transitions theory derived from 

historical processes of sociotechnical change, this thesis is an attempt to highlight the 

doubt that hangs over the sustainability transformation described by the ‘technology-

enabled revolution’ narrative; and, indeed, that hangs over any vision of sustainable 

transformation. It seeks as well to draw attention to the multiple paths along which 

sociotechnical change could unfold, but which are occluded by simplistic discourses on 

technology change, and to make clear the political nature of these dynamics. The 

purpose of attempting to do all of this is to show that a better understanding of the social 

and political forces that shape technical systems is essential to environment and 

development research if any vision of a sustainable transformation in these systems—no 

matter the specifics of any such vision—is ever to be realised. At stake is not simply the 

vital utilitarian requirement to reduce carbon emissions, but also questions of social and 

economic justice: questions about who is able to participate in making the decisions that 

shape the sociotechnical assemblages which constitute our common future.       
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1.1.2 Thesis outline  and research questions  

The empirical analysis in this thesis, then, is—using examples from the UK—of 

technology in use. That is to say, it examines a specific category of technology, namely 

the electricity generation, storage, and information ‘control’ technologies that feature in 

a vision of a decentralised system of sustainable energy provision. However, it defines 

this technology by its social application, as opposed to purely in socially abstract 

engineering terms. Chapter 2, A Balancing Act, begins this analysis by doing a number 

of things. One of these is to define this technology category in broad strokes. To do this 

it shows how a part of the transition towards a decentralised and sustainable system of 

energy provision is a change in the relationship between supply and demand. This can 

be achieved through demand becoming more dynamic and reactive to variation in 

supply, and also—or alternatively—by consumers of electricity producing some of their 

own supply. This alternative model of electricity provision—in which some or all of 

supply is, effectively, moved closer to demand—is well defined in the literature as a 

model of co-provision (Watson 2004). Chapter 2 defines the technological category 

under analysis in these terms, as technologies which mediate a closer relationship 

between supply and demand: co-provision technologies.  

In showing how the move towards electricity co-provision fits into a sustainability 

transition, Chapter 2 presents some quite dense fine grain detail concerning the 

technical and institutional processes involved in electricity supply in the UK. The 

purpose of supplying this detail is to provide an accurate sketch of the technical 

challenge involved in delivering an industrialised society’s energy requirements. This is 

sketch will help in later chapters to delineate the boundary between the technical and—

as it will be argued—far more substantial social barriers to certain directions in 

sociotechnical development, especially where sustainable alternatives to current patterns 

are concerned. Finally, Chapter 2 examines the regulatory and legislative environment 

in which electricity co-provision operates commercially. Notwithstanding the criticism, 

above, of simplistic discourses on technology change—which emphasise market-

delivered innovation to the exclusion of all else—this is still an essential component of 

a broader discussion about processes of sociotechnical change. 

Chapter 3, Sociotechnical Transitions, applies a transitions theoretical framework to this 

empirical analysis of co-provision technology in the context of existing technical and 
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institutional arrangements for electricity supply in the UK. It brings in specific energy 

co-provision projects as examples of how the theoretical concepts provided translate 

into practice. Among these is a project which is experimenting by networking the 

electricity supplies of around one hundred homes of council house residents in an 

economically deprived area, in order to allow them to function as a microgrid. Around 

60 of these houses will have rooftop solar panels installed. This microgrid allows 

energy to be moved around networked houses in order to utilise a higher proportion of 

the total electricity generated by the solar panels. This saves residents money, but also 

takes pressure off the national grid by substantially reducing the peak demand it has to 

supply to the networked houses. This practice, called ‘customer group aggregation’ is 

used in a similar way in another co-provision project examined in Chapter 3, which 

allows integrated homes to become a larger consumer. This larger consumer can take 

advantage of remuneration offered by the national network operator for shifting load 

away from times of peak demand. Chapter 3 systemises information about these and, 

other, energy co-provision projects. This information is put into a framework informed 

by the theoretical concepts supplies by tenets of sociotechnical transitions theory.  

Chapter 4, Technology Choice, discusses the implications of the empirical findings set 

out and analysed in Chapters 2 and 3. The chapter’s major theme is the governance of 

sociotechnical change. Crucial to the discussion is the notion that technological 

innovation—i.e. the invention or repurposing of technology as a means to reorder 

technical systems—cannot be considered a politically neutral act in the light of the 

inherently social nature of technology and technological change (Hilgartner 2009). It 

argues that the dominant discourse in technology governance at present employs a 

unitary conception of ‘progress’ which acts to occlude the possibility of alternative 

sociotechnical paths (Stirling 2015), and that this leads to there being a democratic 

deficit in processes governing longitudinal sociotechnical change. In doing so the 

discussion broadens to consider what the notion of multiple possible innovation 

trajectories, and the research and policy discourse which shapes them, means for 

sustainable development more generally. It attempts to couch the concepts constituent 

to this discussion in terms used in a sustainable development framework. The chapter 

concludes by locating the discussion of technology choice and the research and policy 

discourse in processes governing sociotechnical change, along with the findings 
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presented in previous chapters, within ongoing research in the field of science, 

technology and sustainability.  

The major aims of this thesis are, in short, to challenge simplistic discourses on 

technology change, and to frame the topic as an issue of societal transition of upmost 

importance to environment and development research. Within this, the major themes are 

climate change and environmental degradation caused by a societal commitment to 

fossil fuels, poverty and inequality linked to—or compounded by—current 

arrangements for the supply of electricity, the inherently social nature of technology, 

and issues of participation and democracy in the processes that govern sociotechnical 

change. These are all broad themes, none of which could be explored thoroughly on 

their own in a thesis of this length and scope. More concretely, then, the thesis sets out 

to conclude by answering the following research question and sub-questions, based 

specifically on the UK experience of energy provision and sociotechnical change:   

Research Question: What dynamics underlie processes of sociotechnical 

change affecting systems of energy provision, and what theoretical and 

analytical tools are there for the study of these dynamics?  

i. how can these analytical and theoretical tools be applied empirically in 

the case of co-provision technologies, and what insights does this offer? 

ii. do these tools have a normative application for designing policy which 

will aid the diffusion of co-provision technologies?   

iii. what insights can theories of sociotechnical change offer to broader 

inquiry into societal change, especially with regards to sustainable 

development? 

The remainder of this chapter starts by outlining the methodological approach taken for 

this study. Following this, it sets out some historical background to the study. This 

provides some context both of electricity systems and their technical and institutional 

development, but also for the theoretical approaches to studying them.             

1.2  Methodological approach 

This study attempts a qualitative analysis of a dangerously quantified topic. Dangerous 

in the sense that, due to the enormous wealth of quantitative data on electricity systems, 

it is surely possible to contradict all of the factual claims—those based on numerical 
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information—made in this thesis. Interpreting the mass of data on consumption (MWh), 

installed capacity (watts), retail cost per unit (£/KWh), spinning reserve ramp-up time 

(seconds), transmission efficiency (%), load and capacity factors (%), grid frequency 

(Hz)—along with various other energy system-related metrics associated with the topic 

of renewable energy and co-provision—could well fill many theses. Indeed, earlier 

drafts of this thesis contained far more technical and numerical information than does 

this final version; the major themes were becoming lost in pages of technical description 

and supporting numerical information that has now, although not gone entirely, been 

vigorously edited.  

The paring down of quantitative data was not because of a conviction that these 

numbers do not matter, they most certainly do: they provide important indicators of the 

performance of a system upon which all of society’s wellbeing relies; understanding 

and responding to them is a key part of a decision making process that affects—and 

should include—everybody. And herein lies the problem with over-emphasising 

quantitative data such as performance indicators on electricity systems. To aggregate 

these data and present them as ‘stark facts,’ natural and undeniable, is to take them out 

of the social context—the complex “network” of relations (Berteaux 1981)—that gives 

these figures significance (Bruner 1990). The danger—to evoke the term a second 

time—of doing so is that the process of decision making around society-shaping 

technical systems becomes subject to the hegemony of aggregate numerical models.
3
 

Technical decision making processes, which should be understood for what they are, 

broad sociotechnical dialectics, are reduced to a matter of technical realpolitik.       

While, then, an observation might be made in quantitative terms about, for example, the 

comparative flexibility of nuclear and coal generation, or figures on the average 

capacity factor of wind generation in the UK may be cited in order to support a point, 

the conclusions of this thesis are not based on in-depth analysis and modelling of 

electricity system performance metrics. Nor does this thesis speak from a position of 

expertise on such matters. Indeed, quite the opposite is true. The researcher has very 

little technical knowledge of systems of electricity provision further to that which was 

gained as part of the process of conducting this study. The key method behind the 

                                                 
3
 This is a point examined further in Chapter 4, which examines the effect on processes of sociotechnical 

change of the tendency in modern politics, following the study of economics, to reduce technological 

decision-making to consumption choices by aggregate choice-makers (Miller 1995).      



  9 

 

deployment of quantitative technical data has been to exercise caution in weighing up 

different sources’ collection and presentation of data, and to cross-check to ensure that 

this thesis’ reproduction of these data is intellectually honest in its ascribing of 

significance to it.  

The qualitative research findings presented in this thesis—observations of the 

sociotechnical phenomena analysed and the theoretical tools acquired to do so—were 

collected in a study comprised of two components. One of these was a field study 

comprised of a series of interviews with expert informants. The second research 

component of this study was an extensive and far-reaching desk study of academic 

literature, policy documents, patents, and some related articles in popular journals. This 

second study served both as triangulation for the data gathered in the field study, as well 

as providing information on topics not covered directly by interviews with expert 

informants. Both of these two components are briefly outlined and reflected upon 

below.  

1.2.1 Field study  

The field study was conducted over a few months between July and early September 

2015, but largely consisted of two stages. The first stage, in July 2015, consisted of one 

informal conversation, which provided the leads required to find—and make initial 

contact with—more informants. There was an intervening period in which there was 

some email correspondence between the researcher and all of the informants. The 

second substantive stage was in a two week period, between late August and early 

September, in which all four formal interviews were conducted. Each lasted between 35 

minutes and one hour. All four informants were associates of the initial contact, who 

was an associate of somebody known to the researcher. With their consent, this contact 

gave the researcher email contact details for the four informants. Introductions were left 

for the researcher to make. Of the six contacts invited with bespoke email 

introductions—outlining specifically why they had been selected to invite to the 

study—four responded positively and an was interview arranged, one expressed interest 

but was unable to find time to participate, and one did not respond.  

The purpose of the field study was simply to discover what insights into electricity co-

provision could be gained by talking to expert practitioners in the field, all of whom 
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were associated with one of the co-provision projects examined in Chapter 3. 

Accordingly, there was no interview guide as such (but see Appendix for list of broad 

question categories), and the interviews took the form of informal conversations in 

which the informants were invited to talk about their academic backgrounds and 

professional histories, and to explain their current work surrounding the implementation 

of electricity co-provision. Co-provision is an analytical term found in academic 

literature. None of the informants volunteered this term in relation to their work in the 

field of energy provision more widely. All did, however, give detailed accounts of their 

work that do match up very closely and un-problematically with definitions of 

electricity co-provision found in the literature (see for example Watson 2004). One of 

the initial major insights gained from the field study, then, was affirmation of the 

empirical validity of the theoretical notion employed by this thesis, originally gleaned 

from the academic literature.
4
 Because of the function these interviews performed as 

‘expert aids,’ as opposed to data for interpretation, they were not transcribed in full, but 

recordings and notes were kept for the duration of the writing-up process.  

On reflection, these interviews may have been conducted too early in the research 

process. At the time of the interviews the researcher had failed to grasp the fine details 

of the technical and institutional processes involved in electricity provision in the UK, 

or indeed of the broader sociotechnical concepts underlying co-provision. This 

understanding has been pieced together since the time of the interviews using the desk 

study (see below) and the interview notes themselves. While this could be presented as 

an extra insight gained as a result of the field study, the researcher’s lack of a detailed 

understanding in this area—which could have just as easily been rectified by a desk 

study and without field interviews—acted, during the interviews, as a barrier between 

researcher and informant. The informants were all busy professionals taking time out of 

their day to aid what they had been led to believe was research that would support 

environmental causes
5
; they all came to the interview with overly-optimistic 

expectations—as it turned out—of the researcher’s knowledge of the broader electricity 

                                                 
4
 This was not the notion the researcher had adopted in order to understand and explain co-provision 

technologies at the time of the interviews, however. This insight was pieced together much later while 

going over interview notes and relevant literature.   
5
 The email inviting informants to participate in the study explained that the purpose research was in the 

area of environment and development.  
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industry, which led to valuable time being taken up with their having to explain what 

are—in light of the researcher’s present understanding—basic concepts.   

All of the informants were very patient in this regard, but the result is that opportunities 

for the researcher to elicit deeper insights into co-provision from the informants were, in 

all likelihood, missed. The informants, as the parties with far superior knowledge of the 

area, very much had to lead the discussion. This was of course to be expected and—to 

an extent—welcomed, but the informants’ expressions and body language would 

sometimes register disappointment when the researcher failed to react to the 

significance of something they had said. Hindsight now shows that some of these 

statements were indeed quite extraordinary in content, and warranted a reaction of sorts. 

On other occasions the recordings show the researcher reacting to what is, in fact, a 

rather mundane detail. This would have no doubt been perplexing to the informants. 

Allowing the informants to lead the discussion has, on the other hand, had many 

benefits as well. They had the freedom to talk at length, which all of them did to varying 

degrees, and a vast number of insights contained within the recordings of these 

interviews has emerged steadily over the course of their use as writing aids: every time 

the researcher returns to these recordings having read further into the topic’s web of 

complexities, these recordings yield a fresh, sharper understanding that draws together 

previously-scattered dots.  

It is impossible to say definitively, but had the researcher been more prepared for these 

interviews, better able and more confident to guide the discussion, the course they may 

have taken could have been very different and offered a different set of insights. In this 

regard, it would perhaps be untrue to state that on reflection the researcher would not 

have conducted interviews at this stage of the process: the field study has proved 

invaluable to this research project as a whole, despite these caveats. Ideally, however, 

there would have been a second round of interviews with all of the informants at a later 

stage in the process after the extensive desk study was completed. This would have been 

especially interesting in this case, given the regulatory developments that have occurred 

between the time of the interviews and the completion of this thesis (see Chapter 2). 

Time constraints on the researcher have certainly been one factor in why this second 
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round of interviews has not taken place, as has the practical difficulty of scheduling 

interviews with busy informants to fall within a short timeframe in the UK.
6
  

Upon further reflection, however, what has also been a barrier to securing a second 

round of interviews has been the researcher’s sense of embarrassment at the lack of 

knowledge demonstrated during the interviews. This embarrassment may seem illogical, 

given that the interviews were explicitly organised with ‘expert’ informants who would 

undoubtedly have superior knowledge and understanding of the topic. Further 

deconstruction of this sense of embarrassment reveals that it emanates from the 

researcher’s approach to handling this knowledge gradient, rather than the fact of this 

gradient itself. As opposed to being upfront with the informants about the researcher’s 

level of technical and empirical knowledge of the UK energy industry, and the highly 

social nature of this research, the researcher tried to ‘wing it’ by showing few signs of 

not understanding certain aspects of what the informants were saying, and confidently 

asking questions.
7
 This decision was, again, taken out of a sense that to admit to such a 

poor grasp of the area would cause the informants’ consternation at having been asked 

to take the time to explain basic elements of their work. This concern was most 

certainly misplaced, and all of the informants were amicable, understanding individuals; 

several of them recalled during the interview conducting similar research for their 

master’s research project, and were just happy to help in whatever way they could.  

Overall then, the field study provided a valuable insight to the topic, has to a significant 

degree structured the way that this study later developed, and has been deeply formative 

with regards to this thesis. The major ethical considerations for conducting the 

research—namely the informants’ valuable time taken by the interviews—although real, 

perhaps played more on the mind of the researcher than they need have done, in the 

sense that they affected researcher’s presentation in interview in a manner that proved to 

be counter-productive.  A lesson for future research, then, is to find a better approach to 

handling knowledge gradients between researcher and informants so that un-wise and 

misleading strategies do not become a barrier—in the researcher’s mind—to further 

contact. An important element in successfully embodying this lesson will be greater 

confidence. A researcher must both have confidence that the research they are 

                                                 
6
This in the interests of only making one trip from Norway. 

7
 Some of these questions, viewed in the light of new understanding reached since the interviews, are 

somewhat inane. 
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conducting is valuable, and acknowledge that a knowledge gradient when speaking to 

experts in another field is inevitable. Gaining this confidence is a matter of reflecting on 

this realisation, and ensuring that preparation for interviews is structured and thorough. 

For a researcher particularly interested in the sociotechnical phenomena, this is 

undoubtedly going to be a salient issue in future; and in this sense it is in itself a 

valuable insight to have come out of this study.     

1.2.2 Desk study 

The desk component of this study has been going on around and throughout the process 

of planning the field study, writing up field notes, analysing these notes, and writing up 

this thesis. Indeed, it continues now, and will do for some time to come. It has been far-

reaching and encompassed a broad range of literature and documents. For the purposes 

of a brief explanation, this broad range of literature and documents can be divided into 

four main categories—all still exceedingly broad themselves—all of which are outlined 

briefly below. The first of these categories could be described as academic literature 

that falls under the loosely-defined heading of environmental policy literature. The 

second, more clearly defined category is the sociotechnical transitions literature, used at 

length to develop this thesis and relied upon heavily for the analysis in Chapters 3 and 

4. The third category is a somewhat miscellaneous one, which throughout the writing 

process of this thesis has been comprised of the documents organised into a desktop 

folder simply called “Reports.” It contains articles from popular journals, government 

communications, reports written by professional associations, think tanks and industry 

actors, along with all other documents that do not fit into any other of the four 

categories. The fourth category contains academic literature and other documents—such 

as patent documents—that pertain to technical and engineering topics.  

Environmental policy literature is a diffuse category. It is comprised of a wide range of 

research papers and other academic literature that has a bearing on environmental 

policy, some of these bearings being more oblique than others. Key literature in this 

category includes longer works such as The Provision of Public Services in Europe, 

edited by Hellmut Wollmann and Gérard Marcou (2011) and Reclaiming Public 

Ownership by Andrew Cumbers (2012). Both of these books blend perspectives on 

political economy and the study of policy to deliver an empirically robust theoretical 
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framework for contemplating the nature of public services and utilities as sociopolitical 

institutions. A series of papers produced by the Science Policy Research Unit (SPRU)—

some of which also deal with sociotechnical transitions theory (e.g. Berkhout et al 2003, 

see below)—and the Social, Technological and Environmental Pathways to 

Sustainability (STEPS) Centre also formed a key part of the environmental policy 

literature examined. Chief among these were Stirling (2009) and Stirling (2015). 

Alongside these, papers such as Elizabeth Shove’s (2009) Beyond the ABC: climate 

change policy and theories of social change offer a critique of policy interventions that 

are blind to the coevolution of technical systems and society. Finally, for this category, 

were papers that examine the developing institutional forms of distribution in energy, 

and which provide this thesis with its notion of co-provision. Chief among these was 

Watson (2004).   

The books and papers that informed the chapter in this thesis on transitions theory do 

not comprise a complete literature review of the transitions literature, although they are 

able to offer a semblance of the contours within this area of thought. Thomas Hughes’ 

(1983) Networks of Power: Electrification of Western Society 1880-1930, although not 

technically part of the transitions literature, was formative for the understandings 

underlying much of this body of work. Other works by historians of technology, such as 

David Nye’s (1990) Electrifying America: Social Meanings of a New Technology also 

fall into this category. Another branch of the coevolutionary approach—that, for a 

while, developed alongside transitions theory, before merging with it (see Geels 

2004)—and which also built on Hughes’ approach, is the study of large technical 

systems (LTS). The Governance of Large Technical Systems, edited by Olivier Coutard 

(1999), includes some chapters that have been very influential in this thesis. Chief 

among these are Coutard (1999), Summerton (1999), and Guy et al (1999).  

Of the transitions literature itself, a very influential early contribution as far as this 

thesis is concerned is Rip and Kemp (1998), which draws together from diffuse sources 

many of the concepts that now underpin a holistic conception of transitions theory. 

After Rip and Kemp, the literature branches out. Again, in terms of contributions which 

have proved influential in this thesis, Rotmans et al (2001); Geels (2004); and Schot and 

Geels (2008) refine the coevolutionary multi-level perspective understanding of 

transition (see Chapter 3). A conscious and productive effort to incorporate civil society 
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action into transitions approaches is found in Seyfang and Smith (2007); Seyfang and 

Haxeltine (2010); and Hielscher et al (2011). Meanwhile, Berkhout et al (2003) and 

Smith et al (2005) address some issues of ontological perspective which arise as a result 

of the way transition theory develops and is applied to empirical examples. Geels et al 

(2015) provides a comprehensive inductive analysis of the UK electricity industry using 

a branch of transitions theory and, finally, Johnstone and Stirling (2015) make 

interesting adaptations to the approach in light of research findings of an in-depth study 

comparing the network of actors and processes informing the civil nuclear industries in 

the UK and Germany.  

The third category of literature involved in the desk study contains documents too 

numerous to list individually here.
8
 The methods used to accrue this large number of 

files and papers began as rather ‘scatter-gun’ web searches, but became more refined 

over time as the researcher became both more in-tune with relevant key words, and 

more accustomed to how publications on government departmental websites are 

organised and categorised. The fourth and final category of documents was perhaps the 

most difficult to approach and engage with from a social research perspective. Walker 

(1986), and Sioshansi and Davis (1989) were a useful way into productively linking 

technical information with the social dimensions of energy supply, as this is also the 

approach both these papers take. More straightforward technical articles on microgrid 

architecture and controls were Lasseter et al (2002); Short et al (2007); Zamora and 

Srivastava (2010). Markvart (2006) provides a brief and accessible introduction to the 

topic.  

The literature listed here does not constitute a holistic literature review on any particular 

topic or family of theory. The presentation here of the influences from literature on this 

study is intended, rather, to demonstrate the methodological—if not methodical—

approach taken to literature. Selecting and dividing documents into the four broad 

categories outlined above was in fact an ongoing, iterative process that helped to inform 

the writing process. The weighting of source type and topic in the list above reflects 

very much the weighting these sources are given in the thesis as a whole. This thesis 

strives for multidisciplinarity, but in doing so risks doing injustice to all of the 

disciplines it calls upon. As such, the same disclaimer as was used in relation to the 

                                                 
8
 They are, however, referenced throughout this thesis, and can be found in the reference list. 
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deployment in this thesis of technical data applies to the use of theoretical frames and 

concepts. They are not intended to provide a comprehensive overview, although they 

selected judiciously and with care taken to not oversimplify or misrepresent any concept 

or theoretical approach in the process.                           

1.3 Background: electricity supply as the 

technical embodiment of social, political and 

economic circumstances  

Societal requirements of energy, water and sewage, telecommunications, and transport 

are provided by exceedingly complex organisations of technical artefacts, institutions, 

social relations, and large amounts of capital operating in network (Coutard 1999). 

These organisations are crucial to maintaining social and economic life in industrial 

societies. Because of these systems’ technical nature and capital intensity, it is easy to 

designate them an issue of simple technical-economy, where engineering quality and 

pricing structures are the only factors to have a bearing on the daily lives of societies 

served by these systems. Starting with Hughes (1983), however, the broader links 

between technical systems and society have become a subject of study by the social 

sciences. Underlying this new interest, Olivier Coutard suggests, is the assumption that 

“the relations between these socio-technical systems and ‘society at large’ are essential 

to understand the evolution—the coevolution, one might say—of both the systems and 

the society” (Coutard 1999, 1, original emphasis). It is this process of coevolution with 

regards to electricity provision to which the below now turns.  

1.3.1   Electrification: a process of system-society coevolution  

Coevolution, then, in a sociotechnical systems sense, means that social, political and 

economic circumstances shape electricity supply and become embedded in the physical 

hardware and infrastructure attendant to electricity supply systems; characteristics 

which themselves have a profound bearing on the arrangement of social and economic 

life. Understandings of how society shapes technical systems of utility provision are 

missing from analyses that assume sociotechnical processes—such as electrification in 

public spaces, businesses, and homes—are extra-societal phenomena which proceed in 

inevitable fashion along ‘natural’ lines. This conception of sociotechnical innovations, 
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such as electrification, as a ‘natural’ process—the ‘implacable force’ understanding—is 

at odds with the understanding of electrification as “a social process that varies from 

one time period to another and from one culture to another” (Nye 1990, ix). This is a 

crucial distinction for a great number of reasons, but is particularly salient for 

environment and development research concerned with energy provision, as policy 

discourses that are couched in an ‘implacable force’ understanding of technological 

change can in themselves constrain possibilities for ambitious and meaningful moves 

towards greater sustainability (see Chapter 4). 

David Nye’s study of the early electrification process, as it occurred in a small town in 

the United States, is illustrative of how social, political, and economic circumstances 

can structure and become embodied in the technical arrangements of electricity supply. 

Nye presents how “in the years between 1890 and 1920 a dialogue on electricity took 

place in American society,” where “some voices were louder than others” (1990, 138). 

This dialogue took place as Americans tried to decide  

“whether to construct many small generating stations or a centralized 

system, whether to use alternating current or direct current, whether to 

place ownership in public or private hands, whether to establish rates that 

favoured the small or the large consumer, whether to give control over the 

system to technicians or to capitalists or to politicians” (ibid).  

The experience in Muncie, Indiana, described by Nye is analogous with experiences of 

electrification elsewhere in America, Europe, and further afield; but as Nye explores, 

local societal contexts varied hugely leading to diverse sociotechnical outcomes of this 

dialogue. There was during this period, for example, a notable difference between how 

electrification proceeded in the US and in parts of Europe. In the former, domestic 

electricity surfaced unevenly and slowly, and was viewed as a lavish and conspicuous 

means with which the wealthy elite could define itself; in Scandinavia, Germany, and 

Holland, on the other hand, a political commitment to universal domestic electricity 

provision led to there being only one in ten homes unsupplied by 1930 (ibid, 140). The 

electric lighting of public spaces, in contrast, showed an almost inverse pattern: in the 

US spectacular lighting arrays in streets and shop windows by advertisers and retailers 

were a part of rapid growth in the electric lighting of public spaces—led by private 

enterprise—which “quickly developed far beyond social necessity” as electrically-

powered spectacle became constituent in corporate-public relations (ibid).  
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These contrasts reflect the differences in the political-economic and social contexts of 

electrification of the US and Europe. Nye suggests that the decentralised nature of 

governance in the US meant that top-down policy goals, such as the universal provision 

of domestic electricity, would have been difficult for central government to implement 

across the many jurisdictional boundaries of a federal nation (ibid). This difficulty was 

compounded by the lack of appetite for big government welfare interventions and a 

capitalistic—in comparison to Europe—ideology: at the time the railways and telephone 

networks in the US—which were publicly owned throughout Europe—were privately 

owned (ibid). The commodification of electricity in the US during this time reflected 

other aspects of American society too. Although there were competing notions of what 

electricity was, and how it might be integrated into society, much of the early twentieth 

century discourse around it suggests a “popular understanding of electricity as a quasi-

magical force with utopian potential” (ibid, 157). It is, perhaps, understandable that 

state control of this technological miracle, no less—eulogised in the form of public 

spectacle—was anathema to a large number of Americans, given the particularly strong 

currents of laissez-faire individualism in early twentieth century American society. 

The distribution of ownership and comparative rates of domestic electrification in the 

US and Europe are just one example—painted here in broad strokes—of how different 

social, political and economic circumstances can shape technical systems. The point to 

emphasise is that “in no society was electrification a ‘natural’ or a ‘neutral’ process; 

everywhere was it shaped by complex social, political, technical and ideological 

interactions” (ibid, 139). The choices made—in this case surrounding ownership and 

control of the developing technical system—structured, to a large degree for many 

decades to come, the development of that system. As stated, these were not the only 

choices confronting societies in the process of deciding how to integrate electricity 

generation-transmission technologies into social and economic life, and nor were these 

choices made on the basis of equal representation of competing views. The political 

struggles that led to sociotechnical decisions which influenced subsequent 

developments were characterised by differences in power between interests. The 

process of politicised sociotechnical decision making that led to the emergence of 

centralised bulk power as the form of electricity provision in the UK is explored below.          
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1.3.2 Early system expansion  

System expansion can be theorized in a number of ways. Perhaps most straightforward 

is the observation that technical systems must sometimes expand spatially in order to 

increase the level of coverage. The public service obligation attached to electricity 

provision in some cases—such as parts of Europe in the early twentieth century—is one 

factor in why supply systems must increase coverage through expansion; alongside this 

factor is the normal economy of scale factor which applies to many capital-intensive 

activities such as electricity provision. Additionally, however, electricity supply systems 

also expand across functional—as opposed to spatial—boundaries in order to capitalise 

on more varied load types; this improves the load factor and increases the efficiency of 

supply (Summerton 1999). This drove much of the early system expansion in the US, 

for example, where electric traction companies in the late nineteenth centuries became 

some of the largest suppliers of electricity to municipalities (Nye 1990). However, as 

Summerton notes, some theoretical positions hold that “sociotechnical networks are to 

be understood as Machiavellian instruments of power” (Summerton 1999, 95). From 

this perspective, system expansion could be viewed not only as a necessary public 

service or an exercise in technical-economic expediency, but also as a political tool for 

domination. There is certainly some evidence of attempts a domination by the interests 

party to the political struggle in the US and Europe known as ‘the battle of the currents;’ 

of which Hughes (1983) provides an insightful account.      

Borrowing from military terminology, Hughes describes the development of electricity 

supply systems in terms of an advancing line—or front—that is frequently beset by 

‘reverse salients:’ sections of the line or front that fall behind the rest (Hughes 1983). 

Once a reverse salient in a developing technical system is identified it can be defined in 

the terms of a ‘critical problem’ (ibid). A critical problem is a specific design flaw, 

missing technological attribute, or knowledge gap that is causing the system’s reverse 

salient. Solving a critical problem requires a new invention or new knowledge that can 

bring a lagging-behind section of the system back into line (ibid, 80). Typically, to 

describe a system component as ‘lagging-behind’ is to mean that it works economically 

at one scale but is still inefficient enough to be uneconomical when operating at a larger 

scale; this is why a reverse salient is often revealed as a system expands or, to extend 

the metaphor, begins its advance (ibid). 
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The so-called ‘battle of the currents’ arose from the spatial expansion of an electricity 

supply system hampered by a reverse salient. As generation technology became more 

efficient and reliable, and as demand for electricity grew, managers operating electrical 

supply systems identical to that patented by Thomas Edison attempted to connect to 

their distribution network users spread over a larger geographical area (Hughes 1983). 

Edison’s system was able to deliver electric lighting to a compact urban area for a 

cheaper per-unit price than natural gas. When expanded spatially in this manner, 

however, the transmission losses became so great that the system was no longer 

economically viable (ibid). This is an example of a reverse salient because the 

transmission of electricity was just one system component of several, but the only one 

failing to keep pace with the technological and spatial development of the system as a 

whole. The critical problem defined in this instance was that the direct current (DC) 

generators used by Edison’s original system could not be viably transformed between 

high voltages for efficient transmission and low voltages for safe distribution; solving 

this problem required the invention of new transformers and transmission hardware 

(ibid).  

Hughes asserts that this process—system expansion, identifying a reverse salient, 

defining it as a critical problem, and inventing the solution—results in “innumerable 

(probably most) inventions and technological developments” (ibid). As opposed to 

inventing from scratch new technologies to fulfil an as-yet unknown or at least not 

widely-practiced purpose, inventors spend ‘most’ of their time solving critical problems 

with inventions that will realign reverse salients in a system. In doing so inventors will 

sometimes invent the kernel of an entirely new system (ibid, 91). This was the case with 

the DC transmission issue: in trying to find a way of making long-distance transmission 

viable inventors developed the alternating current (AC) transformer and its attendant 

transmission components.  

For some years after the invention of the AC system there was sustained competition 

between AC and DC system manufacturers for market share and technical acclaim in 

academic engineering circles (ibid). Hughes cautions against assuming that, just 

because polyphase AC transmission-distribution is the worldwide standard today, its 

inherent technical-economic advantage over DC means its eventual victory in the so-

called ‘battle of the currents’—which ensued from its invention—was always inevitable 
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(1983, 81). Crucially, this inherent technical-economic advantage of an AC system was 

not and–-as is discussed in Chapter 2-–is not an assured matter of universal fact but of 

sociopolitical, legislative and economic circumstance (ibid). Because the comparative 

technical-economic advantages of both systems were open to debate, competition was 

intense. Interested parties resorted to using “political power” in an attempt to settle the 

contest (ibid, 107). For example, in an attempt to gain commercial advantage over the 

insurgent alternating current, US-based manufacturers of direct current systems went as 

far in 1889 as successfully lobbying the State of New York to replace hanging with the 

AC-powered electric chair in executions. The hope was that this gruesome association 

would harm alternating current system sales (ibid).
 9

 

1.3.3 The shift to ‘bulk power’ 

While the political power struggles wore on, alternating current transmission-

distribution systems continued to steal market share from direct current systems, which 

could not compete when supplying electricity over a larger geographical area. This 

meant that while alternating current systems were a clear 'winner' in rural areas, in 

urban areas debate as to whether or not direct current might be more suitable continued 

into the twentieth century (ibid, 81). In the UK the urban-rural distinction which 

emerged between systems was intertwined with another dichotomy: between small 

scale, technologically heterogeneous systems and large, standardised systems centrally 

supplying a large area (ibid). Although among engineers, especially in the US, support 

for the latter was almost ubiquitous by the beginning of the twentieth century, in 

London small scale DC generation-distribution networks continued to prevail.  

Again here, this debate about the most appropriate scale for the deployment of 

electricity generation-distribution networks was not purely technical, but also political. 

The fact that “these small scale undertakings were appropriate for the demand they 

                                                 
9
 Not only this, but one Harold Brown, an employee of DC-advocating parties, attempted to demonstrate 

to the general public the existential threat posed to them by AC using another macabre method. On more 

than one occasion Brown—in front of an audience—tortured dogs with non-lethal doses of direct current 

before killing them with an alternating current. He was not, however, an engineer but a spin doctor, 

spearheading DC-interested parties’ “nontechnical compensatory response” to the commercial threat 

posed by a rival system (Hughes 1983, 107). The ‘demonstrations’ were part of a wider lobbying 

campaign—which failed—designed to bring about legislation that would limit the voltage of AC 

transmission to 300 volts, thus removing its technical-economic advantage over long distances (ibid, 

108).  
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 and for the legislative circumstances of the day” (ibid, 234) instilled confidence in 

the “managerially conservative interests” that sought to protect the autonomy of local 

authorities and contributed to the preservation of the small-scale style of electricity 

supply in London in the first decade of the twentieth century (ibid, 255). The power 

wielded collectively by these interests was considerable. So much so that the multiple 

efforts by celebrated up-and-coming engineer Charles Merz to persuade parliament to 

allow him to interconnect and standardise electricity supply across London were all 

confounded. After one such occasion in 1905, David Lloyd-George, MP and President 

of the Board of Trade, reportedly had to console the somewhat perplexed industrialist: 

“my dear young friend, this is not a question of engineering, it is a question of politics” 

(Hughes 1983, 251).    

Ultimately, it was the unprecedented demands placed on the electricity supply system 

by World War I that caused the political opposition to legal change to give way to 

system interconnection, standardisation and 'bulk power'; this post-war trend 

culminating in the establishment of a national grid in 1926 (ibid). As the remainder of 

the small-scale, local infrastructure for electricity generation-transmission was replaced 

with a large-scale national standard the ‘battle of the currents’ too came to a conclusion 

with the standardisation of alternating current two years later in 1928. The observation 

that “history is written by the victors” could well apply to this commercial struggle: 

Hughes points out that the fact direct current continued to operate commercially in some 

areas right up until it was swept away by standardization is often overlooked by 

historians (1983, 85). Instead, the modern narrative of the ‘battle of the currents’ holds 

that direct current generation-transmission was out-performed by its rival and died an 

inevitable death brought on by technical-economic inferiority.  

Of course, this is not to say that without standardisation-through-regulation direct 

current would have survived as a commercially viable option in the context of 

twentieth-century power needs. As noted, World War I was a catalyst for sociopolitical 

change which allowed for a shift in industrial logic towards ‘bulk power’ that required 

the long-distance transmission of centralized generation and more heavy manufacturing 

capacity, both of which required ‘stronger’ AC power. Rather, the point is that while 

direct current generation-transmission ceased to embody the sociotechnical ideal in the 
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 Namely, these were dense, urban areas.  
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particular sociopolitical, legislative and economic circumstance, this should not be 

conflated with the erroneous idea that direct current generation-distribution systems are 

technically inferior to alternating current systems in all such circumstances. As explored 

in Chapter 2, changing energy needs and sociotechnical practices in the twenty-first 

century could well support the argument that direct current generation-distribution is 

once again gaining relevance as part of a system of electricity co-provision.   

1.3.4 Twentieth century global-localisation   

Guy et al (1999) have developed a model for describing both some of the above changes 

and those that occurred subsequently in terms of three distinct industrial logics that 

have—in this model—dominated the three phases of urban sociotechnical system 

development. In the model the initial phase of system development, explored above, is 

called ‘localisation.’ This is the development of utility networks around urban cores. In 

this phase specific local requirements and contexts lead to the development of utility 

‘islands:’ municipal supply networks that are idiosyncratic in their deployment of 

technology, organisational structures and tariffs. This technical and institutional 

heterogeneity means that it is not possible to interconnect different municipal networks 

(ibid). The second phase, nationalisation, Guy et al describe as the “antithesis” of the 

first phase in that in this phase local control is replaced with central planning, urban 

centres are linked, and technology and tariffs are standardised (ibid, 197).  

In the UK, legislative nationalisation of the electricity supply industry took place in 

1945. As discussed above, however, the beginnings of the shift in industrial logic 

towards central planning, standardised technology and interconnection for ‘bulk power’ 

began earlier than this: World War I was a catalyst for the erosion of municipal 

autonomy in electricity supply, and paved the way for the establishment of a national 

grid in 1926 (Hughes 1983). After localised municipal electricity supply systems were 

networked, their technologies standardised and control transferred to a national 

authority—the Central Electricity Generating Board (CEGB)—certain fundaments of 

the technical arrangements for electricity supply were established and have since 

remained largely unaltered: central power plants predominantly burn natural gas, types 

of coal, oil-–and also, latterly, employed nuclear fission—in order to generate electricity 

that can be transmitted to homes and businesses via a transmission-distribution network 
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comprised of copper wires that criss-cross the country. Throughout the twentieth 

century technologies and hardware were improved, replaced and upgraded, but this 

particular underlying technical principle has not changed. 

Until the 1980s this method of technical organisation of supply reflected the priorities of 

the industrial logic behind it. One of the aims of the nationalisation projects that 

followed World War II in the UK was to boost economic growth (Guy et al 1999). 

Particularly with electricity, where the perception was that the UK lagged behind US 

and European competitors, central planning and control of a fully-integrated network of 

urban centres and rural communities, all with government oversight, was deemed 

necessary in the interests of the nation’s economic world standing (ibid). Also 

underpinning these projects was a supply-driven approach that sought to ensure 

universal access, standards of service and tariffs. The latter required, in effect, cross-

subsidization between settings where there was variation in the cost of service 

provision. For example, the actual unit cost of transmitting electricity in remote rural 

communities, where there are fewer economies of scale and where it is harder to 

improve load factors by combining different services, is higher than in urban areas. 

Standardisation of tariffs under nationalisation meant, however, that these differences 

were absorbed by aggregation (ibid).  

Insofar as the technical and institutional arrangements for electricity supply were 

characterised by homogeneity across the country, with no allowance for local variation, 

they reflected these broader aims of the nationalisation project with regards to universal 

access and quality of service. The network was also expanded rapidly to accommodate 

the supply-driven logic which held higher consumption of utility services was indicative 

of economic and social progress; in the two decades immediately post-nationalisation 

the installed generating capacity in the UK increased by 1700% (ibid). Guy et al 

attribute this to the observation that “expansion of utility networks [had become] 

intimately connected with the drive to improve economic performance and quality of 

life” (ibid, 198).  

In the 1980s and ‘90s electricity supply in the UK was privatised, which heralded the 

final stage of the three-phase development model, global-localisation. As with the 

gradual end of localisation during the interwar years, precipitated by a sociopolitical 

shift for which World War I was a decisive geopolitical catalyst, privatisation was the 
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outcome of broader sociopolitical and economic circumstances. Viewed through the 

lens of political economy, it has been argued that growing discontent with the 

nationalisation project as a whole—at least in some quarters—was fuelled by the 

perception that it had failed to fundamentally alter capital-labour relations to allow a 

more truly collectivised form of ownership: a desired outcome, according to this 

account, for many on the political left, including the Labour government that 

implemented nationalisation (Cumbers 2012). What had happened instead, Cumbers 

argues, is that state-owned enterprises had “became captured by dominant interests and 

increasingly removed from the workers… and the broader public” (ibid, 36).  

In any case, by the 1970s the CEGB in particular was, at the very least, perceived to be 

a monopolistic producer that was neither accountable to its customers nor to the state; it 

had failed to modernise network hardware and prices were rising (Guy et al 1999). The 

global recessions and other economic crises of the 1970s inevitably put more pressure 

on public funds and state-owned utilities, which further contributed to lack of 

investment and increased costs. Augmenting this—yet another, more contemporary 

account suggests—was the fact that since the UK’s electricity supply industry had 

reached maturity in the mid-1960s, i.e. demand-side growth had stalled, it faced new 

pressures to increase demand in order to remain cost effective; it was felt by some 

analysts that a move away from average-cost pricing towards more competition would 

allow it to do so by tailoring services and tariffs to a financially-stratified consumer 

base (Sioshansi and Davis, 1989). 

Also a defining feature of this third phase of sociotechnical system development was the 

‘unbundling’ of the vertically-integrated CEGB into a number of generating companies, 

a private network operator responsible for the transmission network and a number of 

supply companies. This meant an end to cross-subsidisation and to universal standards 

of service and tariffs as foreign corporations were able to compete with domestic ones 

for shares of ‘cherry picked’ markets that offered the highest rates of return on 

investment (Guy et al 1999). In this sense, services and investment—in technology 

upgrades, for example—were once again increasingly tailored around local factors such 

as demand and load type. Far from the corresponding local oversight, however, the key 

institutions involved in directing these patterns were global, increasingly liberalised 

markets, the effects of which are discussed in the next chapter.  
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Summary 

The cursory glance at the complex history of sociotechnical systems of electricity 

provision provided in this section is an attempt to introduce a number of themes and 

concepts that underpin this thesis. Key among these is the notion of system-society 

coevolution. The development of technical systems, and the integration of technical 

possibilities into social and economic life, is a process of sociotechnical decision 

making. Questions such as those of scale, ownership, and control interact with 

prevailing or entrenched technical, ideological, and political circumstances, creating 

broad dialogues and, often, political struggles between competing interests. Shifting 

social circumstances both reflect and help to configure sociotechnical developments that 

arise from this dialogue. The system of electricity provision that has emerged in the 

United Kingdom over almost one-hundred and forty years is now one of centralised 

bulk supply in a regulated private industry. The next chapter begins by exploring the 

challenges facing these incumbent arrangements for electricity provision as the 

sociotechnical ideal shifts in response to phenomena such as climate change, resource 

depletion, and the social ills that are caused by the volatile costs of meeting the specific 

dynamics of demand in the twenty-first century. This exploration is a launching-off 

point for this thesis’ engagement with electricity co-provision and richer theoretical 

understandings of processes of sociotechnical change.              
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2 A balancing act: electricity 

supply, society, and environment  

Introduction 

The connection of homes and businesses to an electricity supply network led to an 

“attenuated sense of separateness” when it first happened, in the late decades of the 

nineteenth century and early decades of the twentieth (Nye 1990, 18). There was for the 

first time a permanent, physical link between producers and consumers, which to people 

at the time “opened up so many new possibilities” (ibid, 19). Despite this initial 

euphoria as the fruits of industrial revolution travelled through copper wires and directly 

to public spaces and into people’s homes, contributing to the creation of a “new 

experience of night space” (ibid, x), domestic electricity provision today reflects the 

same trend as consumption of other commodities, which has continued to become 

further removed from production as a result of efficient transport and mass production 

(Geels 2004). If anything, today’s plug sockets, substations, and transmission wires act 

as a barrier between electricity consumers and producers. Social scientists researching 

in the field of environment and development have a lot to say about the separation of 

production and consumption in general (see for example Miller 1995; Princen et al 

2002). For electricity supply in particular, this separation has seemingly led to low level 

of ‘electricity literacy’ in society, a situation where the lay person has limited 

knowledge of the technical processes involved in delivering electricity to their plug 

socket.
11

 This is compounded by the fact that the institutional structures that have grown 

up around these technical processes are themselves very complex, making the entire 

chain of supply, to many, an opaque and esoteric phenomenon.       

It is for this reason that seemingly straightforward solutions to the environmental 

stresses associated with electricity provision, such as the installation of more renewable 

capacity, are in fact not as straightforward as they at first appear to some of their 

supporters; which is not to say that they are as far-fetched and naïve as they are 

sometimes made out to be by their detractors. This chapter presents the UK’s electricity 

                                                 
11

 This impression is supported by some focus group research with energy consumers. See for example 

Winther and Ericson 2012.  
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supply system as a series of interdependent balancing acts that must be performed in 

order to ensure a resilient supply, the minimisation and eventual eradication of 

environmental degradation and climate change caused by electricity supply, manageable 

costs, and fair distribution of access to and decision-making power over electricity. 

First, the difficulties entailed in balancing supply and demand on the UK’s centralised 

bulk supply network are examined. This network is currently entirely demand-led, 

meaning managers’ challenge is to ensure that generation is flexible and reactive 

enough to keep up with a highly variable load. Incorporating generation capacity which 

varies depending on the prevailing meteorological conditions, such as wind power, adds 

a new dimension of complexity to this challenge.  

A potential solution to the problems of balancing supply and demand on a network with 

a higher level of variable renewable capacity is to move supply and demand closer 

together, and allow demand to take some of its cues from supply. This requires new 

technologies which allow generation to be situated next to end use, the network to be 

managed in a different way, and for some electricity to be stored for use later. The 

introduction of this new technology into existing system arrangements requires another 

balancing act that intersects with balancing acts already being performed. How can the 

costs of new technologies—and the network upgrades their introduction would entail—

be balanced with the negative social impacts of the rising price of electricity? How do 

the costs of these technologies balance against investing more in other capital-intensive 

infrastructure projects? How should all of these costs be distributed now and inter-

generationally?  

This chapter, having explained in more detail the technical processes and institutional 

structures involved in network balancing—managing supply and demand across the 

grid—goes on to introduce the technologies that make possible electricity co-provision, 

where supply and demand are linked more closely than is currently the case. Finally, it 

presents an analysis of the market, regulatory, and legislative environment into which 

co-provision technologies are struggling to make progress as an alternative technical 

solution to a low carbon transition in energy provision. This initial analysis serves as a 

starting point for later chapters’ examinations of theoretically richer approaches to 

understanding sociotechnical change. 
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2.1 Demand-led centralised supply 

Electricity in a developed country context is a supplied commodity. Harris divides the 

electricity supply chain as follows: sourcing of energy resource; electricity generation; 

high voltage transmission from central, interconnected ‘bulk’ generation plants; low 

voltage distribution within consumption areas; measuring and assigning to parties 

consumption data, called ‘metering;’ and the retail or ‘supply’ of end-product electricity 

(2006, 21). This supply chain is not quite as straightforwardly linear as such a 

conception would suggest: where there is distributed, or embedded, generation of 

electricity—a small wind farm, for example—this bypasses the high voltage 

transmission network and goes straight onto the low voltage distribution network; 

electricity can travel horizontally between distribution networks as well as just 

vertically from transmission network to distribution network; and metering is conducted 

all along the chain, not just at a particular point in a vertical chain (ibid).  

Consumed Electricity Generation Mix, UK 2010-14 

 

Figure 1: UK Electricity Generation Energy Mix 2010-14 Source: DECC 2015a 
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Between countries, there remain at a macro level some broad lines of variation in the 

technical and institutional arrangements involved in electricity supply. For instance, the 

precise mix of generating modes represented in a network’s installed capacity and total 

consumption varies from country to country, as well as over time within countries (see 

Figure 1). Centralised generation-transmission networks can span a country, or be more 

institutionally segmented, such as is the case in Denmark (Cumbers 2012). How far 

systems are institutionally vertically integrated, i.e. how many organizations own and 

control the various links in the supply chain, also varies radically between different 

national systems. Systems also vary from one another depending on how monopolized 

they are along either a functional dimension—which is determined by how many of the 

links in the supply chain are conducted simultaneously by competing organisations—or 

a spatial dimension, which is determined by whether more than one organization can 

compete to take part in electricity provision in one physical locality (Wollmann et al 

2011; Coutard et al 1999). The nature of many functions and spaces within electricity 

supply is that they are natural monopolies, but certain technological advancements in 

the last few decades represent a challenge to this order (Walker 1986). Competition 

issues in utilities are discussed further below.  

2.1.1 Competition versus guaranteed service 

In general, electricity supply is deemed to be a public service. Wollmann and Marcou 

observe that ‘public service’ is a diffuse term but that it “exists… as soon as 

government acknowledges that it has to achieve a certain level of coverage of collective 

needs considered as essential, and that that level cannot be attained merely by matching 

supply and demand on a market” (2011, 3). Clearly, ‘essential collective needs’ is a 

subjective measure which can vary between contexts (ibid). Nonetheless, in all western 

countries, and a rapidly-increasing number of other countries, round-the-clock 

electricity supply to dwellings, businesses and public spaces is considered to be an 

indispensable facet of civilization. Centralisation, standardisation and societal embrace 

of ‘bulk’ power has led to ubiquitous, limitless electricity supply becoming enshrined in 

the legal-political frameworks of all these countries and forms strong social norms in 

many of these countries’ cultural traditions. The entire global economy is increasingly 

becoming organized around the idea that this level of coverage constitutes an ‘essential 

collective need.’   
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However, despite the onus placed by this definition on government to guarantee the 

‘basic’ level of coverage, it does not exclude market mechanisms as a means of 

provision; in fact, in Europe waves of liberalization have led to the situation whereby 

ostensibly competitive markets are a key institutional mechanism for electricity supply 

(Wollmann and Marcou 2011). As stated, the United Kingdom’s national electricity 

supply industry (ESI) was privatised by the 1989 Electricity Act. This meant that the 

generation and retail of electricity became competitive markets that were, at least in 

theory, open to all actors. Other sections of the electricity supply system, namely the 

transmission and distribution networks, became monopoly concessions awarded to 

private companies (see Figure 2). Similar privatisations occurred in all EU countries 

throughout the 1990s, either as a result of government policy or because of the 

imposition of various facets of European competition law (Wollmann et al 2011). The 

institutional ‘unbundling’ of electricity generation-transmission from supply, legislated 

for by the 1989 Electricity Act and subsequent Europe-wide liberalisation directives 

(ibid), meant the establishment of two parallel electricity markets: the wholesale market, 

which deals largely with the physical trade of electricity, i.e. generators are paid by their 

customers to put a certain amount of electricity onto the transmission network; and the 

retail market, which is virtual market, i.e. licensed retailers merely meter and bill their 

customers’ electricity usage, without themselves having to supply a product (Harris 

2006).  

Once established as institutional entities, however, markets needed a tranche of 

European and national regulation in order to ensure that they were open and that basic 

universal coverage continued (Wollmann et al 2011). Some of this regulation had to 

respond to the “unprecedented wave of mergers producing ever fewer and larger 

enterprises” precipitated by faulty legislation which aimed to improve competition, but 

in practice achieved the opposite (ibid). Guy et al observe that concurrently 

privatization led to the “replacement of… the ideal of affordable, reliable universal 

access to utility services… [with] the goal of profitability” (1999, 159). To ensure that 

this shift in industrial logic did not impair public service provision additional regulation 

was also required (Wollmann and Marcou 2011). Taken together, Wollman et al 

observe, this bundle of private utility regulation is indicative of “the search for an 

acceptable trade-off between competition and guarantee” (2011a, 3).  
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The UK Electricity Supply Chain  

 

Figure 2: The UK electricity supply chain with annotations detailing the institutional arrangements 

for the supply of electricity in the UK. Design: the author, based on information from Harris 2006; 

Elexon 2013 

 

2.1.2 Balancing and reserve  

Guaranteed service is a technical, as well as an institutional challenge. The biggest 

challenge of operating any national electricity grid is balancing supply and demand at 

all times. If demand outstrips supply, or vice versa, then then this imbalance can lead to 

a service interruption, meaning blackouts. Electricity is generated by power stations, 
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and is transmitted at high voltage onto the national transmission network. This is a 

physical grid, owned and operated by the network operator, the international 

corporation National Grid Plc. Retailers can either purchase electricity bilaterally from a 

specific generator, or for a spot price from the power exchange, which operates like a 

stock market for electricity. When traded in this way, electricity is packaged as 

generation (MW) per half hourly interval, beginning at 00:00; this means that 

throughout a given day there are 48 generation windows, for each of which the 

wholesale price of electricity (£/MWh) fluctuates.  

Retailers can purchase electricity weeks in advance, right up until one hour before a 

given generation window. Once contracts between generators and retailers are finalised, 

generators submit their planned output for an upcoming generation window to the 

network operator, which has the responsibility for matching supply and demand across 

the grid. The network operator matches its forecasted demand for each half hourly slot 

against the sum of notifications from generators in order to ascertain if an imbalance in 

supply or demand appears likely. If the network operator forecasts an imbalance, based 

on the contract notifications from generators, then it can purchase balancing services. 

These services imply an increase or decrease in generation by particular generators, as 

required, or an increase or decrease in demand from retailers or large consumers, as 

required. Each service costs a different amount, and the network operator is mandated 

by its licence to find the most economical balancing option.  

Balancing forecasted supply and demand ahead of time does not guarantee that the 

network will balance in real time, however. Technical faults leading to a drop in 

forecasted supply or deviations from forecasted demand can cause an imbalance. An 

imbalance is signalled when, during a given half hour, the frequency across the entire 

grid deviates, within a narrow band, up or down from the 50Hz standard. In order to be 

able to avoid any service interruptions caused by system imbalances national grid 

purchases two forms of reserve. One of these reserves is in the form of generation 

capacity—called spinning reserve—but includes negative capacity in the form of 

generation that can be taken offline quickly. The second type of reserve purchased by 

the network operator is interruptible load. This is demand that can be taken offline at 

short notice. Payment is made for this spinning reserve and interruptible load for 

availability within a given time window. If the reserve is called upon because an 
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imbalance has arisen, then additional payment is made on top. Both availability and 

utilisation of reserve—capacity and interruptible load—are paid at various rates of 

pounds per megawatt hour (£/MWh). Clearly, for a generator to be able to supply 

spinning reserve it must be reactive enough to ‘ramp up’ or ‘ramp down’ its generation 

at seconds’ notice. Not all modes of generation are this reactive, and so are not suitable 

for operating as reserve in a system. The national capability to meet demand at all times 

currently relies on a certain proportion of installed generation capacity to be reactive to 

peaks and lows of load, as is explored below.     

2.1.3 Base and peak loads  

A portion of overall energy demand is base load, which is the energy required all the 

time, and powers items such as refrigerators all day. Peak loads refer to the times of the 

day or year when demand is highest. The pattern that this variation takes is the load 

profile. Part of forecasting supply and demand is anticipating when the peaks in load 

will occur.  

Example of the UK Daily Electricity Load Profile  

 

Figure 3: An example of the daily load profile in the UK. Reproduction. Source: 

www.greycellsenergy.com
12

 

                                                 
12

 https://greycellsenergy.com/index.php/2015/08/21/load-duration-curves-and-peak-demand/ 
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No one type of power source is sufficient to provide electricity for diverse demand 

(Harris 2006). A more diverse a range of generation modes within an electricity supply 

system—the generation mix—will generally make that supply more economically 

efficient and reliable (Summerton 1999). This is largely to do with the load profile that 

the electricity grid must supply (see Figure 3). Some types of power sources translate 

into generation modes with a high marginal cost of production, which makes them 

better suited to providing base load, while power sources that translate into generation 

modes with a lower marginal cost are useful ‘peaking plants,’ which can be used to 

cover the ‘shape’ in the load profile (Harris 2006).   

2.1.4 System resilience: a question of flexibility  

The marginal cost of generation is not the only or most important variable in a national 

generation mix, however. Generation modes, which are a product of both a power 

source and a generating technology (Harris 2006), vary from one another on the 

grounds of how reactive they are. As stated, the reactivity of a particular generation 

mode is measured by how fast it can ‘ramp’ up or down following fluctuations that 

could lead to an imbalance. For example, nuclear fission reactors cannot, for safety 

reasons, undergo thermal changes as quickly as coal-fired generators, meaning they are 

not as reactive (ibid). Across the sum of installed generating capacity feeding a 

transmission grid, there must, currently, be a sufficient level reactive power to ensure 

that on the network as a whole there is the required level of ‘inherent flexibility’ needed 

to deal with the wildly variable load on the network, whether this is as part of balancing 

forecasted load ahead of time, or providing reserve capacity in case of an unexpected 

fluctuation (ibid).  

Renewable sources of power, such as wind, are not unreliable, but they are variable. 

The introduction of a variable power source to the mix reduces the inherent flexibility 

of installed capacity, which increases the immediate challenge of network balancing. 

Wind farms, for example, produce a variable electricity output related to wind speed, 

which means that they cannot necessarily always be counted on as reactive power, and 

it is much more difficult to ‘plan’ their service. This is not a forecasting issue: their 
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output is very predictable, but cannot be altered to fit demand.
13

 In a country like the 

UK—which has a good endowment of wind resource
14

—variable output could be 

managed across a more highly wind-powered grid without resilience being 

compromised (Sinden 2005). However, in the short to medium term, under current 

system arrangements, the capital costs of network upgrade and spinning reserve 

necessitated by the replacement of flexible and non-variable coal and gas generation 

capacity with less reactive renewables has the potential to significantly increase 

centralised network operation costs (Short et al 2007; Geels et al 2015). 

The level of flexibility required for a resilient supply is not a fixed variable, however. 

The required flexibility of installed generation capacity is dependent on the load factor: 

the ratio between base and peak load. The greater the load factor, the more flexibility is 

required across the network to ensure resilience. Figure 4 shows the load profile of total 

UK energy consumption for the years 2012-15. It demonstrates a poor load factor for 

the UK’s energy systems as a whole, which is largely a product of seasonal variation in 

domestic energy consumption. The transport sector, with its large load but 

comparatively smooth load profile, has led some analysts to suggest that the 

electrification of currently fossil-fuelled transport could help to improve the load factor 

for electricity systems that must increasingly serve more of the domestic heating load 

(Eyre 2010). Further to this, in the current energy policy discourse, there is emphasis 

placed on the role of demand side participation (DSP) in managing load profiles—and 

total consumption—as a means to improving the load factor for electricity systems. As 

is discussed below, the notion of co-provision, as well as providing a means to increase 

the proportion of renewable generation in installed capacity, also offers the opportunity 

                                                 
13

 A third factor, related but not entirely the same as variability is ‘availability’ (Harris 2006). If energy 

sources are only available part of the time then extra capacity elsewhere needs to make up for the times in 

which they are unavailable. Individual hydroelectric energy sources, for example, while highly reactive, 

might be subject to seasonal variation—linked to precipitation—in the availability of their capacity. 

Sources of power that are not available all the time are described as intermittent. Sometimes intermittent 

sources can also be variable, such solar power sources are only available during daylight hours, but also 

vary in output according to cloud cover. In the interests of brevity, ‘variable’ will be used throughout 

from this point out as a catch-all term for either variable, intermittent, or variable and intermittent (see 

Sinden 2005).    
14

 There are various metrics for what constitutes a good endowment of wind resource. The UK’s is good 

primarily in the sense that The UK’s climate and aspect with regards to the Atlantic winds means that 

turbines generate electricity 80-85% of the time, with extremes of low and high winds tending to be 

confined to relatively small geographical areas. Average capacity factor for wind generation is 27% 

(Sinden 2005); this is higher than both Germany and Denmark, both of which already manage their grids 

with a far higher proportion of wind generation.  
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to improve the load factor for centralised electricity generation-transmission 

infrastructure.       

UK Final Energy Consumption by User 2012-15  

 

 

 

 

 

 

 

 

 

2.2 Alternatives to centralised bulk power 

The dilemma facing electricity systems, then, is not so much the lack of a renewable 

power resource; there are available a suite of renewable generation technologies, 

including wind and water turbines, photovoltaic arrays, combined heat and power units, 

and so on. These are well-developed enough to in theory deliver a large proportion of 

the volume of an industrial society’s total energy needs (GEA 2012). The technical 

challenge, rather, is to not constrain societal energy consumption with the impractical 

need to adapt energy practices to fit with the daily and seasonal times of peak renewable 

generation. One answer to this dilemma is to continue to invest heavily in the 

centralised bulk supply network, expanding renewable capacity more modestly while 

Figure 4: Total energy 

consumption (includes home-

installed gas boilers) in the UK by 

user type. Reproduction. Source: 

DECC 2015c 
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building large infrastructure projects, such as nuclear power stations. These are able to 

provide base load, but would require large amount of spinning reserve to make up for 

the lack of flexibility offered by a renewables and nuclear mix. It appears likely more 

gas generation will be used in the short to medium term to supply this
15

.  

Alternatively, there is another option. This option is for supply to be brought closer to 

demand in order to be managed more locally; and for, opposed to demand always 

leading supply, flexibility being built into the relationship. This option has been around 

for some time, in various forms
16

, but is well conceptualised in the notion of electricity 

co-provision (Watson 2004). This is defined in the literature as: “‘the provision 

(including generation, treatment, distribution and consumption) of utility services by a 

range of new intermediaries (e.g. consumers themselves, other organisations or sub-

networks), alongside or intermingled with centrally provided services (e.g. public 

networks or grid provision’” (Vilet and Chappells 1999, in Watson 2004, 1983). This is 

a broad definition, and can include many elements of electricity production and 

consumption. Managing household energy consumption with efficiency measures and 

the installation of efficient or energy-saving technologies is a form of co-provision; so is 

generating all of a household’s supply of electricity with an array of solar panels and 

combined heat and power (CHP) units installed on the property. This definition of co-

provision is not limited to these types of measures, both of which are taken at the level 

of the individual. There are also a range of new institutional forms and distribution 

structures, discussed below, that would also constitute models of electricity co-

provision (Watson 2004).  

As such, co-provision does not prescribe a particular model for electricity provision; it 

is a concept that makes possible a more diverse range of options for alternative models, 

some of which will not have yet been imagined. Just as there is technical and 

institutional variation between different centralised bulk supply networks around the 

world, there are infinite possible configurations of technical and institutional modes of 

co-provision. Co-provision describes form, not content. This is to say that simply  

changing the notional relationship between supply and demand in the way described is a 

                                                 
15

 This option reflects current government policy: https://www.gov.uk/government/speeches/amber-

rudds-speech-on-a-new-direction-for-uk-energy-policy last accessed 11.05.16  
16

 See Vliet and Chappells 1999; Chappells 2000; Lasseter et al 2002; Watson 2004; Markvart 2006; 

Short et al 2007; Zamora and Srivastava 2010; Wood 2007 
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means to—among other things—increase significantly renewable generation as a 

proportion installed capacity, regardless of exactly how this is achieved in terms of 

precise technical and institutional arrangements. This notwithstanding, however, there 

are in practice some generic technical challenges entailed in implementing electricity 

co-provision at a scale pervasive enough to offer a viable alternative to centralised bulk 

electricity supply arrangements. Meeting these technical challenges requires two key 

elements to be incorporated into electricity supply arrangements: automated reactive 

controls and electricity storage. These are examined further below. 

2.2.1 Controls: electricity in the information age    

As with all areas of social and economic life, advancement in information 

technologies—widely defined to include all “electronic technologies associated with 

data collection, storage, processing and communication” (Sioshansi and Davis, 1989)—

has profound implications for electricity supply. The below aptly demonstrates that the 

understanding of the significance of information technology for electricity supply is not 

new:  

“The technical and economic relations which have evolved [in the energy 

sector] in past decades, the institutional structures in which they have 

become embedded, and the economic and social values influencing choices 

in technology, have to a substantial degree been a function of the historic 

capacities to collect, control, process and use information.” (Walker 1986, 

468)      

Significantly, the ability to collect and respond to in real-time large quantities of data—

not only on consumption but on grid performance indicators such as wave frequency, 

faults, and so on—at different points in a network is a requirement for a decentralised 

model of networked electricity generation and supply with more options for demand 

side involvement. These ‘controls’ made possible by information technology can 

effectively eliminate the network operation difficulties and costs involved in centrally-

deployed renewable technologies with variable output by organising distributed forms 

of renewable generation into ‘microgrids.’ These can operate either as part of the wider 

centralised bulk network—primarily as a consumer with a reduced, interruptible, and 

less variable load, but also sometimes as an electricity exporter—or as an islanded 

supply (Lasseter et al 2002; Markvart 2006; Short et al 2007; Zamora and Srivastava 
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2010). Reasons for temporary islanding could include taking load or capacity off the 

main grid as a network balancing measure, or network failure necessitating locally-

produced power kicking in to avoid loss of service (Lasseter et al 2002; Zamora and 

Srivastava 2010).   

Microgrids allow renewable forms of power generation to be placed close to the site of 

electricity consumption, thus eliminating the inefficiencies and hardware costs of long-

distance transmission.
17

 When connected to a wider network the decreased resilience of 

supply associated with un-networked forms of distributed generation is well mitigated. 

End-users can be saved money while network operation difficulties and costs are 

reduced by having locally-generated electricity kick in at peak demand times, 

smoothing load profiles and meaning that purchase of bulk electricity could as far as 

possible be limited to the cheaper off-peak generation windows. This principle has been 

shown to be technically viable (Zamora and Srivastava 2010), and with the efficiency 

savings offered over time the capital investments required for distributed generation 

hardware purchase and installation need not be prohibitive (Markvart 2006). The key to 

maximising these savings and ensuring that networked distributed renewable generation 

provides the highest possible level of economic and environmental benefit, however, 

involves introducing electricity storage into the mix.  

2.2.2 Electricity storage: the missing link?   

Under current arrangements for centralised bulk electricity supply, storage of excess 

electricity produced at times of low demand is limited to just a few sites around the UK 

where water is pumped up hill into reservoirs above hydroelectric generators. There is 

huge potential, however, to increase electricity storage capacity via a range of 

technologies (see Table 1). Most forms of storage itemised in Table 1—the exception 

being electromagnetic storage—require an energy conversion from electrical energy 

into other forms of energy. Mechanical storage, for example, involves converting 

electrical energy into potential energy or rotational kinetic energy, while batteries and 

chemical energy storage use electricity to trigger reversible chemical reactions, thus 

converting electrical energy into stored chemical energy. Energy storage for excess 
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 Today’s power systems, in terms of energy from primary fuel to end-user energy service, are 35%-40% 

efficient (Markvart 2006). A significant portion of inefficiency is a result of transmission losses.    
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electricity, then, is no different to burning fossil fuels, wood, or even eating plant and 

animal matter in that all are ways for humans to convert stored energy into useful 

energy. The salient distinction between this and the technologies shown in Table 1 is 

that these technologies are engineered processes designed specifically to be integrated 

into electricity generation-transmission systems so that excess electricity generated at 

times of low demand can be saved for later, thus potentially helping to solve altogether 

the problem of variability and intermittency in renewables (Institute of Mechanical 

Engineers 2014).                        

Energy Storage Technologies for Excess Electricity 

 

Table 1: Energy storage technologies for integrating into centralised and distributed electricity 

generation and generation-transmission systems. Source: Renewable Energy Association 2015. 

 

The range of storage options available vary in their levels of current technical-economic 

viability and some of the options will be more appropriate than others depending on 

variables such as scale and geographical location (REA 2015). Pumped hydro storage, 

for example, requires steep relief and an available reservoir while gas compression—

although possible on a broader range of sites—involves large scale engineering projects. 

Because of the inefficiencies of transmission, which will be compounded by energy 

losses during the energy conversions required for storage, distributed forms of storage 

that minimise the distance between generation, storage and end-use will prove most 

efficient in the long run. Batteries—and conventional lithium-ion batteries in 
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particular—are currently among the most commercially viable storage options and, 

although they can be linked together into large, central scale storage banks, individually 

are small enough to be installed into individual homes and automobiles. This means 

that, in theory, integrated micro generation and storage technologies could make 

organisational entities as small as a household into their own self-contained microgrid, 

able to interface with a larger network as a consumer with interruptible load or as a 

reserve capacity exporter.    

2.2.3 Distributed micro generation and storage networks: 

electricity for twenty-first century power needs   

With technology still in its infancy, costs still high, and a legal-political environment 

that does not yet recognise the grid capacity value of distributed storage there is no 

retail market as such for distributed micro generation and storage systems. A small 

number of products are available, however, for bespoke installation. One such product 

is the Maslow system, designed and distributed by Moixa Group, a UK technology firm. 

The design rationale for the Maslow system provides a very interesting sociotechnical 

perspective on how changing power needs are shaping twenty-first century electricity 

supply systems. Chapter 1 explains how the invention of voltage transformers that 

worked with alternating current (AC) solved the long distance transmission issue that 

was a critical problem causing a reverse salient in the expansion of direct current 

generation-distribution systems (Hughes 1983). Ultimately DC systems were replaced 

entirely by AC systems as a result of a combination of commercial pressures, 

sociopolitical change, and eventual standardisation legislation (ibid). The result is that 

since 1928 all power delivered to homes and businesses in the UK has been polyphase 

AC; since 1960 this has been delivered at a standard 240 volts. This standard has been 

embedded into the built environment in the design of plug sockets; electricity-using 

artefacts which run on DC power at lower voltages, such as mobile phones and 

computers, come with adaptors—either built in or incorporated into their charging 

devices—which transform the current. 

A document that Moixa Group submitted as support for their successful patent 

application for the Maslow system points out that, as ownership of DC-using devices 

grows, and as efficiency technology allows more types of electricity-using artefacts to 
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be powered by DC, load requirements are changing
18

. The document draws attention to 

the fact that—according to some estimates—there are 10 billion adaptors now in use 

worldwide; by these same estimates the energy loss through heat generated by these 

adaptors could be, staggeringly, around 2-3% of national electricity demand. Even if 

actual energy losses from power conversion were a quarter of such an estimate, this 

wastage would equate to the annual electricity demand of hundreds of thousands of UK 

households each year. The trend in low load technology becoming an increasing 

proportion of household load does not seem likely to slow or reverse, the document 

suggests, and therefore the hardwired legacy of an exclusively AC generation-

transmission system appears sub-optimal for the twenty-first century.  

The Maslow system, Moixa suggest, is a solution to this sub-optimality. The system 

combines distributed micro generation technologies—such as photovoltaic panels—

which generate DC current, a wall-mounted lithium-ion battery, wiring, and sockets that 

in essence allow for the “provision of low power DC supply in building circuitry to co-

exist alongside or partially replace AC circuitry”
19

. The system also includes controls 

that allow its owners to monitor their DC generation and usage on a computer that 

receives real time data. The significance of this invention for electricity supply is that it 

is now technically feasible to have more than one electricity supply system operating 

simultaneously; this is not just within a country, in different municipalities, as was the 

case in the late nineteenth and early twentieth centuries, but within one building. While 

such a system could work as an islanded supply within one household, a change in the 

legal-political environment could allow distributed micro generation and storage 

systems to be linked into networks of community, municipal, even regional and national 

scales. This would be a balance, as larger networks are more resilient, but technical and 

administrative complexity is increased. Regardless of scale, a distributed, on-site micro 

generation-storage system for low power DC supply would complement—as opposed to 

compete with—a centralised bulk AC electricity supply system and—between storage 

and interfacing networks—loads could be better configured to suit the most economic 

and low carbon generation times.  

                                                 
18

 (WIPO document WO2010029315, patent application PCT/GB2009/002193, 2009). 
19

 Supra note 18, emphasis added. 
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2.3 Competition and a ‘low carbon transition’: 

regulation and policy   

As stated, in the current infrastructural and regulatory conditions the Maslow system 

and others like it are still not a commercially viable option for the majority of consumer 

markets, and investors may feel cautious of such inventions given uncertainties around 

how long it will take for this situation to change. The largest point of contention is grid 

access. Owners of micro generation must apply to the distribution network operator 

(DNO) for permission to connect. Strains on a distribution network in need of expensive 

upgrade mean it is not possible for the DNO to approve all such applications, and the 

hearing process takes time and can prove very costly for the applicant (interview 001). 

In order to be able to operate as a distributor of energy using the distribution network, 

even for pooling distribution within a local neighbourhood, an owner of micro 

generation must be a licensed supplier. The initial costs of becoming a licensed supplier 

can be very prohibitive for small organisations with limited capital.
20

 Finally, the 

contracts for selling balancing and reserve services to the grid are still written as if both 

parties are a large company, which again creates a barrier for small entrants to a co-

provision marketplace (interview 003).  

2.3.1 Non-traditional business models  

There are some signs that this may be changing, however. For instance, in 2015 the UK 

energy regulator, Ofgem, opened up consultation with a group of certain “new entrants 

to the energy market” that satisfied its own definition of ‘non-traditional business 

models’ (Ofgem 2015). Many of these business models incorporate the co-provision 

technologies and distribution arrangements outlined above, and the actors covered in 

Ofgem’s definition of NTBM include companies that facilitate individuals to sell their 

excess solar energy to their neighbours; local authorities, housing associations, and 

community groups that want to increase community-level participation in energy 

provision; and companies that facilitate demand-side forms of participation and half-

hourly metering for small consumers (Ofgem 2015). The stated intention of Ofgem’s 

consultation was to find out from these NTBMs themselves about regulatory barriers 
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 ‘Licence Lite’ is an adapted form of license designed to help smaller organisations become licensed 

suppliers, but Ofgem acknowledges that more work remains to be done in this area (Ofgem 2015) 
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which may harm their competitiveness. The regulator expressed a desire for as many of 

these barriers to be removed as is possible without harming the welfare of consumers.  

In the foreword to the consultation document, Ofgem’s chief executive officer, Dermot 

Nolan, reiterates the regulator’s “firm view of the importance of innovative and 

‘disruptive’ business models,” and cites the need to improve customer choice and the 

general competitiveness of the market (Ofgem 2015, 3). This issue of competitiveness, 

and how to improve it where it appears to be lacking, has been a clear focal point in 

policy and the related literature since privatisation (Thomas 2010); and no less so for 

the overhaul in market design implemented in England in 2001 and extended to 

Scotland and Wales in 2005.  

The British Electricity Transmission and Trading Arrangements (BETTA) allow 

generators to enter into bilateral contracts with retailers, the details of which are allowed 

to be confidential. Vertical integration of generation and retail has been permitted under 

trading arrangements since 1998, after which it was only a few years before all of the 

independent retail companies around at the time had folded or been taken over by six 

large companies which, combined, controlled over three-quarters of the UK’s total 

generation capacity (Thomas 2010). Despite there being some new independent entrants 

to retail markets in recent years, this domination of generation and retail by a small 

number of opaque, vertically integrated companies remains to be viewed as a barrier to 

entry for new competition that is sufficiently serious to precipitate the Competition and 

Markets Authority (CMA) investigation that concluded in early 2016
21

. 

This investigation was launched after Ofgem received sustained criticism from the 

media, consumer groups, and some senior politicians over its perceived failure to 

properly ensure that savings made by the drop in international primary energy prices 

were passed onto consumers by the so-called ‘big six’ energy companies. The media, 

consumers’, and politicians’ suspicions of a vertically integrated oligopoly with an 

estimated combined 92.4% share of the retail market are understandable. Since the 

market reforms of 2001 and 2005, when there has been a dramatic fall in the wholesale 
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 There had been some speculation in the media ahead of the publication of this report that it would 

recommend the breaking up of large vertically integrated companies. In the end the most significant 

recommendation to come out of this long investigation was, however, that companies voluntarily 

improved measures to encourage their customers to switch suppliers if a competitor was offering a better 

deal.   
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price of electricity on the “visible” wholesale market, i.e. the electricity traded on the 

national wholesale electricity exchange, there has been no way of knowing whether this 

is reflected in the confidential bilateral contracts that make up the majority of electricity 

sales to retailers (ibid). This visible market, Thomas suggests, is little more than “a 

clearing mechanism for generators with surplus electricity” (ibid, 12). The lack of 

transparency in the majority of wholesale electricity sales to retailers makes it difficult 

for government and regulator to assess the difference between wholesale costs declared 

by retailers and the internal pricing of generation. 

2.3.2 Social implications of pricing structure 

There are grounds for linking substantial rises in prices since the early 2000s with 

negative social phenomena. Energy prices, along with low incomes and poor building 

standards are a causal factor in fuel poverty (Herrero and Ürge-Vorsatz 2012). There are 

various measures for fuel poverty in a developed country context, where definitions 

tend focus on affordability issues that force lower income households to adopt energy 

practices, especially with regard to space heating, which could be considered 

detrimental to health, wellbeing, and opportunity. The DECC reports that roughly 10% 

of UK households are currently fuel poor.
22

 Evidence from multiple fuel poverty studies 

at household level highlights a range of cumulative and severe detrimental health and 

social outcomes, which these studies show to be linked with the under-heating of homes 

that are in this predicament (Liddel and Morris 2010 provide a synthesis). In addition, 

there are large scale epidemiological studies that report rates of hospital admittance for 

catastrophic coronary and pulmonary events—strongly linked to temperature—are more 

sensitive to seasonal variation in geographic areas with high vulnerability to fuel 

poverty (ibid).    

Overall rises in average prices are a contributory factor to resurgent levels of fuel 

poverty, which fell throughout the late 1990s (Bolton 2014). Average price rises are 

also exacerbated by a pricing structure that exacerbates these rises for groups already 
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 This figure is derived using the Low Income High Costs (LIHC) definition of fuel poverty, which 

replaced the so-called 10% indicator—where fuel poor households are all of those that spend 10% or 

more of their income on energy—which counted a higher proportion of households as fuel poor. A 

Government-commissioned report, which recommended the change, argues for the improved accuracy of 

the LIHC indicator (Hills 2012). However, some organisations which work with vulnerable people in the 

UK claim that the new indicator masks the true extent of this problem.      
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vulnerable to fuel poverty. As noted previously, privatisation meant structural changes 

to pricing, including the end of standard tariffs and cross-subsidisation. Guy et al 

identify a practice that emerged at this time, which they term ‘social dumping,’ whereby 

companies can seek to maximise profit by varying tariffs and the level of credit 

extended to different market segments. This is in order to offload customers that 

represent the lowest profit potential, i.e. “the poorest customers [who] are likely to be 

low consumers of utility services with poor payment records” (Guy et al 1999, 163)
23

. 

At the same time, large, higher income consumers of electricity could take advantage of 

competitive discounting made viable by this practice. So-called demand side 

participation opportunities include the option to make cost savings by having bills 

reflect the choice to use more energy at ‘off-peak’ times
24

; under current regulatory and 

market arrangements, these continue to be available only to big consumers. This further 

increases the price disparity between these consumers and more vulnerable groups.
25

   

2.3.3 Regulating for disruption?  

It is understandable, then, that the regulator appears to support—at least in word—so-

called ‘non-traditional’ models which it views as ‘disruptive’ to these current market 

dynamics. It recognises how these are harmful to vulnerable consumers, and emphasises 

the need to improve measures that ensure “all consumers—especially those in 

vulnerable situations—are treated fairly” (Ofgem 2015, 3). In fact the widespread 

diffusion of co-provision technologies, via the market penetration of a diverse range of 

firms and other organisations using them, aligns with more than one potential market 

‘fix’. First, information technology’s use in energy provision calls into question the 
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 The practice of large energy companies using court-obtained warrants to forcibly install pre-pay meters 

into the homes of customers who have fallen behind on their direct debit payments is a visceral example 

of this phenomenon. Pre-paid meters are the most expensive payment method for consumers, and where 

they have been installed for lack of payment a proportion of money put onto them goes towards debt 

recovery, as opposed to providing energy.  
24

 i.e. to have half-hourly billing for electricity use. This then means that the user is billed for the actual 

volume of electricity used within each half hour generating window, for which there is a different price 

that reflects demand at that time. Users who do not have half-hourly billing are ‘settled on a profile’ that 

assumes a certain amount of usage at peak times, and a certain amount at off-peak times. Products such as 

Economy 7 in the UK offer, in effect, 12-hourly billing by billing usage to reflect actual electricity used at 

night. Half hourly billing allows users to profit—or be charged more—for shifting their load around 

between 48, as opposed to two, segments throughout the day.   
25

 A caveat to this is that although DSP has the potential to offer environmental and social benefits, the 

enforced use of half-hourly ‘Smart Meters’ by big energy firms under current institutional arrangements 

could also threaten to penalise vulnerable consumers further, if high costs are passed onto those less able 

to shift their load voluntarily.   
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once-entrenched position that energy systems are natural monopolies (Walker 1986). 

This paradigm shift is a process that has been ongoing since privatisation, which was 

facilitated by control technologies that allowed the establishment of the virtual retail 

market. This allowed multiple firms to compete on one network for the first time (Guy 

et al 1999). Up until now, however, the design and operation of the market—outlined 

above—have placed significant restriction on new entrants’ ability to compete with the 

established oligopoly (Thomas 2010). The regulator expresses the hope that a more 

diverse range of smaller firms which make novel usage of information technologies—

the so-called NTBMs—will now “increase the routes to market available to producers 

and consumers, boosting competition” (Ofgem 2015, 10).  

Trends in the Breakdown of an Electricity Bill Over Time    

 

Figure 5: Actuals and estimates predicting the average trend in the breakdown of a UK electricity 

bill over time. Reproduction. Source: Ofgem
26

  

 

The second “fix” that is a possible outcome of the retail market penetration of 

NTBMs—using distributed renewable generation, storage and control technologies— 

and is desirable from a regulatory point of view, concerns the costs of network 
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 ofgem.gov.uk/publications-and-updates/charts-outlook-costs-make-energy-bills 
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balancing. Ofgem’s most up-to-date estimates have the wholesale component of 

electricity bills actually falling—reflecting the corresponding fall in costs of primary 

fuel—but being offset by, among other things, rising network and operational costs (see 

Figure 5). Among the reasons for the rise in these costs is the increase in variable 

generation capacity, added at the expense of more flexible coal and gas, thus increasing 

the volume of expensive reserve that must be purchased by National Grid and the cost 

distributed as levies on energy bills (Short et al 2007). Also contributing to the rise is 

the investment that is required in the upkeep and modernisation of the transmission 

network hardware. This is expected to total around £35 billion by 2020, which is on top 

of £17 billion invested between 2010 and 2013 (DECC 2014a).  

Distributed renewable generation, on the one hand, requires upgrades to the distribution 

network hardware (see Figure 2) that makes DNOs reluctant to engage with innovative 

business models that incorporate the co-provision technology, because these represent a 

higher short term cost (Geels et al 2015). On the other hand, however, the nature of 

controls, storage, and distributed generation working as microgrids is that they take 

pressure off the national transmission network hardware. There are savings to be made 

in the future investments required in this transmission hardware by investing now in 

more localised distribution of renewable generation (Markvart 2006).  

In addition to the short-term cost implications leading to reluctance from DNOs to make 

this investment now, however, the regulator’s exclusive focus is on improving 

competitiveness and lowering aggregated consumer prices in the short to medium term. 

The irony of this situation is that, in the long run, legislating and regulating to force 

investment by DNOs to allow more distributed generation will save on overall costs of 

network operation—both by managing variable capacity without the need for so many 

reserves, and by reducing the investment needed in long-distance transmission 

hardware—in line with Ofgem’s objective to reduce the price of bills through a 

competitively functioning market. In the short term, however, the costs involved in 

doing so, and the impact they will have on bills, appear to be inimical to Ofgem’s 

mandate to protect consumers. So, while the consultation process for NTBMs may 

reflect the regulator’s interest in their potential for immediately improving competition, 

the chances of any radical regulatory reform—as opposed to something far more 

incremental—seem remote (Geels et al 2015).        
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2.3.4 Environmental policy and energy subsidies  

Government policy on models of energy provision that involve renewable generation 

capacity is similarly conflicted. The Government is committed by its Electricity Market 

Reform Delivery Plan to ensure that 30% of national electricity generation is by 

renewable sources by 2020. On- and offshore wind, biomass, and tidal barrages are 

expected to form a large part of the new power source in this lower-carbon installed 

generation mix (Cass et al 2010). All of these modes of generation are—or at least can 

be—large, capital intensive infrastructure projects. The laying of power cables for on- 

and offshore wind installation is what necessitates the large bulk of investment required 

in transmission hardware (Geels et al 2015).  

Part of the Government’s strategy to encourage investment by developers in renewable 

installations is a consumer-funded
27

 subsidy scheme, the Renewables Obligation (RO) 

scheme. This requires licensed suppliers—retail companies—to purchase RO 

certificates (ROCs) from Ofgem-accredited renewable generators, to whom the 

regulator issued them per MWh of renewable electricity generation. For each year of the 

scheme, the obligation on suppliers to purchase ROCs increased as a proportion of the 

total electricity purchased by that supplier; suppliers that do not meet the obligation are 

charged a ‘buy out’ price for the shortfall, which also increases over the life of the 

scheme. In 2002, for example, the first year of the scheme, suppliers were obligated to 

have ROCs for 3% of the electricity they purchased from generators, or face a ‘buy out’ 

charge of £30 per MWh. By 2014, this had increased incrementally to an obligation of 

24.4% and a ‘buy out’ charge of £43.30 per MWh
28

. Revenue from the buy-out charge 

is redistributed among suppliers who have met the obligation, with those who have 

purchased the most certificates receiving the highest dividends.  

ROCs are issued to all modes of renewable electricity generation. The scheme 

coincided, however, with unprecedented growth in the onshore wind industry. Onshore 

wind, which also produced the cheapest electricity per KWh—not factoring in the 

vagarious associated costs of network operation—of all forms of renewables, has been 

greatly assisted by the subsidy, with the per unit price even dropping, by some 
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 Through ‘green’ levies on energy bills 
28

 https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/48336/5115-renewables-

obligation-statistics.pdf last accessed 12.05.16 
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measures, below that produced by established fossil-powered generation
29

. This 

association has meant that the RO scheme is often popularly referred to—in the media 

and by energy actors interviewed in this study—as ‘wind subsidies,’ or ‘onshore wind 

subsidies.’ Controversially, shortly after the 2015 general election, it was announced by 

the Department for Energy and Climate Change (DECC) that the ROC scheme for 

onshore wind was to be ended in 2016, a year earlier than initially planned, but in 

fulfilment of a manifesto pledge to end subsidies of onshore wind.  

The British Secretary of State for Energy and Climate Change, Amber Rudd, said in a 

statement to the House of Commons on 22nd June 2015
30

 that subsidies were being 

ended early because projections showed that, without further subsidy, by 2020 

deployment of onshore wind would reach the required level—between 11 and 13 GW of 

installed capacity—needed to meet the onshore wind share of the Electricity Market 

Reform Delivery Plan target. “It is imperative that we manage the costs to consumers,” 

said Ms Rudd. “We now have enough onshore wind in the pipeline, including projects 

that have planning permission, to meet this requirement comfortably.” This analysis was 

not shared by the renewable energy industry, some investor groups, or opposition 

politicians. Among the dissenting voices was Tim Waterfield, the Director of Strategic 

Projects at Savills Energy, who warned that “without confidence in future political and 

financial support, investors will lose faith in renewable infrastructure development and 

all of the good work that has been done to help the UK meet its targets to date will be 

put at risk.”
31

               

There is also a sociopolitical dimension to the government’s policy on onshore wind, 

which speaks of a broader challenge involved in the expansion of centralised energy 

infrastructure more generally: extra generation-transmission hardware infrastructure for 
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 Establishing the comparative costs of different modes of generation is a complex issue, and these 

complexities are often exploited for political ends. However,  Bloomberg New Energy Finance research 

found that a drop in technology and installation costs of onshore wind, coupled with stricter EU 

regulation on emissions increasing the operation costs for coal and gas generators, means that in 2016 the 

cost per MWh of onshore wind generation is cheaper coal and gas generation (reported at 

http://www.independent.co.uk/environment/wind-power-now-the-cheapest-source-of-electricity-but-the-

government-continues-to-resist-onshore-a6685326.html last accessed 17.03.16). Due to other factors 

concerning the costs of network upgrade and operation, however, this does not necessarily translate 

directly to the retail market.     
30

 https://www.gov.uk/government/speeches/statement-on-ending-subsidies-for-onshore-wind last 

accessed 17.03.16 
31

 http://utilityweek.co.uk/news/energy-industry-hits-back-at-onshore-wind-ro-early-

shutdown/1142902#.Vuqj0P5wVaQ last accessed 17.03.16 
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increasing supply capacity must be placed somewhere, the closer to densely-populated 

areas the better. This adds to pressures created by competing functions in land use 

systems. The conflict between uses of land that is valued for its ‘natural beauty’ and the 

development of, for example, wind installation is often manifested in planning battles 

between developers and local communities who oppose wind farms (Bassi et al 2012). 

Clearly, there is within government an opposition to onshore wind that goes beyond the 

pragmatic renewables infrastructure considerations about the best use of consumer-

funded subsidy and investor confidence. The Secretary of State’s cabinet colleague and 

Leader of the House of Commons, Chris Grayling, articulated this opposition in 

Parliament when he announced that his “idea of renewable energy does not involve 

covering some of the most beautiful parts of the United Kingdom and the highlands of 

Scotland with wind farms.”
32

    

An outspoken section of Government, then—but also of the media and the public—

object to onshore wind because turbines are perceived to be a ‘blight’ on the landscape. 

The challenge to the expansion of a range of renewable energy infrastructure articulated 

by this view is substantive. While on the one hand biomass derived from energy crops is 

by far the most land-intensive form of renewable energy (Hibbard et al 2014),
33

 its 

impacts on land use are perhaps least viscerally connected to energy provision because 

biomass fuels—wood, soy, oil palm and so on—are largely agricultural products that 

can be transported around the country and are often imported.
34

 Tidal barrages and 

offshore wind interact with marine systems, and although they can cause conflicts with 

local, coastal community and other interest groups, neither is associated with as much 

opposition on the grounds of land use as onshore wind (Cass et al 2010). In its latest 

update—which was still during the height of RO scheme subsidies—DECC’s roadmap 

for achieving the its renewables target indicated that application rates for new 

installations were already “plateauing” and consent rates for planning applications were 

falling; these had gone from 72% to 58% of planning applications approved between 

2011 and 2013 across the UK as a whole, and from 48% to just 31% in England during 

the same period (DECC 2013, 48).  
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 http://www.telegraph.co.uk/news/earth/energy/windpower/11685082/Wind-farm-subsidies-axed-to-

stop-turbines-covering-beautiful-countryside.html last accessed 17.03.16 
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 Although alternatives to energy crops as a primary source of biofuel, chiefly bi-products of other 

processes, have the potential to make it the least land intensive form of primary energy.  
34

  https://www.ofgem.gov.uk/system/files/docs/2016/03/biomass_sustainability_dataset_2014-15.xls last 

accessed 12.05.15 
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2.3.5 A question of distribution 

This trend in public acceptance has often been characterised as NIMBYism
35

, a 

pejorative term that can be used to frame objection to developments as driven by 

parochial interests and a disregard for the wider issue, either through ignorance or 

selfish apathy. It is also a term which implicitly assumes that there will ‘naturally’ 

always exist within a population a certain level of opposition to a given development, 

and that this opposition amounts to an insurmountable limit to how far a given 

technology can expand (see for example Lasseter et al 2002, 21). Cass et al deride the 

NIMBY characterisation for being “inaccurate, unhelpful and an attempt to de-

legitimize and dismiss opposition” (2010, 265). They highlight a variety of broad and 

local factors which influence how particular communities will decide whether and how 

much to resist the installation of new wind power generation in their vicinity (ibid). One 

factor that they acknowledge as frequently emphasised is the distribution of benefits—

i.e. jobs, revenue, cheap electricity—of wind installations (ibid; 257). It appears that 

where communities are more satisfied that most benefits remain in the local area then 

acceptance of wind power is higher (ibid).     

This point is borne out, too, in international comparisons of localised factors relating to 

ownership and control and public acceptance of wind installations. Cumbers provides a 

detailed account of the institutional arrangements of electricity generation-transmission 

networks in Denmark and, drawing attention to their “decentralized and cooperative 

nature,” shows how they have led to a high level of public participation (2012, 197-8). 

In turn, more public control and oversight has ensured benefits of wind are kept public. 

This has led to a higher level of public acceptance; Cumbers cites studies that show a 

high level of public acceptance of, and indeed support for, wind power amongst the 

Danish public, with one study showing it was only opposed by 5% of the population 

(2012, 197). Similarly, in Germany a widespread number of municipality-owned 

Stedwerke have survived waves of liberalisation, meaning the overall level of public 

oversight in German electricity generation-transmission networks remains higher than 

in countries where this is controlled entirely by international markets (Wollmann et al 

2011; Cumbers 2012).  

                                                 
35

 NIMBY = Not In My Back Yard 
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Cass et al’s assessment of community benefits from wind power installation in the UK, 

in contrast, is that they have largely been “limited to voluntary contributions from the 

developer” (2010, 257). A focus group study found that suspicion of developers’ 

motives often meant that the benefits on offer were not enough to sway communities’ 

attitude towards any given development (Cass et al 2010). Perhaps unsurprisingly, then, 

the UK’s achievements in increasing total—on- and offshore—wind generation
36

 as a 

proportion of its consumption are lower than in Denmark and Germany (see Figure 6)
37

.  

National trends in wind generation as a proportion of electricity 

consumption 2010-14   

 

Figure 6: National trends in wind generation as a proportion of total consumption across the UK, 

Germany and Denmark. Sources: DECC 2015a; BEW 2016; Energistyrelsen 2016 

 

Moreover, despite renewable energy’s reputation as being more land-intensive than 

fossil-powered alternatives—and therefore more subject to associated land-use tensions 

(Hibbard 2014)—this is nonetheless a challenge that, in fact, affects all modes of 

electricity generation and, indeed, primary fuel extraction (Harris 2006). The intense 
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and ongoing conflict between community groups, environmental advocacy 

organisations, developers, local authorities and central government over the placement 

of hydraulic fracturing—commonly known as fracking—sites around the UK is 

instructive here. In this case attempts—for geopolitical reasons—to become less 

dependent on natural gas imports have led to spatial expansion of primary energy 

extraction systems, and this has come into conflict with other land use functions, not 

least the aesthetic and recreational functions of land not currently developed for 

industrial purposes. The expansion of hydraulic fracturing has meant, for example, that 

the protected status of some land that is currently designated national park is being 

reconsidered (DECC 2015b).  

Increasing co-provision through the installation of more distributed renewable 

generation that is integrated properly with the grid—with variability managed by a 

mixture of controls and storage—could go some way towards helping the Government 

meet its renewables targets for 2020 and beyond (Markvart 2006; Lasseter et al 2002). It 

could do so while reducing the costs involved in transmission network upgrade and 

operation, as well as negating part of the need for primary fuel extraction, generation, 

and transmission hardware infrastructure to be built near homes or in areas of natural 

beauty. This, then, is also an arena in which legislative and regulatory support for 

NTBMs that use this distributed renewable technology makes strategic sense. Although 

Ofgem—as an independent regulator—does not at this time view climate change 

mitigation as a part of its remit to protect consumers (Geels et al 2015), it does 

recognise that the primary motivation of many NTBMs is facilitating a low carbon 

transition in energy through use of innovative technologies and provision models 

(Ofgem 2015). DECC is in a stronger position to use legislation to support a move 

towards a more renewables-based, distributed generation-transmission system, and does 

so in a couple of ways.  

One of these is DECC’s Community Energy Strategy, which is that by 2020 anywhere 

between 2.2% and 14% of installed renewables capacity should be owned by local 

communities (DECC 2014b). This figure would include community-held shares in 

larger installations
38

 alongside distributed forms of generation, but nonetheless shows a 
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strategic objective—albeit a modest one—to see an increase in the co-provision 

technologies over time. Among other things, community electricity generation projects 

are expected to benefit from a more substantive instrument for stimulating the 

distributed renewables market, the Feed-in Tariffs (FiTs). These are subsidies—also 

funded by ‘green’ levies on bills—paid to all owners of micro generation, paid per KWh 

of renewably generated electricity, regardless of whether this is exported to the grid, for 

which there is an additional market rate paid on top. FiTs, then, can benefit private 

individuals, but also a host of businesses that take advantage of the subsidy (see Chapter 

3). Just like the RO scheme did the onshore wind industry, however, a contentious 

announcement by DECC in August 2015 that FiTs was being cut took the distributed 

solar PV industry—the main beneficiary of the subsidy—by surprise.            

Between the initial announcement in August and the implementation of the cut in 

December 2015, the size of the cut to FiTs was reduced. It went from an 87% reduction 

in rate paid per KWh of solar generation exported to the grid, to a 65% reduction. 

Despite this, the impact on the nascent solar industry—even by the Government’s own 

admission—was substantial. From the time of its introduction by the 2008 Energy Act, 

FiTs was designed to reduce gradually to zero; DECC’s 2015 Impact Assessment (IA)
39

 

of the policy to cut FiTs acknowledged, though, that the unexpected and swingeing cut 

to FiTs had the potential to destabilise employment in the industry, and have an impact 

on deployment of renewable technologies. Along with the cut to the per KWh rate, there 

are also plans for a cap on the total spend on FiTs by 2019, which would further impact 

provision models that use distributed renewable generation technologies. In a statement 

published on the DECC website, it was explained that the Government’s “priority is to 

ensure energy bills for hardworking families and businesses are kept as low as possible 

whilst ensuring... support for low carbon technologies that represent value for money.”
40

           

Summary   

The biggest challenge in operating the national electricity supply network in the UK is 

balancing supply and demand across the grid. This is a task that involves accurately 

forecasting demand ahead of time, and ensuring that the vast array of bilateral and spot 

                                                 
39

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/268221/181213_2013_E

MR_Delivery_Plan_FINAL.pdf last accessed 17.03.16 
40

 https://www.gov.uk/government/news/changes-to-renewables-subsidies last accessed 17.03.16 



  57 

 

market exchanges of electricity between private actors adds up to precisely this amount. 

Further, it requires having the reactive capacity to cope in real time with any 

fluctuations of either supply or demand that threaten to cause an imbalance (Harris 

2006). Network operators, to a great extent, have relied upon flexible forms of 

generation that offer the reactive capacity for balancing the network and maintaining a 

spinning reserve. Among these, coal and gas are the most technically practical solutions. 

As part of a strategy to reduce emissions it is necessary to rapidly replace a lot of coal 

and gas with low carbon alternatives. The strategy in the UK is to use nuclear and a 

modest amount of renewable energy to do so. Of these, nuclear is not as reactive, and so 

reduces the inherent flexibility of a generation mix; renewables such as wind are 

variable in their output, meaning they cannot always be ‘planned’ into balancing and 

reserve measures. As such, the leading ‘low carbon’ options for the UK electricity 

supply network represent a net loss in the flexibility of installed generation, not to 

mention a sizeable investment in upgrading the energy infrastructure.           

Co-provision is an alternative to centralised bulk supply as the form electricity 

provision takes. In essence, co-provision moves supply and demand closer together in 

order to manage the relationship more locally. It usually involves a recalibration of the 

entirely demand-led model of electricity distribution used under current centralised bulk 

supply arrangements, with a wider range of demand side participation options made 

available to small consumers involved in electricity co-provision (Watson 2004). The 

major benefits of co-provision are that it allows a larger proportion of energy demand to 

be met by renewable electricity generation, and manages the variability of this demand 

within a local area. This smooths the profile of load on the grid, thus reducing overall 

requirement for flexibility and paving the way for more low carbon options to be 

incorporated into a leaner centralised supply, which provides base load and back up for 

distributed generation-transmission networks. Pervasive co-provision of this type 

requires three major technological inputs: micro generation, controls, and storage. Of 

these, micro generation is the most mature and already represents a buoyant consumer 

market. Without control and storage, however, micro generation cannot offer the full 

range of possibilities entailed in co-provision. These technologies are also starting to 

emerge and move down the cost-curve, with patents for integrated co-provision systems 

already granted.   
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Aside from the technological dimension, however, the regulatory and legal-political 

environment in which organisations pioneering electricity co-provision operate is still 

creating barriers to the more rapid diffusion of the attendant technologies, and the utility 

market penetration of businesses that offer co-provision options. Competition-related 

issues with current market structure, which the energy regulator is committed to 

solving, appear to be creating an opportunity for regulatory reform, although concerns 

over the infrastructure costs involved in ‘opening the flood gates’ to co-provision are 

stalling more radical progress in this area (Geels et al 2015). The legislative situation is 

also impeded by political concerns over costs, and debates over how to legislate for co-

provision augment other ongoing, politicised debates about renewable energy more 

generally. This makes any debate around changing the legal-political environment for 

businesses involved in electricity co-provision a complex issue with multiple 

intersecting dimensions, including consumer costs, land use, and allocation of public 

funds. Changes made to key subsidies in 2015 following the election of a new majority 

government have some serious implications for businesses operating as facilitators of 

electricity co-provision.  

This chapter offers an analysis of the technical processes and institutional arrangements 

for electricity supply and of the regulatory and legal-political conditions for co-

provision practitioners. It presents examples of how co-provision technologies can 

operate as a part of the existing supply arrangements. These examples are meant to be 

illustrative, but in no way definitive of how co-provision can be implemented as a form 

of electricity supply. The analysis here demonstrates that a major change in the form of 

electricity provision—as in from centralised bulk supply to co-provision—is a 

sociotechnical process, i.e. it requires a change in both technological and social 

structures. The analysis here explains the environmental benefits of co-provision, and 

the major barriers preventing a technically viable solution to tangible problems 

becoming widely adopted. The next chapter will build on this analysis by applying a 

much deeper theoretical perspective on processes of sociotechnical change to the case of 

electricity co-provision.  
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3 Sociotechnical transitions: theory 

and practice                                             

Introduction 

The United Kingdom fulfils its industrial and domestic electricity requirements with a 

predominantly fossil-powered, centralised bulk power system. The previous chapter 

presented various ongoing technological advances that are, in theory, a viable means of 

introducing into electricity provision a higher degree of decentralisation of generation 

and much higher proportion of renewable electricity generation in total energy supply. 

Decentralisation of generation is a way to improve efficiency of transmission by 

situating generation closer to end use. Increasing the proportion of renewable generation 

is a UK policy goal and environmental imperative. The technologies presented in the 

previous chapter could allow, in theory, the proportion of renewables in total generation 

to increase while doing nothing to contribute to—and even alleviating—the costs and 

difficulties of network balancing and concerns relating to security of supply; both of 

which are considerations when introducing more variable-output renewables into 

current centralised bulk supply arrangements.   

In short, widespread diffusion of these technologies, accompanied by a change in 

market structures and the legal-political environment could mean a radical 

transformation in the entire sociotechnical system of electricity provision in the UK. 

Within the coevolutionary understanding of system development, user practices are 

always configured in part by sociotechnical systems themselves (Shove et al 1998; Nye 

1990). However, accompanying a diffusion of distributed generation-transmission 

technologies would be a significant paradigm shift away from electricity supply that is 

led by demand to a model where the demand side actively participates in provision and 

so is structured by the contours of supply to an extent more cognisant than is currently 

the case. So-called co-provision is a novel and potentially ‘disruptive’ model of 

electricity provision (Watson 2004).     

As established, developments in social, political and economic circumstances must be 

conducive to this legal-political and infrastructural change to cause the widespread 

adoption of new technology with the potential to transform a sociotechnical system. 
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Moreover, technical feasibility is not the same as consensus or desirability. There will 

always exist a plurality of pro-change and reactionary interests with regards to system 

development which will bring to bear political power (Hughes 1983; Berkhout et al 

2003). There is, in the UK, a political struggle between interests with dimensions 

reminiscent of the political struggles described in Hughes’ (1983) and Nye’s (1990) 

account of early electrification of western society. Interests—entrepreneurial, 

environmental, social—in favour of more rapid roll out of renewable infrastructure are 

in conflict with interests—political, economic, vested commercial—that oppose this. 

There are some signs that regulatory conditions are adapting to accommodate 

alternative models of energy supply that would help to diffuse distributed renewable 

generation technologies, and that Government policy and subsidies are aiding this. The 

extent of both regulatory and legislative support for the new technology, however, is 

still limited by the frame of short-term financial costs and benefits (Geels et al 2015), 

which means progress towards a wholesale change in institutional and legal-political 

structures is slow.  

This chapter takes further this coevolutionary analysis of sociotechnical change. 

Following Rip and Kemp (1998), Geels (2004), Smith et al (2005), and Schot and Geels 

(2008), the analytical frame moves from innovation at the level of firms and industrial 

sectors to a wider set of processes affecting change dynamics in sociotechnical systems 

that perform a societal function. Sociotechnical transition literature uses the concept of 

‘sociotechnical regimes’ to reflect the fact that industrial sectors are embedded in 

broader systems—economic, political, cultural—which structure their possibilities for 

change, as well as the direction this change takes. With insights from innovation 

studies, institutional economics, science and technology studies, and history of 

technology studies, sociotechnical transition theory primarily seeks to explain 

technological system transformation in terms of the corresponding societal 

transformation. One never occurs without the other, is the underlying fundament. The 

study of sociotechnical transitions also has a normative application for policy actors 

involved in sustainable development, in that it can be and is used to design interventions 

which give space to innovations that guide sociotechnical systems of provision in a 

‘greener,’ more socially equitable direction (Schot and Geels 2008; Shove 2009).  
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Transitions literature uses the multi-level perspective (MLP) to describe sociotechnical 

regime transformation (Berkhout et al 2003). This is explored in more detail below, but 

in essence the MLP is a model which conceptualises a distinct micro, meso, and macro 

level of interlinked processes which all contribute differently to dynamics in 

sociotechnical change. The MLP allows processes observed at each level to be linked in 

holistic model of change. This chapter presents and applies to co-provision technologies 

approaches within transition theory to the UK energy regime. To delineate this rich area 

of thought on sociotechnical change this chapter first presents the ‘transition 

management’ approach, using empirical examples as aids to suggest an exemplar 

‘sociotechnical configuration’ of co-provision technologies. It goes on to further expand 

on elements in the exemplar case, and presents them as a social learning network, which 

carries the social learning outcomes of sociotechnical niche experiments. This learning 

replication process is a cornerstone of strategic niche management (SNM) theory’s 

account of sociotechnical change (Seyfang and Haxeltine 2012). Next, the chapter 

explores another approach within the transitions literature, ‘regime theory,’ which still 

uses the MLP but places less emphasis on sociotechnical niche processes and focuses 

instead on regime dynamics and ‘transition contexts’ (Smith et al 2005). Finally, the 

chapter engages with some constructive criticisms that have emerged of the transitions 

theory approach in general.                

3.1 Approaching transition from the multi-level 

perspective     

Transitions literature rejects the conceptualisation of technology as a metaphorical 

‘cannonball’ which acts like an exogenous force impacting upon society (Rip and Kemp 

1998, 330). Rather, broad technological developments—such as information technology 

and energy storage for electricity co-provision—are the product of an endogenous 

societal dynamic. Technological developments are informed by social—i.e. cultural, 

political, economic—belief systems, which are in turn partially shaped by the 

technologies embedded within them; technology, in this perspective, is held to be 

“socially shaped and society shaping” (Hughes 1987 in Berkhout et al 2003). The 

application of developing technologies to specific social and economic activities—

electricity provision, for instance—creates interdependencies between coevolving 
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technological artefacts, firms, practices and procedures, rules, regulations, and cultural 

norms. This set of artefacts, knowledge and rules becomes embedded in institutional 

and technical infrastructure; together these constitute a sociotechnical regime (Rip and 

Kemp 1998). 

Regimes, then, emerge from sociotechnical change. They also, however, “structure 

subsequent changes” (ibid, 338). Interactions between different regime actors which 

lead to the modification and diffusion of technologies and technological practices are 

sociotechnical innovations (Geels 2004; Rip and Kemp 1998). The structuring of 

sociotechnical change by regimes is along path-dependent innovation trajectories—or 

‘lock-ins—created by this embeddedness of knowledge, practices, and norms into 

institutional and technical infrastructures (Dosi 1982, Hughes 1983, Arthur 1988, 

Jacobsson and Johnson 2000, Walker 2000, and Shove 2003, in Seyfang and Smith 

2007). The resulting ‘stability’ afforded to incumbent regimes can be a barrier to the 

diffusion of novel technologies and technological practices that might radically 

overhaul a system, which instead changes incrementally along locked-in innovation 

trajectories (ibid; Hieschler et al 2011).  

The strength of the institutional and technical linkages between the actors and artefacts 

attendant to centralised bulk electricity supply in the UK make this regime incredibly 

stable (Geels et al 2015). Moreover, the embeddedness of its attendant knowledge, 

norms and processes in broader social belief systems and material culture—the 

sociotechnical landscape (Berkhout et al 2003)—has both ‘configured’ the social 

practices which determine energy consumption (Shove et al 1998), and calibrated the 

“culturally defined possibilities” for change (Rip and Kemp 1998, 337). This is all to 

say that, despite the technical feasibility of information and energy storage 

technologies’ application in a partially decentralised electricity co-provision 

arrangement, a series of system lock-ins—political, sociocultural, economic, 

institutional and infrastructural in nature—make this radically novel set of 

sociotechnical innovations’ diffusion far from inevitable (see also Chapter 4). The 

development of the UK electricity regime, rather, is currently incremental and reflects 

entrenched innovation trajectories; changes include only small, tentative steps away 

from centralised bulk power generated by fossil fuels and nuclear reactors (Geels 2015; 
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Geels 2014). This is also why progress is slow on reforms to institutional and legal-

political structures that would accommodate co-provision.  

Sociologically-informed history of technology studies do show, however, that radical 

sociotechnical regime transformations do sometimes occur; the replacement of small 

scale DC lighting with centralised bulk AC power, discussed in Chapter 1, is one such 

transformation (Berkhout et al 2003). The transitions management approach advances a 

framework for understanding and harnessing—by translating into policy terms—the 

dynamics of sociotechnical regime-wide transformation within all systems of 

production and consumption; this as a means to address the need for industrialised 

societies to move in the direction of more sustainable development (Hielscher et al 

2011). It is premised on this idea that the lock-ins which stabilise incumbent regimes act 

as barriers to the diffusion of more sustainable sociotechnical practices (ibid). The 

branch of transitions theory concerned with this normative application is transitions 

management; a key tenet of which is the idea that “social innovations and the diffusion 

of technological innovations are intimately linked” (Seyfang and Smith 2007, 588).  

The multi-level perspective (MLP) is key to transition management approach’s analysis 

of regime transformation (Hieschler et al 2011; Geels 2004; Berkhout et al 2003). The 

MLP links processes that occur at the macro-level of sociotechnical landscapes—broad 

social belief systems and material culture (Berkhout et al 2003)—the meso-level of 

regimes, and, finally, at the micro-level of localised sociotechnical practice (Geels 

2004). Put very simply, MLP accounts of sociotechnical regime change hold that 

macro-level factors—concerns about climate change, for instance—over time cause 

unresolvable tensions in the regime level. When this occurs, and given certain other 

conditions, sociotechnical innovations at the micro-level which address these tensions 

can diffuse ‘upwards’ and transform the regime. Micro-level processes of 

sociotechnical innovation, specifically with regards to distributed generation-

transmission and co-provision, are discussed below.         

3.1.1   Sociotechnical ‘niche’ innovations 

Sociotechnical processes which occur at the micro-level in the MLP are referred to as 

‘niche’ processes. The key conceptual components of niche processes are innovations, 

spaces, and experiments. Niche innovations are novel sociotechnical practices, which 
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involve novel adaptations and applications of technology. A niche space can be defined 

simply as a “protected” space in which “sub-optimally performing experiments can 

develop away from regime selection pressures” (Seyfang and Haxeltine 2012 383). The 

nature of these experiments is diffuse, but a defining feature of sociotechnical niches is 

that they can be sites of ‘radical’ alternatives to the dominant arrangements of the 

incumbent sociotechnical regime (Schot et al 1994, in Hielschler et al 2011). Niche 

experiments in electricity supply, then, are “concrete local projects” that inform and are 

informed by innovative technologies and innovative sociotechnical practices; they do so 

in a setting characterised by alternative guiding values that are tolerant of immature 

technology and high costs (Hielscher et al 2011; Seyfang and Haxeltine 2012; Seyfang 

and Smith 2007; Geels 2004).  

A salient empirical example of a sociotechnical niche experiment is the Energy 

Resources for Integrated Communities (ERIC) project in the city of Oxford. Project 

ERIC—over a period of 27 months ending in April 2017—will install Moixa’s Malsow 

home-storage battery (see Chapter 2) in up to 100 homes within one area of the city. At 

least 60% of these homes will also have installed micro generation capacity in the form 

of solar photovoltaic panels. Some participating households have also had installed low 

DC-powered LED lighting systems. These can operate self-sufficiently from the grid, 

powered by the Maslow system.  

Project ERIC has two stated heuristic objectives. The first is to develop and test in-situ 

better control function in the form of a new software platform. The second objective is 

to demonstrate the synergistic value—in terms of existing bulk supply arrangements—

to system operators and to consumers of distributed generation and storage with 

microgrid control function. The project has identified three goals that it hopes to attain 

in order to demonstrate this value. Translated into the terms presented in Chapter 2, 

these goals are to: smooth the load profile of participating households by reducing peak 

demand on the grid by 65%; eliminate all export of renewable generation to the grid, 

thus removing the imbalance effect created by variable output; and allow the participant 

households, networked into a microgrid, to participate in and profit from network 

balancing by supplying an interruptible load
41

. Incidentally, the participants in the 

experiment are all socially-housed tenants on low incomes living in homes provided by 
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the local authority. While the project itself is not primarily concerned with the issue of 

fuel poverty, it is hoped that the participants of this experiment will benefit directly 

from their involvement. Also, the local authority is showing an active interest in the 

potential of co-provision technologies, such as those being developed by ERIC, to aid 

its fuel poverty work. This is area is returned to later in the chapter.       

The ‘protective’ niche space for Project ERIC is created by the project’s stakeholders’ 

“collective endeavour” to find new approaches to sustainable development through 

experimentation with promising technology (Kemp et al 1998, 88, in Seyfang and Smith 

2007). This experimentation, though, goes far beyond a “technology demonstration” 

beginning with a ‘technical solution’ to a ‘tightly framed problem’ (Seyfang and Smith 

2007). The focus, rather, of experimenting with integrating households into new 

organisational elements—in this case a microgrid that interfaces with regime 

infrastructure—is on “social learning” (ibid). In addition to the hard data to be collected 

on technical performance and consumption, the experiment will also generate “second-

order learning” (Hielscher et al 2011) in the form of institutional lessons, best practice, 

resources for advocacy and lobbying, and new networks of actors and organisations 

which will act as “global carriers” of these lessons (Seyfang and Haxeltine 2012, 383).     

3.1.2 Configuring social actors and technological artefacts 

Transitions theory has formulated a concept that encapsulates both the notion of 

technology as a set of artefacts—materials, tools, machines, and so on—and the 

outcomes of social learning which emerge with these artefacts’ development and use. 

Sociotechnical configurations are a reformulation of the concept of ‘technology’ as “the 

social relations… that link, use and make sense of technological artefacts” (Berkhout et 

al 2003, 5). Rip and Kemp elucidate this articulation of technology by describing it as 

“a concentric approach to the world with a technical artefact or system at the centre” 

(1998, 331). Systems of linked artefacts—‘hardware’—are configured  together with 

social relations comprised of ‘software’—the attendant skills and engineering practices 

required for the manufacture and operation of these artefacts—and ‘orgware,’ the  skills 

“necessary…to manage the situations (including infrastructures, divisions of labour, 

cultural norms) in which they can be handled productively” (ibid). Another “integral” 

part—an additional concentric ring—in this conception of technology is what Rip and 
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Kemp describe as the “embedding of a technology in concrete societal contexts,” or 

‘socioware’ (1998, 331). The inclusion of ‘socioware’ in a sociotechnical configuration 

opens up the concept of technology to include the social learning outcomes of 

technology-in-use; this alongside the knowledge embedded in technology through 

design alone. These elements comprise an “operational mix” that is constituent to a 

sociotechnical configuration (Berkhout et al 2003, 5). 

The interpretation of technological artefacts within concrete settings, therefore, is a 

defining feature of the sociotechnical configuration to which those artefacts are 

attendant. This interpretation will inevitably vary from setting to setting. A distributed 

electricity generation and storage system, for example, can be purchased with a private 

individual’s capital and installed into a single house. The social relations involved 

would include a market purchase of hardware and installation services, after which the 

generation and storage system would serve a private additional supply of electricity at 

the household level. The electricity generated would help to reduce the household’s 

overall grid-supplied electricity demand, excess could be exported to the grid at market 

rates, and controls could help to shift the remaining grid load away from peak times. 

This hypothetical household uses identical technological artefacts to those being used in 

Project ERIC. However, the integration—in the latter—of households into a microgrid 

that shares the benefits of distributed generation and storage on a community-wide scale 

represents a set of social relations different to the former.  

The attendant technological artefacts in both the household example and in the Project 

ERIC arrangements for decentralised electricity supply are identical, but the social 

relations necessitated by the change in scale from household to community-wide make 

for a slightly altered operational mix: the artefacts have undergone a degree of 

sociotechnical reconfiguration. Despite this, however, there is also an undeniable degree 

of sociotechnical continuity between the use of micro generation and storage for 

decentralised electricity supply at both the household and community-wide level. At 

both levels, for instance, stakeholders understand these to be a means to increase 

renewable electricity generation’s share of energy demand, relieve network operation 

pressures, and save money on energy bills. In this respect, the Project Eric arrangements 

do not represent an entirely different sociotechnical configuration to the household-level 
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deployment of its attendant technological artefacts, but an alternative, more complex 

version of a sociotechnical configuration. 

Transitions theory does not only accommodate this distinction between closely-linked 

versions of sociotechnical configurations, but this whole understanding of 

sociotechnical change, articulated in the manner of configurations, is premised on the 

idea that configurations are not a fixed entity, but a fluid assemblage of artefacts, people 

and rules subject to constant ‘selection pressures’ which cause them to continuously 

evolve, or reconfigure (Smith et al 2005). As stated, transitions theory accounts of 

regime transformation developed from observations of historical sociotechnical 

configurations, developed in niche spaces, which became so widespread that the regime 

was considered transformed. Berkhout et al summarise transition theory’s account of 

the process of gradual sociotechnical reconfiguration as starting configurations “move 

in a trajectory from the micro-level of niches to the macro-level of landscapes” (2003, 

7). They do so while 

“gradually representing larger assemblages of practices, technologies, 

skills, ideologies, norms and expectations, imposing larger-scale impacts 

on their landscapes until they become constitutive and emblematic of them. 

Throughout this journey the socio-technical configuration becomes better 

adapted to its context, becomes more stable (technically and in terms of the 

social relationships that interpenetrate and mediate the technology) and 

exhibits growing irreversibility” (ibid).       

Sociotechnical configurations, then, “adapt” as they become more widely adopted. This 

is because the diffusion of sociotechnical configurations that develop in niche spaces is 

the product of these configurations’ reproduction in an increasing number of contexts. 

Although each reproduction will be largely similar to the original, processes of social 

learning and exogenous or contextual factors—such as a change in scale of 

application—will mean that it is not identical; at least, that is, up until the point of 

stabilisation. Within the account offered by transitions theory, one possible pathway for 

distributed generation-transmission and co-provision technologies to become more 

widely adopted—and this is an entirely hypothetical point—is that sociotechnical 

configurations which operate in experiments such as Project ERIC could, through 

processes of reproduction with social learning, adapt to their context, accumulate a 

larger assortment of social relations and technologies, stabilise and gradually become 
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more entrenched in the broader social, institutional, and infrastructural arrangement of 

energy provision. As they gained traction in this manner they would speed the progress 

towards required regulatory reform.       

3.1.3 Towards a framework for analysing sociotechnical 

configurations of electricity co-provision technologies 

Table 2 shows a proposed exemplar of a sociotechnical configuration of electricity co-

provision and distributed generation-transmission technologies. It is a framework 

developed by the author as a means to systematise information pertaining to the energy 

projects examined by the field study; and to do so in such a way as to be able to analyse 

this information in terms of the theoretical concepts, presented above, provided by the 

transitions literature examined in the desk study (see Chapter 1). The design of this 

framework reflects the intention that it should encompass the attendant technological 

artefacts themselves, the social relations that govern their use, and the institutional 

structures in which these patterns are embedded. It was also important to ensure that the 

framework is flexible enough to accommodate this particular configuration’s continuity 

during the gradual process of adaptation and stabilisation it will inevitably undergo as 

the outcome of technological advance and social learning. It is applied here in order to 

analyse and link to theory the configuration of artefacts and social relations attendant to 

the example of electricity co-provision provided by Project ERIC and other energy 

projects examined in the field study, presented below.   

The three horizontal rows in Table 2 subcategorise the example of co-provision 

examined here into three broad types. The vertical categories represent a non-exhaustive 

list of corresponding artefacts, social relations, and institutional entities that feature in 

and define a sociotechnical configuration. Table 2 can be read from left to right, 

selecting one or more item from each of the vertical columns. Doing so will construct 

an ‘operational mix’ which constitutes one version of the sociotechnical configuration. 

By presenting the study’s findings in this way, it is possible to describe more than one 

version of a sociotechnical configuration of co-provision technologies without losing 

the conceptual continuity between versions. This resolves, for example, the 

sociotechnical discrepancy between the household and community-level deployment of 

the technological artefacts attendant to Project ERIC without having to assign each  
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An exemplar sociotechnical configuration of electricity co-provision  

  
Table 2: An exemplar sociotechnical configuration of electricity co-provision artefacts, social 

relations, and the institutional structures in which these patterns are embedded. This framework 

was developed by the author in order to analyse empirical examples of electricity co-provision in 

terms of the concepts provided by the transitions literature. Design: the author. Source: field study 

(but see also Watson 2004, Table 1, p. 1983).   
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example as a different type. That is to say, described in the one relevant horizontal 

section of Table 2 are both the household-level and community-level variants of the 

sociotechnical configuration of micro generation and storage actors and artefacts for 

decentralised electricity supply. 

3.2 Strategic niche management (SNM) theory 

While category groupings serve a conceptual purpose, at an empirical level all of the 

technologies and social relations presented on Table 2 operate holistically as a suite of 

actors and artefacts that are involved in an exemplar configuration of electricity co- 

provision technologies. Project ERIC, for example, in addition to its use of micro 

generation and storage is a form of customer group aggregation, which must necessarily 

also incorporate ubiquitous artefacts used in building efficiency infrastructure such as 

light switches, wiring, insulation, and so on. Table 2 is merely an abstraction—derived 

from empirical findings—that can be used to examine the overlapping assortments of 

technical and social idiosyncrasies held in common by some discrete projects that are 

experimenting with co-provision; this as opposed to discrete projects such as the 

existing UK centralised bulk electricity supply industry. The benefit of the slightly 

artificial categorisations in Table 2, then, is that it allows analysis of discrete projects to 

draw out and distinguish between the multiple areas of sociotechnical innovation that 

are constituent to this mode of electricity co-provision. 

3.2.1 Customer group aggregation  

Customer group aggregation, as a subcategory of co-provision, is perhaps best 

exemplified by another experimental energy project included in the study, Energy 

Local. The ‘energy local model’ is an alternative way for customers to buy electricity 

from the grid under current market arrangements. This model is being developed and 

trialled by the organisation Energy Local and its stakeholders. In the model, groups of 

between 100 and 200 households in one locality are virtually—i.e. for data collection 

and billing purposes—aggregated into one ‘consumer’. This consumer’s demand is 

large enough that it is economically viable to settle its billed usage on a half-hourly 

basis, meaning it can be financially rewarded for shifting a portion of its load to 

cheaper, off-peak generation windows. As discussed in Chapter 2, this form of demand 
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side participation (DSP) is currently only available—outside of experimental settings—

to large consumers, such as big businesses.  

In the model, the organisational entity formed by the aggregation of 100 to 200 

households is a community energy service company (CESCo). Each CESCo becomes 

the customer of an existing electricity supplier. It is able to negotiate a new deal with 

this supplier, as well as with the distribution network operator (DNO) and Elexon, the 

metering company which calculates all network parties’ usage and balancing 

settlements. This deal will incorporate half hourly settlement, and—depending on the 

CESCo in question—could include an agreement for using load shifting as a network 

balancing mechanism, effectively purchased by the DNO from the CESCo.
42

  

The sociotechnical configuration involved in this model does not strictly require any 

artefacts beyond the standard electricity fittings found in all households, along with a 

half hourly meter. These meters are also standard technology, widely used by large 

consumers and an increasing number of households, where suppliers install them, 

ostensibly to assist with billing accuracy. The social relations constituent to customer 

group aggregation are, however, a radical departure to the way that these ubiquitous 

technologies are usually linked and used. For the model to work in any of the ways it is 

intended to there must be cooperation between the participants—underwritten by an 

informal, social contract—to shift their energy load by altering their practice. This could 

simply mean only using artefacts such as washing machines, storage heaters, water 

boilers, and so on at certain times of day. Doing so allows the aggregated customer 

group to benefit and reduce peak grid load. This entity is, as stated, a CESCo in the 

energy local model, but a sociotechnical variation might include, for example, a local 

authority in this role.         

Again, though, when observed at the empirical level—i.e. in the Energy Local 

application—customer group aggregation is interwoven with the other sociotechnical 

elements displayed on Table 2. The energy local model also involves distributed 

electricity generation that is pooled by the participants. This pooling of distributed 

generation is achieved using a bespoke control algorithm, Cascade, which is being 

developed by one of Energy Local’s partners. The pooling of generation across 100 to 
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 http://www.energylocal.co.uk/ 
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200 households using this control function will ensure that at any one time the 

maximum possible amount of locally-produced renewable energy is used locally, 

reducing as far as possible the excess electricity that is exported to the grid. This serves 

to increase the savings made by the participants, as the price paid for exports to the grid 

is lower than the retail unit price of electricity, and minimises variable generation output 

placed on the grid by renewable generation.  

The hardware costs of storage are currently calculated to outweigh the benefits of 

incorporating it into existing Energy Local trials, but as this situation changes storage 

capacity will increase the flexibility—and therefore possibilities to participate in 

network balancing—of an integrated supply in the same manner as Project ERIC is 

aiming to achieve. Another supplementary technical input, with which Energy Local is 

also experimenting, is a control function that incorporates data about the weather—e.g. 

the likely volume of wind or solar generation in a given day—with household 

consumption data. This control function can command certain appliances, switching 

them on and off to shift load around based on user preferences, the best times for local 

generation, and cheapest half-hourly settlement windows. Users are able to override this 

function if shifting a particular load is not convenient; its purpose is merely to 

supplement voluntary load shifting with automation and calculations that maximise the 

environmental and financial benefit.  

3.2.2 Buildings as decentralised energy infrastructure  

In order to meet environmental objectives, decarbonised modes of energy provision and 

reduced per capita consumption will need also to be combined with building efficiency 

improvements. Deep building retrofits and the exclusive use of modern, energy efficient 

architecture and materials in new buildings, it is estimated, could make unnecessary by 

2050 anywhere between 60% and 75% of 2005 levels of domestic energy consumption 

(Gupta 2009; Ürge-Vorsatz and Herrero 2012). Building efficiency is included on Table 

2 as a type category of co-provision constituent to this sociotechnical configuration 

because houses and businesses, in this regard, represent an energy infrastructure that 

cannot physically be formed into a centralised bulk network.  

Interestingly, local authorities are taking the lead in implementing energy projects that 

involve the use of building and consumption efficiency measures. This trend is one that 
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Wollmann et al tentatively term the partial ‘re-municipalisation’ of energy provision 

(2011). They observe that “from being active producers and purveyors of energy 

[during ‘localisation’ – see Chapter 1], municipalities are becoming overseers of its use 

and conservation” (ibid, 168). This observation was corroborated by the findings of this 

study, which examined a set of housing and environmental policy interventions by 

Oxford City Council (OCC). The municipal authority’s housing department has adopted 

as its strategy for tackling the city’s high instance of fuel poverty
43

 a  focus on building 

efficiency—with some renewable generation—in its social housing stock as a means to 

“increase the resilience of tenants against [energy prices and low incomes]” (OCC 

2015). OCC has committed to a budget of £4.03m for such measures, and established a 

team of building surveyors, a data analyst, energy efficiency officer and a housing 

manager to oversee the work. 

3.2.3 Community energy: ‘grassroots innovation’   

There is in this regard a high level of cross-over in the municipality’s fuel poverty and 

CO2 emissions reduction work in Oxford. OCC was, in 2009, one of 24 councils across 

the UK to be part of the UK Councils for Climate Change Pilot Programme. Latterly it 

was one of the nine leading local authorities in the UK taking part in the Low Carbon 

Framework project sponsored by DECC. This involved a £360k investment from central 

government, which facilitated the formation in 2010 of the Low Carbon Oxford 

initiative, which OCC coordinates. Low Carbon Oxford is a partnership programme 

between over 40 organisations—including many of Oxford’s academic institutions—

from the private, public and third sectors. It aims to research, implement or otherwise 

participate in carbon reduction measures. As such, there has been some substantial 

investment in renewable energy and energy efficiency project trials in and around 
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 The latest 1995 Home Energy Conservation Act compliance report published by OCC suggests that the 

level of fuel poverty in Oxford is higher than the regional and national average at 12% of households, 

roughly 7000 in total. This is linked with Oxford’s level of localised deprivation. In a city that is, when all 

its wards are aggregated, above the national average for income and health, there are 17 areas which are 

in the most deprived 25% in England based on the Index of Multiple Deprivation, one of which is within 

most deprived 10% (OCC 2015).   
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Oxford by local authority, the private sector and social enterprises that leverage capital 

by making use of central government subsidies. 

In addition to the energy-related housing interventions implemented by OCC, then, the 

local authority’s active role in attracting central government funding and private 

investment in energy projects has created an environment in which experimentation can 

occur. Some of this experimentation is implemented—with the support and cooperation 

of the municipality—by for-profit organisations which intend that the investment in 

sustainable innovation will one day yield a product that is competitive in a market 

setting. This type of niche experiment constitutes a ‘market-based’ niche innovation 

(Seyfang and Smith 2007). Project ERIC is an example of a market-based niche 

innovation: Moixa, a for-profit technology firm, are leading stakeholders in the project 

which protects the Maslow System from incumbent ‘regime selection pressures’ while it 

develops (Seyfang and Haxeltine 2012).  

Alongside this activity there are also a growing number of energy projects in Oxford 

which constitute community energy initiatives, or ‘grassroots innovations’ (Seyfang and 

Smith 2007). These are the subject of an emerging body of literature within transition 

management theory. Grassroots innovation studies identify community-based 

initiatives, which operate in the context of social—as opposed to market—economy, as 

a key element in sustainable energy transitions (Hielscher et al 2011; Seyfang and 

Haxeltine 2012; Seyfang and Smith 2007). Within the social economy the profit motive 

is replaced by the ‘social need’ to provide a local service—this could be energy savings, 

for example—that is not provisioned for by the market (Seyfang and Smith 2007). 

Another key motive in the social economy is ‘ideology’ (ibid). For grassroots energy 

innovations, this ideology could simply mean ‘green’ values—the desire to reduce local 

emissions and energy consumption—or it could “run counter to the hegemony of the 

regime” (ibid, 592) by offering, for example, a more radical proposal for an alternative 

to the growth-oriented socioeconomic system (ibid).  

The organisational forms that community energy projects take are diverse, and include 

everything from informal voluntary associations to social enterprises which use 

commercial activity to fund community-based initiatives (Seyfang and Smith 2007). In 

Oxford, the Low Carbon Hub (LCH) is one such social enterprise. LCH, having grown 

out of a voluntary community action group initiative, used a start-up loan from OCC—
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which has since been replaced by capital invested through a community share offer 

scheme—to form an Industrial and Provident Society (IPS). Low Carbon Hub IPS 

operates commercially by installing renewable generation capacity and low power 

wiring and fittings into businesses, schools and public sector buildings. The ‘host’ 

institutions—the recipients of the installation—do not need to provide any initial 

investment, but do purchase the electricity generated from Low Carbon Hub IPS, which 

charges below market rate. This hosting and purchase arrangement as an application of 

renewable generation technology is represented in Table 2. In addition, LCH also 

receives the revenues from exporting to the grid the electricity not consumed on 

installation sites—roughly 20% of the generation—and is the beneficiary of the Feed-in 

Tariff (FiTs, see Chapter 2)
44

. The profits made by Low Carbon Hub IPS after it has 

repaid community shareholders with interest are all channelled into LCH’s Community 

Interest Company (CIC).
45

  

Low Carbon Hub CIC provides expert advice and assistance to community energy 

projects being pursued by entirely voluntary community action groups from around the 

Oxfordshire area. This advice and assistance runs throughout the duration of a 

community energy project and includes feasibility analysis, advice and help with raising 

project finance, and project development and management. Low Carbon Hub CIC also 

makes available some funding for community energy projects for which it is reimbursed 

if these projects become profitable electricity exporters and recipients of renewables 

subsidies.  

The application of distributed micro generation initiated by community groups such as 

this is also represented on Table 2. The role of grassroots energy innovations—such as 

those supported by Low Carbon Hub CIC—in sustainable transitions is that local 

knowledge tailored to local situations, perhaps combined with a system of values 

counter to mainstream notions of progress-as-growth, can deliver bottom-up changes to 

sociotechnical and consumption practices that cannot be achieved with blunter top-

down interventions. The social capital and sense of local ownership and empowerment 
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 Incidentally, a representative of LCH stated in an interview conducted as part of this study that an 

unexpected and drastic cut to FiTs—as opposed to the ongoing planned incremental cuts—would be a 

serious setback for this model. This interview was conducted the day before the August 2015 

announcement of an 87% cut in the subsidy rate (see Chapter 2).  
45

 http://www.lowcarbonhub.org/  



  76 

 

entailed in community-based initiatives will help sustain and deliver these changes 

(Hielscher et al 2011; Seyfang and Haxeltine 2012).  

Organisational Map of Actors in Empirical Study  

 

Figure 7: Organisational map of actors in empirical study.  Shows actors in a network of 

institutions, voluntary associations, projects, firms and third sector organisations involved in 

decentralised electricity provision in Oxford and around. Design: the author. Source: field study 

and respective organisations’/ projects’ websites.   

 

It is useful to reiterate in summary that all of the subcategories of co-provision 

represented on Table 2 are conceptual abstractions. They are taken from observations of 

technologies for micro generation, control function, and energy storage, the application 

of which is governed by relations between actors, knowledge, and infrastructure, and 

embedded into “concrete societal contexts” (Rip and Kemp 1998, 331). As opposed to 
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viewing these social relations as an exogenous ‘user environment,’ this study has—

following the transitions theory notion of technology—attempted to encapsulate these 

social relations within a new conceptualisation of the technologies examined. This 

attempt is represented in the exemplar sociotechnical configuration displayed on Table 

2. The social relations that are encapsulated within the sociotechnical configuration 

displayed were identified through empirical study of projects and institutions that are in 

some way involved in these technologies’ application. The linkages observed between 

these actors are mapped in Figure 7. In the transitions management approach, this 

network is a ‘global carrier’ of social learning derived from niche experiments (Seyfang 

and Haxeltine 2012).  

3.2.4 Applying strategic niche management theory   

Niche experiments, then can be market-based or, alternatively, civil-society led ‘grass 

roots innovations’ (Seyfang and Smith 2007). The former combine firm-level 

technology development with social learning processes that configure emerging 

technologies with regulatory and institutional structures and user practices (Berkhout 

2002; Schot and Geels 2008). As with more straightforward ‘technological fixes’
46

 they 

might be helped to flourish by top-down intervention such as government subsidies or 

the suspension of regulatory barriers, although this will not be the predominant dynamic 

that constitutes a niche, which is characterised by a broader set of internal processes 

(Schot and Geels 2008). Grass roots innovations, on the other hand, are entirely self-

organised phenomena, governed by civil society (Seyfang and Haxeltine 2012). Both 

types of niche experiment interact and pool knowledge in the network of actors 

examined for this study (see Figure 7). Strategic niche management (SNM) theory is a 

specific way of understanding these processes, which remains largely analytical, 

although it can serve a normative function too. However, when used as a policy tool, the 

‘management’ component does not refer to top-down intervention, but to “endogenous 

steering, or steering from within” (Schot and Geels 2008). While early SNM work held 

transitions to be an entirely bottom-up process, however, more recently SNM scholars 

have emphasised the MLP, and interactions between levels (ibid).  

                                                 
46

 ‘Technological fixes’ are the introduction of a technology designed to contribute to the solution for an 

environmental problem, but that do not alter the social relations or user practices governing the use a 

technology or technical system. The quick adoption of catalytic convertors into automobiles is an 

example of a technological fix, as opposed to a sustainability transition (Kuzemko et al 2015).   
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Different SNM analyses reveal various pathways of transformation that are linked to 

niche processes. These pathways can include niches growing to the extent that they 

replace the regime, or niches being adopted by an incumbent regime, triggering change 

from within (ibid). Regardless of the specific pathway niches offer to transition, 

however, SNM studies have highlighted three key internal processes that if weak or 

absent will probably lead to that niche not becoming widely diffused. Hielscher et al list 

these as expectations, social networks, and learning (2011, 5). The first of these refers to 

the expectations of actors within the niche. For these expectations to be considered 

strong they must be specific and act as a ‘guiding principle’ for the majority of these 

actors (ibid). During interviews conducted with the actors in Figure 7, the primary 

motivation for participation cited most frequently was climate change mitigation, 

specifically through increasing the volume of renewable energy generated in the area. 

Other motivations—including social justice in the form of fuel poverty reduction and 

‘energy democracy’—were also cited as expectations by more than one of the actors 

interviewed. While the sample of informants was not large or broad enough to draw any 

conclusions about the strength of this niche’s ‘guiding principles,’ (see Chapter 1) there 

is no initial indication to suggest that they are not robust.  

It is possible to be more definitive in assessing the second SNM criteria for measuring 

the strength of internal niche processes, because relevant data required to make this 

assessment can be ascertained from the act of drawing the organisational map of the 

niche (Figure 7) and further investigating the actors through documents in the public 

domain.
47

 Assessment of the strengths of social networks hinges on the ‘breadth’ and 

‘depth’ of membership (Hielscher et al 2011). Here breadth refers to the level of 

diversity in the viewpoints represented by participating actors; depth refers to the 

“resource commitments” (ibid). Figure 7 certainly shows a broad range of actors 

involved in some way in this co-provision niche. It includes private firms, local 

authority, an academic institution, a social enterprise, a housing association representing 

vulnerably housed tenants, and a plethora of civil society entities. Some of the resource 

commitment has been substantial, not just in terms of the central government grants 

administered by the local authority, but in terms of technology from a profit-seeking 

firm, and finance put up by the social enterprise for community energy projects.  

                                                 
47

 Although this exact methodological approach has not been replicated from any of the SNM literature 

examined as part of this study, it has proved heuristically useful in this case.   
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The final criterion used to assess niche-building capacity is learning. Here again, the 

research conducted into this niche as part of this study cannot report comprehensively 

on the learning processes observed, largely because it would be highly problematic to 

attempt to codify this information in any meaningful way: while facts and data—first 

order lessons—might be expected from most projects that deal with electricity 

provision, it is the second-order learning, the social learning, that SNM theory has 

found to be productive in offering “alternative cognitive frames and different ways of 

valuing and supporting the niche” (ibid). The strong social network, however, by 

serving as a ‘global carrier’ of any lessons learned as part of this niche experiment, will 

ensure that these lessons—whatever they may be—are shared and built upon, as 

opposed to being repeated in a series of sociotechnical silos (Seyfang and Haxeltine 

2012).                      

3.3 Regime processes 

As the above analysis reveals, it is productive to view co-provision technologies 

through the lens of the transitions management approach and SNM theory in order to 

broaden an analysis of sociotechnical change from one that cedes agency purely to 

investor-driven technological innovation and the surrounding conditions. While this 

approach is an influential branch of the transitions literature, however, there are other, 

complementary, approaches within the transitions theoretical frame. These pay less 

attention to internal niche processes—guiding principles, networks, and social 

learning—and instead focus on regime dynamics and ‘transition contexts’ as a means to 

explore sociotechnical change (see Berkhout et al 2003; Smith et al 2005). Regime-

focused approaches, explored below, are concerned more with stabilising regime 

dynamics at the regime level, and demote sociotechnical niches to merely one of many 

‘selection pressures’ impacting a regime; these approaches are also constructively 

critical of the transitions management approach for placing too much emphasis on 

internal niche processes, and not enough on how they ‘interact’ with the regime 

processes (ibid). Taking all regime- and niche-focused approaches to sociotechnical 

change together, though, Johnstone and Stirling commend the “richness” of what they 

call, following Geels (2004), “regime theory” (2015, 6).    



  80 

 

3.3.1 ‘Nested’ and ‘spanning’ regimes  

One of the ontological issues for which the regime theory approach has criticised niche-

based approaches is failing to ascribe precise empirical scales to regimes (Berkhout et al 

2003). For example, a sociotechnical regime that governs energy provision could 

incorporate just the institutions, firms, rules, and artefacts for generation-transmission 

and use of electricity; but equally, however, it could also broaden to encapsulate the 

firms and infrastructures around primary fuel extraction that delivers gas and coal to 

power stations (ibid). Regime theory has addressed this perceived lack of specificity 

fairly comprehensively. It proposes that regimes can exist at various levels of 

‘aggregation,’ where a relatively high level of aggregation would be the entirety of the 

centralised bulk power network, with all attendant artefacts and social relations; and at a 

low level of aggregation would be, for example, all of the individual power regimes, 

such as nuclear, gas, wind, and so on (Smith et al 2005). The regimes that are conceived 

of at lower level of aggregation are ‘nested’ within a higher level, ‘spanning’ regime. 

This spanning regime in turn, Smith et al point out, “may be seen as nested within a 

global energy regime organised primarily around the extraction, trade and combustion 

of fossil fuels” (2005, 1493). Equally, however, within this nested hierarchy of regimes, 

even niche practices could be seen to constitute their own sociotechnical regime, but 

only at a very low level of aggregation (ibid).       

In this sense, the exemplar sociotechnical configuration of co-provision technologies 

displayed on Table 2 could already technically constitute a small, nested sociotechnical 

regime, at a low level of aggregation. It represents an assemblage of artefacts, 

engineering practices, norms, and social relations that are already creating path-

dependencies which structure future sociotechnical change within electricity co-

provision. This is one defining feature of a regime (Rip and Kemp 1998). However, 

what constitutes co-provision as a primarily niche practice, as opposed to a nested 

regime within the broader, spanning electricity regime, is that it still currently lacks any 

semblance of “institutional [or] market dominance that is a defining feature of the 

regime concept” (Smith et al 2005). It also qualifies as a niche because of the “protected 

space” in which it operates (Seyfang and Haxeltine 2012 383). Observations made as 

part of this study suggest that co-provision is a strong niche sociotechnical 

configuration. If this is the case, then according to SNM theory the niche is building 
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‘internal momentum’ that ought to help propel it “upwards” (Schot and Geels 2008). 

Within the SNM approach, the processes that occur at regime level are not so well 

theorised, except that strong niches—with internal momentum—can take advantage of 

internal and external tensions that have caused ‘cracks’ in the regime (ibid; Berkhout et 

al 2003). Regime theory, on the other hand, pays more attention to these regime-level 

processes, which are explored below.    

3.3.2 Selection pressures and adaptive capacity  

The model of sociotechnical change offered by regime theory proposes that regime 

transformation is brought about by two processes. These are selection pressures, which 

act on the regime, and the available resources—both within and outside of the regime—

for adapting to these pressures, referred to as adaptive capacity (Smith et al 2005). As 

stated, niche alternatives which gain internal momentum—as a result of strong guiding 

principles, social networks and learning—present one selection pressure on a regime 

(ibid). As opposed to focusing on these niche processes, however, regime approaches 

are content to leave these as a black box for SNM scholars to unpack, and to focus 

instead on the numerous other selection pressures—of equal or greater significance—

acting on a regime (ibid). 

These pressures can emanate from a low level within the hierarchy of nested regimes 

themselves, where there are competitive economic pressures between contiguous nested 

regimes (ibid). A good example of this type of selection pressure is the intense 

competition in the UK between the onshore wind regime and the combined cycle gas 

turbine regime. The rapid rise of onshore wind is a challenge to the dominance of gas, 

which has long enjoyed dominance among the regimes nested within UK electricity 

supply, and which was given a further boost by the imminent demise of its closest 

competitor, coal
48

. This competition between regimes is the subject of more 

conventional innovations studies (ibid). The analytical unit in these studies, rather than 

a sociotechnical regime, is a sectoral system of innovation, which is defined as “a 

system (group) of firms active in developing and making a sector’s products and in 
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 The UK Government has committed to ending all coal generation, and stated that an increase in gas 

generation would be required to make up for the non-renewal of coal-powered capacity. Supra note 15.   
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generating and utilizing a sector’s technologies” (Breschi and Malerba 1997, in Geels 

2004, 898).  

Sectoral systems of innovation is an approach to understanding internal processes of 

transformative sociotechnical change within regimes by examination of competitive 

actions at the level of firms; these groups—systems—of firms react to horizontal 

selection pressures from other groups of firms. MLP approaches, such as regime theory, 

add to this analysis institutional structures and sociocultural norms from which selection 

pressures also emanate (Geels 2004; Smith et al 2005). These pressures, then, emanate 

from the broader ‘landscape’, and act upon a higher level within a hierarchy of nested 

regimes, exerting pressure downwards onto other regimes. A highly salient example of 

such a selection pressure is the strength of attitudes across society directed towards 

certain issues, such as climate change or nuclear proliferation. These pressures 

emanating from prevailing civil society attitudes can be targeted at specific regimes—

such as the anti-nuclear movement does to the nuclear regime—or they can be more 

general, and target instead overall emissions or energy use; but both cause regime 

selection pressures (Smith et al 2005). Civil society debates can “serve to frame the 

functional reproduction” and in doing so drive and have a bearing on sociotechnical 

change at the regime level (ibid). 

Functional reproduction refers to the “functions that that contribute to the reproduction 

of technological systems” (Jacobsson and Johnson 2000, in Smith et al 2005). These 

functions include: knowledge creation, such as research; influence over research 

agendas; provision of resources—including capital technology and skills—when and 

where they are needed; the creation of ‘external economies,’ i.e. finding markets outside 

of a regime’s primary activity into which its technology and skills can ‘spill over’ to 

sure-up investment; and forming new markets for products created within a given 

regime (ibid). The resources—capital, technological, practical, and political—for 

performing these functions that aid the reproduction of technical systems are what 

regime theory treats as adaptive capacity, the second regime-level process that informs 

this approach’s understanding of sociotechnical change.  

Regimes that exhibit the most adaptive capacity in the face of selection pressures are 

generally those most impervious to being transformed or superseded as a result of these 

pressures; and the amount of resources allocated to this capacity is often proportionate 
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to the strength of these pressures (Smith et al 2005). One way to interpret the 

investment by the fossil fuel-powered electricity regime in carbon capture and storage 

(CCS) technology, for example, is that it is investing in adaptive capacity in the face of 

selection pressures emanating from climate legislation (ibid). It is not always the case, 

though, that actors from within the regime itself are the source of that regime’s adaptive 

capacity. Sometime this capacity is held within networks of actors outside an external 

regime (Christansen 1997, in Smith et al 2005). In this instance, niche practices that 

develop their own adaptive capacity outside the regime can be adopted by this regime, 

allowing it to adapt. Interpreted in a particular way, an early example of this could be 

the AC transformer, which developed outside of the incumbent DC electricity 

generation-transmission of the time, but was soon adopted and allowed the electricity 

generation regime to continue much as it had been before, freed of the long-distance 

transmission issue that had been exerting selection pressure (see Chapter 1; Hughes 

1983). 

This final point bears relation to the sociotechnical configuration of co-provision 

technologies. Niche configurations, once they have gathered internal momentum and 

left the “protected spaces” in which they developed, as well as exerting a level of 

selection pressure on incumbent regimes, must also accumulate their own adaptive 

capacity. It is very frequent for niche configurations, especially grass roots innovations, 

which show promise to—through lack of adaptive capacity—become ‘captured’ by 

dominant interests that may view them as “business incubators” with no other form of 

innovative diversity to offer (Seyfang and Smith 2010, 599). In this case, elements of 

niche configurations may diffuse through existing market structures, offering a 

‘shallower’ greening of the incumbent regime than might otherwise have been the 

case.
49

 Assembling the required resource that constitutes adaptive capacity poses a very 

serious intrinsic challenge for niche initiatives, again especially at the grassroots (ibid). 

Raising required capital can be very difficult, as can identifying the technology and 

skills required (ibid). The political resource required to provide niches with adaptive 

capacity is a complex issue, discussed in more detail in Chapter 4. It is partially relative, 

too, and a comprehensive regime-focused analysis of electricity supply in the UK finds 
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 The enforced installation of ‘Smart meter’ installations by energy firms could be interpreted in this 

way. Supra note 23 
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that political resource is a strong stabilising factor in the incumbent regime (Geels et al 

2015).         

3.3.3 Revisions and criticisms of MLP approaches  

This chapter’s account of approaches to sociotechnical change using the MLP provides 

an overview of transitions theory, and touches upon a sample the transitions literature. 

Given, then, that the account given here is incomplete, it would be inappropriate and 

unhelpful to attempt to formulate original criticisms of the transitions theory approach. 

However, without seeking to refute the relevance to environment and development 

research of such an approach, it is incumbent upon an account such as the one offered 

here to also mention criticisms that have been ventured elsewhere. One such criticism 

echoes precisely the internal transitions theory discussion about the ambiguity 

surrounding key theoretical concepts and phenomena in the real world. Even within 

regime theory’s nested approach there is room for inconsistency in the mapping of 

empirical data using theoretical concepts (Johnstone and Stirling 2015). Another 

criticism is that the focus on vertical levels can blind researchers to the importance of 

horizontal relations that link bordering regimes together. These horizontal relations may 

be in some cases the most significant to understanding the stability or discontinuity of a 

sociotechnical regime (ibid).  

This last point raises another, more serious criticism of MLP approaches and the 

theoretical concepts underpinning transition theory. This criticism concerns the 

adequacy of the regime concept itself, which, as an attempt to codify a complex set of 

relations, artefacts, institutions and norms into a discrete unit of analysis, may grossly 

oversimplify reality. On the one hand, the real-world ‘overlap’ between theoretically-

defined sociotechnical regimes are likely to make any regime so “radically polythetic” 

as to either make analysis impossible or, more likely, be overlooked in an MLP analysis 

(Coenen et al 2012, in Johnstone and Stirling 2015). Another criticism is that the simple 

hierarchy between landscapes and regimes may not be sufficient to capture the ‘power 

gradients’ which straddle multiple nested regimes but that do not qualify as being a part 

of the broader landscape (Johnstone and Stirling 2015). All told, these criticisms 

amount to the observation that the MLP approach in transitions literature is liable, in 

attempting to construct a codified categorisation scheme around social phenomena, to 
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end up “under-characterising the totality of salient relations in the real world” (ibid). 

This criticism may well be levelled at any inductive theory of social change but should 

nonetheless be taken careful account of when translating insights about sociotechnical 

change into policy terms.  

Summary 

Sociotechnical change cannot be understood purely in terms of investor-driven 

technological innovation. Approaches which focus only on this offer a disassociated 

view of technology that fails to account for its embeddedness in society, or for the 

institutional and socio-normative structures surrounding it that structure all 

technological development. Transitions theory is an emerging area of study which links 

transformation in large technical systems, rather than to exogenous developments in the 

‘black box’ of technology, to corresponding societal transformation. Within this 

conception, technological development is an endogenous societal process in which 

technology is defined as much by the social relations that link and govern the use of 

material artefacts—and the social context into which it is embedded—as it is by the 

material properties of these artefacts alone. A sociotechnical configuration is a 

reformulated concept of technology that encapsulates these social relations. Instead of 

the notion of technology as a set of material artefacts and engineering practices, 

sociotechnical configurations are comprised of an operational mix of artefacts, 

knowledge, and the relational norms between actors and groups of actors attendant to 

the ‘concrete societal contexts’ in which these technical artefacts are embedded (Rip 

and Kemp 1998).                           

The stronger and more entrenched the links are within this “seamless web” (Hughes 

1987) of elements that run through sociotechnical configurations the more stable it 

becomes. Sociotechnical regimes are formed when these configurations become stable 

enough to exert “institutional [or] market dominance” (Smith et al 2005) and structure 

future technological change (Rip and Kemp 1998). In this way, regimes are interlinked 

artefacts, firms, practices and procedures, rules, regulations, and cultural norms which 

both govern an activity such as electricity supply and dictate—to an extent—

sociotechnical innovation trajectories. One way in which radically novel configurations 

can diffuse through society, transform the regime and even alter the sociotechnical 
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landscape—i.e. broad social belief systems and material culture—is if they are able to 

develop in protective ‘niche’ settings. Niche innovations are radically novel 

sociotechnical configurations that develop through experimentation in a variety of 

market and grassroots settings that are characterised by a suspension of the normal 

‘rules’—be those market rules or cultural values systems—so that usual selection 

pressures do not apply (Seyfang and Smith 2007). According to transition literature’s 

strategic niche management (SNM) theory, historic regime transformation has occurred 

when macro challenges have caused pressure on a sociotechnical regime to reveal 

cracks caused by unresolved internal tensions; when this has happened niche 

innovations that have built up enough internal momentum—through strong guiding 

principles, social networks and learning—to diffuse ‘upwards’ and become widespread 

(Schot and Geels 2008).  

These cracks and tensions at the regime level are better theorised in the transition 

literature’s regime theory. This approach discerns between regimes at various levels of 

aggregation, which produces a nested hierarchy of regimes composed of broad spanning 

regimes, such as a bulk electricity supply network, and smaller nested regimes such as 

the onshore wind generating regime. There are two processes of change that occur at the 

regime level, where regimes must present adaptive capacity in the face of selection 

pressures. The second of these processes, selection pressures, can emanate from the 

lower level of the nested hierarchy of regimes in the form of competition from rival 

systems of firms; otherwise it can emanate from the broader landscape in the form of 

public attitudes which structure technological reproduction; or it can emanate from 

sociotechnical niches which challenge the incumbent regime. Technological 

reproduction is the function that maintains sociotechnical regimes. The resources 

required to retain this function against selection pressures are, collectively, the adaptive 

capacity of the regime. How successfully a regime is able to remain incumbent and 

avoid discontinuity is dependent on the relative pressure from selection pressures and 

the adaptive capacity it can call on either from within the regime’s members or from 

networks outside of the regime (Smith et al 2005).          

Electricity co-provision currently constitutes a niche practice, an exemplar 

sociotechnical configuration of which, based on field study observations, is displayed 

on Table 2. As a sociotechnical niche—a combination of sociotechnical innovation, a 
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protected space, and experimental practices—the co-provision configuration lacks the 

institutional or market dominance of a sociotechnical regime, and although it appears 

strong, based on SNM theory’s criteria, still relies on its protected setting. As such, it 

does not represent a “powerful vanguard for more sustainable futures, but a source of 

innovative diversity” (Seyfang and Smith 2007, 590). The sociotechnical learning 

outcomes of concrete the projects that operate within this niche, and included in the 

field study presented in this chapter, are carried by the strong social network of actors 

implementing these experiments, displayed in Figure 7.    

Transition theory provides an analytical framework with which to identify stabilising 

dynamics in sociotechnical regimes and promising niche innovations. Because the 

sociotechnical change processes and dynamics identified are a complex mélange of 

cultural, technical, legal-political, political, economic and infrastructural elements there 

is no ‘silver bullet’ that will either discontinue functional reproduction in unsustainable 

regimes, or rapidly diffuse sustainable niche innovations. Rather, ‘lock-ins’ must be 

painstakingly unpicked with work across all levels of society, from individual practice 

to supranational governance, and niche innovations must be built upon and shaped 

dialectically by broad societal input. It is this question of participation and diversity in 

decision-making around sociotechnical change processes to which Chapter 4 turns. This 

chapter asks, given how far the development and operation of technical systems 

structures social and economic life in the modern world, what challenges do dynamics 

of sociotechnical change pose to democratic governance and sustainable development?  

 

 

 

 

 

 

 



  88 

 

 

 

 

 

 

 

 

 

 

 

 



  89 

 

4 Technology choice: energy 

provision, innovation trajectories, 

and democracy   

“In policy debates around the world, there are few more effective ways to 

advocate a contested normative position (or vested interest), than simply to 

ignore alternatives and assert it as ‘the way forward’” (Stirling 2009, 4). 

Introduction 

This thesis is concerned with processes of sociotechnical change. It has presented a 

sustainability challenge intrinsic to the organisation of large technical systems that 

provide industrialised societies’ energy requirements. With aid of a sociotechnical 

analytical approach to an empirical study, and some attendant theory, it has defended 

the assertion that the longitudinal change these large technical systems undergo is a 

societal process, where decisions informed by culture, politics, and economics set 

sociotechnical systems on particular paths. These paths, over time, become constitutive 

of the landscape in which they exist; and in which diversity, in the form of alternatives 

to dominant sociotechnical innovation trajectories, is relegated to the domain of ‘niche’ 

practice. This coevolutionary dynamic in processes of sociotechnical change is well 

documented and understood in a broad range of academic literature (Hughes 1983; Nye 

1990; Rip and Kemp 1998; Coutard et al 1999), if not in research and policy discourses 

that treat technological change as an exogenous variable, its introduction into society 

shaped and moderated purely by market forces. Addressed only obliquely, thus far, is 

the diverse and shifting plurality of perspectives on what is considered the ‘ideal’ in 

terms of sociotechnical system arrangements. The inherently social nature of technology 

means that this ideal inevitably varies across different times and places and among 

different groups within each time and place. The series of societal technology choices 

that drive longitudinal sociotechnical change are, therefore, always the outcome of 

political struggles between these competing interests as they strive towards diffuse 

conceptions of ‘progress’ (Stirling 2009). It is the nature of this political struggle to 

which this chapter turns.   
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Examined first is the role of certain research and policy discourses in shaping 

technological innovation trajectories. It is argued that the dominant discourse in 

technology governance at present employs a unitary conception of ‘progress’ which acts 

to occlude the possibility of alternative sociotechnical paths. Next, the chapter moves on 

to briefly explore the political economic origins of this dominant discourse, and to 

further argue that there exists a democratic deficit in processes governing longitudinal 

sociotechnical change as a result. The discussion broadens to consider what innovation 

trajectories, and the research and policy discourse which shapes them, mean for 

sustainable development more generally. It attempts to couch the concepts constituent 

to this discussion in terms used in a sustainable development framework. Finally, the 

chapter concludes by locating the discussion here, along with the findings presented in 

previous chapters, within ongoing research in the field of science, technology and 

sustainability.      

4.1 The role of research and policy discourses in 

shaping sociotechnical innovation trajectories  

As alluded to by the quote opening this chapter, the nature of political struggle around 

technology choice is, at least to an extent, discursive. Stirling is arguing that in 

vigorously promoting normative visions for how sociotechnical change might unfold—

visions that reflect entrenched institutional, political-economic, and cultural 

orientations—powerful vested interests embed into policy, academic, and popular 

discourse an ontological assumption of the necessity of these visions (Stirling 2009). 

This is to say, these powerful interests are able to arrest, to a great extent, notional 

possibilities of technology choice by assuming a monopoly position on what constitutes 

human ‘progress’ itself; under this “unicursal” view of ‘progress,’ “the scope for human 

agency and social choice are… reduced to restricted manoeuvrings under an essentially 

fixed set of imperatives” (ibid, 4); this ‘fixed set of imperatives’ Stirling sums up as the 

dimensions of an implied ‘way forward.’ Unicursal-progressive discourses never 

question—because they cannot—whether or not this ‘way forward’ is, in fact, the 

only—let alone best—way to proceed: this would be to question progress itself! Instead, 

these discourses are dedicated primarily to answering questions relating to scale, 
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efficiency, and governance of the prescribed option, while excluding and denying the 

possibility of alternatives (ibid). 

Unicursal-progressive discourses are, perhaps, most obvious—and yet, curiously, no 

less powerful as a result—in areas such as bioengineering, robotics, pharmaceuticals, 

purchased inputs to agriculture, mass communications, weaponry, and energy 

(Hilgartner 2009; Stirling 2009). The governance of sociotechnical change in these 

fields, as in others, is subject to what Hilgartner terms the “innovation policy 

discourse,” which is institutionally embedded in, among other things, intellectual 

property law and founded on a “familiar narrative that casts innovation as a social good, 

the inventor (or author) as hero, the free rider as villain, limited property rights as the 

solution, and society as the ultimate beneficiary of the limited rights bargain” (2009, 

201). The castings in this narrative leave little room for doubt as to what the purpose of 

policy ought to be, and little room for discussion around a number of other salient 

issues. The role of policy is to maximise social welfare by stimulating innovation, 

because all innovation is a social good (ibid).
 

Questions of whether or not the 

innovation stimulated by this policy—the engineering of human cells, the genetic 

modification of and plant seeds, a civilisation-ending bomb, or anything else—is 

desirable, how it should be used, how it might structure the trajectory of sociotechnical 

change, and who should benefit is not a question with which this tranche of policy is 

properly concerned; and nor should proprietary right to these innovations—regardless 

of if they are human cells or the essential genetic materials for food production—ever 

be regulated or denied so far as to open the door to ‘free-riders.’ This would ‘choke off’ 

innovation in these fields and—it follows in this view—stall or curtail human ‘progress’ 

(ibid).
50

 

What makes unicursal-progressive discourses most obvious in the areas listed above is 

the level of divergence in—and also, therefore, irreconcilable tensions between—the 

powerful competing normative visions within each of these fields. The stark plurality 

here in normative visions for the direction of longitudinal sociotechnical change is, in 

turn, a reflection of these particular technologies’ world- and civilisation-shaping 

                                                 
50

 The only real debate to be had, therefore, is how to use policy to stimulate this innovation. Opposing 

views in this discussion are intellectual property maximalists and intellectual property minimalists. Each 

have mutually-contradicting economic models which ascribe better incentive structures benefiting heroic 

innovators provided, variously, by stronger rights in maximalist models, and weaker rights in minimalist 

models (Hilgartner 2009).    



  92 

 

potential. This is to say that the possibility afforded to societies by science and 

technology since the time of the Manhattan Project onwards have led to increased 

scrutiny of any assertion that technological innovation always ‘naturally’ and 

necessarily follows a single path towards an unproblematic and unitary conception of 

‘progress.’ In an era where human civilisation can be held hostage or wiped out by 

weaponry—atomic, biological, etc.—systems, where the manipulation of embryotic 

genomes can be used in order to ‘design’ foetuses, where plant genetic material required 

for food and agriculture can be reduced to a technological commodity, where human-

made emissions cumulatively and irrevocably alter climatological systems, it has 

become a little more difficult to continue to assert that innovation—even of mundane 

artefacts—is along a fixed, natural trajectory to which there are no alternatives other 

than regression to the quasi-metaphorical Stone Age (Hilgartner 2009; Stirling 2009). 

These technologies spurred the realisation over the second half of the twentieth century 

that “questions about the shape of technological systems [are] nothing less than 

questions about the future shape of societies” (Hilgartner 2009, 205).
51

 Emergent from 

this realisation are alternative discourses that offer a more pluralistic conception of 

human progress, and which question the distribution of control of technological 

innovation trajectories, the allocation of associated risks and benefits, and the very idea 

that progress is embodied in uniform—as opposed to diverse—visions of longitudinal 

sociotechnical change (Hilgartner 2009; Stirling 2009; Stirling 2015).
52

 These 

discourses are already institutionalised in a number of ways. There are advisory 

committees appointed by governments that are intended to increase transparency and 

accountability over technological governance, think tanks and similar bodies tasked 

with researching the potential impacts of technology policy, public consultation fora on 

infrastructure planning decisions, and a host of civil society institutional entities that 

advocate and campaign for a greater public participation in the decision-making 

processes related to innovation trajectories, especially in the more vigorously-debated 
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 Hilgartner cites a broad range of sources in support of this assertion. See Bijker 2006a; Jasanoff 2005; 

Jasanoff 2006; Wajcam 2006; Winner 1986; Nowonty et al 2001; Nelkin 2001; Mackenzie 1990; Latour 

1992 
52

 In-depth and multidisciplinary discussions of the manifestation of these alternative discourses are found 

in, among others, the politics-of-technology perspective (Hilgartner 2009) and the ‘New Manifesto’ on 

innovation, sustainability and development which draws on collaborative research by the STEPS Centre. 

This is an initiative by the UK Economic and Social Research Centre at the University of Sussex on 

Social, Technological and Environmental Pathways to Sustainability (STEPS). http://steps-centre.org/  

See Stirling 2009; Stirling 2015.   
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areas listed above (Hilgartner 2009). There remains debate, however, over how 

effectively these institutions genuinely facilitate participatory and representative 

democratic governance of longitudinal sociotechnical change (ibid). 

4.1.1 ‘No alternative’ rhetorics  

One reason for this could be that unicursal-progressive discourses continue to be the 

dominant paradigm in salient research and policy agendas. At a high level of decision 

making the rhetoric around innovation continues to imply the political neutrality and 

inevitability of unicursal pathways. It is not unusual for governments to declare 

themselves to be ‘pro innovation’ without feeling any compunction to specify the 

innovations of which they are in favour (Stirling 2015): all innovation is intrinsically a 

social good and there is only one, pre-ordained path along which longitudinal 

sociotechnical change will unfold. Seemingly, the only variable to consider is the speed 

and efficiency with which this progress can be attained; this is a question of markets and 

the appropriate levels of regulation and subsidy (Stirling 2009). The effect of this sort of 

discourse is twofold. On the one hand, it leads to the aforementioned characterisation of 

opponents to certain sociotechnical innovation trajectories as ‘anti-technology’ or even 

‘anti-science’ and ‘anti-reason’ (ibid). This characterisation is justified in light of the 

second effect of unicursal-progressive discourses. This is that the possibilities of 

alternatives to the current course are occluded by the often quite explicit assertion that 

they simply do not exist (Stirling 2009). 

This is an argument commonly deployed in areas such as genetically-modified crops 

and nuclear energy, which are both often portrayed as ‘essential’ and ‘the only way’ to 

ensure future food and energy security (ibid). On this latter subject, the British Secretary 

of State for Energy and Climate Change, Amber Rudd, has specified that nuclear power 

is ‘essential’ to securing base load electricity requirements while meeting carbon 

emissions targets.
53,54 

This assertion is both imparted and received by all manner of 

experts as fairly non-contentious, conventional wisdom. The logically arrived-upon 

converse to this assertion is, then, that it is not possible to provide all of a society’s 

energy requirements with distributed renewable alternatives to nuclear in an electricity 
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ing_renewables_cant_do_better.html last accessed 08.04.16 
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co-provision model. Although some growth in distributed micro generation might be 

welcomed, co-provision does not, in this narrative, represent an alternative 

sociotechnical innovation trajectory to nuclear power. In fact, as many advocates of 

nuclear power will gladly explain, there are no alternatives (ibid).  

It would be very difficult, if not impossible—and would require retreating into in-depth 

technical appraisal comprehensible only to select experts—to either prove or disprove 

categorically assertions such as these, especially as the technical-economic parameters 

of what is possible can change very rapidly. Discursively, however, and by building 

arguments based on historical evidence, it is possible to criticise ‘no alternative’ 

rhetorics as somewhat self-fulfilling prophecies. Synthesising a broad range of 

disciplinary approaches to the study of historical sociotechnical innovation trajectories, 

Stirling describes an understanding of technologies that “may—like biological 

species—evolve in a variety of alternative directions” (2015, 14).
55

 He explains that 

while  

“not all directions are intrinsically feasible or contextually viable
56

…at any 

given point (for any specific artefact, as for entire infrastructures), there are 

typically a number of contrasting trajectories along which developments 

may progress.
57

 At each stage, various social, institutional, cultural and 

political mechanisms act to build highly selective social commitments that 

realise the actuality of only a restricted subset of these diverging 

potentialities.
58

 As evolution unfolds, then, so pathways emerging earlier 

are ‘closed down’, but other possibilities are ‘opened up’
59

” (ibid). 

To ignore the power of social commitments in structuring the historic trajectory of 

sociotechnical innovation is a form of historical determinism, which assumes that all 

longitudinal sociotechnical change unfolds inevitably and along a pre-ordained path, 

free of social contingencies or normativities (ibid). This deterministic view of past 

change supports ‘no alternative’ rhetorics that form a part of unicursal-progressive 

discourses: in essence constituting the “culturally defined possibilities” for ongoing 

sociotechnical change (Rip and Kemp 1998). Of course, as the above makes clear, to 

allow for the sociocultural contingencies of technological innovation trajectories is not 
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the same as to assert that anything is possible; it is merely to observe that ontological 

assumptions are often made based on normative interpretations of past events, and these 

assumptions help to define the limits of the possible with regards to ongoing 

development (Stirling 2009). Ergo, it can be argued, assertions based on these 

assumptions can act as self-fulfilling prophecies. 

4.1.2 Acknowledging electricity co-provision 

After stripping back the normatively-derived assumptive aspects of “no alternative” 

rhetorics, it still remains to be determined on a case-by-case basis the ‘intrinsic 

feasibility’ and ‘contextual viability’ of the erstwhile-occluded alternatives that move 

into view as a result. Chapters 1-3 of this thesis have been concerned with building a 

picture of the past and present potentialities of technical and infrastructural evolution of 

electricity systems, selectively pointing to where certain pathways have been variously 

‘closed down’ or ‘opened up’ as a result of cultural, political, economic and institutional 

contingencies impacting certain technological innovations. It has done so with a view to 

describing the situation today where, despite the technical feasibility of co-provision as 

an alternative pathway along which future sociotechnical change could evolve—with 

promising sociotechnical configurations already developing—this is in the context of a 

strong social commitment to centralised bulk power (see Chapter 3).  

As has been discussed, this commitment dates back to broad sociopolitical and 

institutional shifts in the early twentieth century, before which decentralised and 

heterogeneous technical-institutional arrangements for electricity supply were the norm 

(Hughes 1983; Guy et al 1999). In the unicursal-progressive discourse described above, 

this move to centralised bulk power is interpreted as simple, unassailable, ‘progress.’ 

Centralised bulk power was the destination at which all development of electricity 

supply systems was pre-destined to arrive, in this universe as in myriad alternative 

universes.
60

 In an alternative, more plural-progressive discourse, however—to which 

Chapter 1 alluded—it might be argued that far from being inevitable, the evolution of 

electricity systems was along lines structured by prevailing normative visions and other 
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 Stirling invokes Voltaire (1759) in describing this discourse, which he points out takes “a Panglossian 

form, in which all that actually occurs is for the best ‘in the best of all possible worlds’” (2009, 10).   
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social contingencies; these which determined the outcome of political struggles that 

may well have, in other universes, led developments along myriad alternative paths.  

The distribution of power, risks, and benefit pertaining to these political struggles is 

discussed below shortly. First, however, it is needed to briefly qualify the bold 

counterfactual claim made above. How is it possible—given the incalculable number of 

variables and contingencies contained within twentieth century history—to state with 

any credibility that the evolution of sociotechnical systems for electricity supply may 

have been along a radically different path were these variables and contingencies 

aligned differently? What would be the purpose of such a statement? The answer may 

be that, while it is not possible to credibly describe particulars of hypothetical 

alternative pathways, it is important nonetheless to seriously entertain the possibility of 

such alternatives, if only to not allow a deterministic interpretation of history to 

structure current developmental possibilities. Besides this, in the case of alternatives to 

the continuation of centralised bulk power in the form of increased nuclear generation 

capacity, it is only necessary to look back as far as 2003. Here it is possible to find 

credible evidence supporting a counterfactual claim that one possible subsequent 

sociotechnical evolutionary pathway may have led to a different sociotechnical situation 

in 2016. In this counterfactual alternative situation new developments of nuclear have 

been abandoned in favour of developing a more decentralised national network built 

around a co-provision model. Evidence that it is merely credible entertain the possibility 

of such a scenario is found in a 2003 white paper, published by the Department for 

Trade and Industry (DTI), on energy policy goals. It states explicitly: 

“The electricity distribution networks—designed for one-way transmission 

from large, centralised power stations to consumers—will need to adapt 

[over the next 20 years] to more renewables often in peripheral parts of the 

country and offshore and to small-scale, decentralised power generations in 

homes and businesses, sometimes drawing from the grid, sometimes 

contributing to it” (DTI, 2003, 10 [16]).              

The strong, normative vision of a developmental path leading towards electricity co-

provision set out in this White Paper does not rule out the possibility of reintroducing in 

the future a nuclear energy option—which it describes as “undesirable” under 2003 

economic conditions—but states that this would only occur after the “fullest public 

consultation” (ibid, 12). The emphasis of the vision described in this paper is on energy 
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security delivered by a diverse range of renewables, co-provision, and devolvement of 

control over energy supply to the regions, with greater involvement at the community 

level. This White Paper, which describes itself as the final product of “the most 

significant consultation on energy policy ever undertaken in the UK” (ibid, 20) is very 

far removed from the received wisdom not 15 years later that there simply exist no 

alternatives to the continuation of centralised bulk power and the development of new 

nuclear capacity. 

Prior research in the field of sociotechnical innovation trajectories has read much into 

the significance of this White Paper and the circumstances surrounding the revision 

issued three years later, which represented somewhat of a ‘u-turn’ on nuclear energy 

policy.
61,62 

This revision was based on a much smaller and hastier consultation found 

later by a judicial review to be “seriously flawed” and “procedurally unfair,”
63

 leading 

to a delay in plans to replace expiring nuclear plants. The ‘no alternatives’ rhetoric—as 

applied to nuclear power as a source of base load electricity in the UK—was born in 

this abortive document, and has substantially outlived the memory of the botched—

from a common law perspective, at least—public consultation upon which it was 

founded. Of interest when trying to better understand the political struggle that informs 

longitudinal sociotechnical change, then, is what occurred to cause this watershed 

moment in energy policy discourse. What caused “Our Energy Future”—the title of the 

2003 White Paper—to go from being distributed and renewable to decidedly more 

centralised and nuclear? The below section moves to incorporate into the discussion of 

the discursive dimensions of the political struggle that informs directionality in 

sociotechnical change the distributional aspects of power, risk, and benefit associated 

with sociotechnical innovation trajectories in energy systems.  

To be clear, this argument is not—so far—attempting to make the normative case for 

choosing a co-provision path over a centralised bulk nuclear power path:
64

 both options 

have been championed by authoritative expert sources as a potential solution to the 

complex puzzle of providing industrial societies’ energy requirements while making 
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necessary carbon emissions reductions (Craven and Rhodes 2003 in Stirling 2009). Nor 

are these the only two credible potential pathways to achieving this goal. Other options 

include carbon capture and storage applied to some continued coal- and gas-fired 

generation, a path that prioritises deep efficiency and changes in user practices, smaller 

scale and more decentralised nuclear fission, centralised bulk power provided by huge 

banks of renewable energy generation, and various imaginings of a ‘hydrogen 

economy’ (IPCC 2005; Patterson 2009; Craven and Rhodes 2003; Scheer 2004; Holland 

and Provenzano 2007 in Stirling 2009, 16). The level of societal commitment required 

in order make each of these broad options viable ‘closes down’—incompletely and to 

varying extents—possibilities for choosing the others. Far from being a matter settled 

by supply and demand creating incentives and driving microeconomic investments in 

one direction or another, this happens at the highest level of policy making, where 

macroeconomic decisions are taken about the shape of infrastructures in which these 

markets operate (ibid).  

The normative sociopolitical argument being presented is, rather, following Stirling 

(2009; 2015), that given this, for technology choices to be truly democratic and 

participatory, a more plural notion of ‘progress’ must be accepted; the existence of all 

alternatives for sociotechnical innovation trajectories must be acknowledged—rather 

than actively occluded—from research and policy discourses; full and transparent 

public consultation mechanisms must be used in order to ensure that the technology 

choices made concerning available options are made on the basis of open and 

participatory democratic decision making. The ontological assertion, following Stirling 

(2009) and Hilgartner (2009), is that, for reasons not yet fully explored here, this is not 

happening—at least not to the extent to which it satisfies the terms of this argument—

under the current regime of governance over sociotechnical innovation trajectories.                      

4.2 The ‘politics of technology’: questions of 

power, risk, and benefit   

The democratic deficit in societal processes of technological decision making, outlined 

above, is fundamentally an issue of distribution. This distributional aspect of innovation 

trajectories can be divided between multiple interrelated ‘dimensions’ of distribution 

(Stirling 2009): distribution of power over technology choice, and distribution of the 
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risks and benefits attendant to the outcomes of these choices. As the above section of 

this chapter has argued, where debate is limited to one dominant group’s narrow 

conception of the ‘social good,’ and this conception becomes a hegemonic force in 

societal processes of technological decision making, then technology choice cannot be a 

matter of properly informed, participatory public discussion. Instead, it could be added, 

it becomes a closed and hierarchical affair, where power over innovation trajectory is 

held by a small elite who are able either to cognisantly align the distribution of risks and 

benefits with their own interests, or are at least held to be unaccountable for failing to 

ensure an equitable distribution of these risks and benefits; this latter point being a 

result of the presupposition of inevitability and political neutrality of technological 

innovation trajectories in the research and policy discourses which maintain these 

closed decision making processes.   

4.2.1 Innovation policy as liberal economics  

In one sense, then, the question of how to govern sociotechnical change is both 

analogous and inextricably intertwined with the familiar and well-rehearsed twentieth 

century opposition between liberal and socialist economics, concerning the nature of 

human knowledge. The ‘innovation policy’ discourse around sociotechnical innovation, 

outlined in the previous section, has embedded in it the ‘liberal principle of neutrality’ 

(O’Neill 1998). This is the principle underpinning the belief held by liberal economists 

that economies ought properly be free of all normative interventions, even by 

democratic institutions such as states, in order that “decisions are not constrained 

directly by social custom and ethical goals, but rather respond to a system that proceeds 

independently of these” (ibid, 5). This ‘independently proceeding system’ is the market 

value of propriety rights over goods,
65

 changes in which are the “unintended 

consequence of the collective outcomes of individual actions of agents” (ibid). Because, 

therefore, decisions taken in these economies are as the result of unintended 

consequences of dispersed action, they are claimed to be inherently politically neutral in 

the sense that no individual conception of ‘the good’ has been able to impose itself on 

the collective outcome (ibid).  
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 For the purposes here, this discussion follows O’Neill in presuming that “the goods that can be 

exchanged need not be material entities, but can also include for example skills, information, knowledge, 

and capacities to work,” which includes, therefore, “labour power” (1998, 5). 
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O’Neill uses the distinction of an active ‘principle of neutrality’ in order to define 

‘market economies’ in opposition to ‘non-market economies,’ where the former are 

national economies in which “the only role of politics
66

 is to frame a set of abstract rules 

that make the catallactic order of the market possible” (ibid, 20). A non-market 

economy simply denotes an economy in which “economic decisions are constrained 

directly by social needs and customs” (ibid, 5). This conception allows non-market 

economies to take the form of many types of polity, with various levels of intervention 

into the economy by non-market institutions; these could include anything from a social 

democracy with public ownership or high levels of regulatory oversight of trade and 

industry, to communist dictatorships (Cumbers 2012).
67

 Both the logic used to assert the 

ostensible neutrality of economic decision making in market economies, and the 

normative case for democracies pursuing a market economy as a vision of good 

governance, have roots in the Austrian school of liberal economics
68

 and, most 

famously perhaps, the writing of Friedrich Hayek. Hayek’s (1944) appropriately-titled 

work The Road to Serfdom argues that all attempts by the state to impose a conception 

of ‘the good’ onto economic decision making, even if entered into in a spirit of 

democratic plurality, inevitably leads to the suppression of individual freedoms and to 

tyranny (Cumbers 2012). In the face of this inevitability, it follows, free markets are the 

only answer to the question of economic decision making in a pluralist society (O’Neill 

1998).  

The rationale for this has to do with the nature of human knowledge. The neutral system 

of dispersed actions by individuals pursing diffuse conceptions of ‘the good,’ which 

governs economic decision making in market economies, is fundamentally a system 

constituted of knowledge: the practical knowledge required for the production of 

goods—including, crucially, the production of new knowledge required to further 
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 There are, within this, varying conceptions of ‘politics’ and the site of neutrality (O’Neill 1998), that 

are too numerous to explore in depth here. This discussion uses ‘politics’ in its broadest sense to include 

alongside formalised political fora a plural notion of the ‘public sphere’ as a forum for civil society 

debate. See Fraser 1990.        
67

 This rather essentialising conception of different types of polity is useful for discursive purposes, 

O’Neill (1998)  argues, and of high heuristic value provided that conclusions are properly subject to 

empirical scrutiny and revision. Even polities and industries that would classify in this definition as 

market economies or free markets have, in reality, at least some—and often much—regulatory oversight, 

for example (Wollmann et al 2011).    
68

 Which is not to conflate Austrian economics with, for instance, neoclassical economics. The former 

remains a heterodox economic tradition in its own right, which offers a “richer theory of market processes 

than the utility-maximising equilibrium approach” of the latter (Burczak 2006, 4).    
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enhance societal welfare, or innovation, to unite vocabularies—and the knowledge of 

consumers’ “needs and demand” (Cumbers 2012, 64).  Hayek’s major concern with the 

idea of centralised economic planning—the mechanism by which classical socialism 

seeks, through the state, to constrain economic decisions with social need (O’Neill 

1998)—was that this knowledge is tacit, socially constituted, and highly dispersed, 

meaning that it is impossible for any economic actor to hold perfect knowledge; in all 

cases this will mean that when the state attempts to mediate the economy on behalf of a 

pluralist society it will lead ultimately to the tyrannical imposition of subjective and 

fragmented knowledge into economic decision making, limiting the freedom of 

individuals (ibid; Cumbers 2012; Burczak 2006). Free markets are, in this conception 

therefore, the only way to ensure prosperity and innovation and to safeguard 

democracy.   

4.2.2 Technology choice as consumption  

The embeddedness in the dominant ‘innovation policy’ discourse of the Hayek-inspired 

assertion and defence of neutrality in market economies is testament to the validity of 

Miller’s (1995) observation about the state of political debate. He notes that the 

twentieth century opposition between liberal and socialist economics has “emerged as 

the paradigmatic dimensions upon which are clustered most ‘opinions’ held by general 

populations with regard to anything from political preference to general orientation and 

behaviour” (Miller 1995, 2); which is to say, “in short, modern politics has become a 

mere dependent on modern economics” (ibid). Within this paradigm—and offering 

further explanation as to the power of the innovation policy discourse—is the post-

Soviet tendency in political debate for ‘the Left’ to cede ‘victory’ to the liberal side of 

the argument (O’Neill 1998). This it does either by choosing to ignore issues of 

economy altogether (ibid), or to embrace the market while continuing to advocate for 

forms of ‘thin socialism’ (Cullenberg 1992 in Burczak 2006). As such, the innovation 

policy discourse, with its attendant no-matter-what valorisation of the ‘innovator’ and 

‘no alternatives’ rhetorics, fills the ‘intellectual vacuum’ (Cumbers 2012) created by the 

absence of a successful attempt to mount a defence of processes governing innovation 

trajectory using mechanisms other than the market; this ongoing regardless of the 

nominal ‘left’ or ‘right’ orientation of the political party in power (ibid).         
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A defining feature of the models of society offered by modern economics—and by 

extension, therefore, by politics and popular discourse—and salient to the discussion 

here of the democratic deficit in sociotechnical decision making processes, is a 

particular conception of the public as “the aggregate of desocialized, individual, rational 

choice-makers” (Miller 1995, 15). This is a conception which, in innovation policy 

discourse, translates into a view of “the public as ‘consumers’ of prepackaged 

technologies rather than ‘citizens’ engaged in shaping them” (Hilgartner 2009, 209). 

This consumer, it cannot be denied, has—collectively with their fellow aggregate 

consumers—the partial power to arbitrate longitudinal sociotechnical change through 

choosing between the commercial options presented to them by the market (Miller 

1995, 15). This choice is limited, however, by the distinction made between the public 

as consumers and the innovator as producer—of new knowledge, technology, and 

services. Miller describes this distinction as a tendency by economics and politics to 

homogenise the consumer “as choice, but also as mere choice” (ibid). The “profound 

irony” of this is that it causes consumption to appear as the epitome of choice when in 

fact—where the consumer is separated so completely from production—something 

close to the antithesis is true (Miller 1987, in Miller 1995):  

“to be a ‘consumer’ as opposed to being a producer implies that we only 

have a secondary relationship to goods. This secondary relationship occurs 

when people have to live with and through services and goods that they did 

not themselves create” (Miller 1995, 16).  

This separation of consumption and production is doubly true of the consumption of 

energy. Double in the sense that energy—in the form of electricity and natural gas—is a 

commodity in its own right, but the use of energy is mediated through a host of other 

commoditised material artefacts, from buildings to toasters (Shove et al 1998). Under 

current centralised bulk supply arrangements for electricity, aggregate consumers can 

choose between different electricity suppliers’ different tariffs, different billing 

methods, and an increasing number of differentiated service bundles offered by 

retailers. Consumers can also choose to buy or not buy a growing product range of 

efficient energy-using artefacts, building efficiency improvement, solar panels, storage 

batteries, and combined heat and power units for their homes; all of which can augment 

or reduce the need for goods and services purchased from licensed energy suppliers. 

Some firms, products and services will flourish as a result of these choices, while others 
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will disappear. As argued in the previous section, however, no amount of consumers’ 

choosing to buy or not buy certain goods or services is superordinate to the social 

commitment to the continuation of centralised bulk power, signalled by a policy 

discourse which privileges building new nuclear capacity (Stirling 2009). The public, so 

long as they remain to be viewed as aggregate ‘choice-makers’ with recourse only 

through the market, do not have the power to choose their technological future.  

4.2.3 Innovation trajectories as ‘hazards’ in sustainable 

development frameworks  

Power over shaping innovation trajectories is not, then, distributed equitably by the 

market. While the research and policy agenda around governing longitudinal 

sociotechnical change remains grounded in a liberal economic discourse that asserts and 

promotes the political neutrality of technological innovation, this power is not granted 

to citizens via the institutions of the state, either. In this ‘innovation policy’ discourse, it 

is assumed that the heroic innovator, by investing knowledge and capital into their 

invention, is taking all of the risk, and therefore as a reward is entitled to the benefits—

in the form of profit—produced by their invention following its success in the market. 

This incentive is what drives innovation and—by extension—human progress forward 

(Stirling 2009); this is the essence of capitalism.
69

 This discourse, however, ignores 

distributional dynamics of other types of risk not associated with the chances of a 

particular technology failing to provide a return on investment, but rather to do with the 

‘adverse collateral’ effects of a certain sociotechnical innovation trajectory (ibid; 

Hilgartner 2009). This is an issue in which questions of sustainable development have a 

direct stake.  

It is a well-recognised paradigm in development studies that the negative impacts of 

unpredictable hazards such as natural disasters and economic downturns are not 

equitably distributed between socioeconomic groups, and that existing inequality of 

opportunity, income, and wealth all contribute to the increased vulnerability to shocks 
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 The global nature of intellectual property law means that it is capital that assumes the role of innovator 

by acquiring the proprietary rights to patents of new inventions. Inventors employed by a firm do not own 

their inventions, which are appropriated by their employer. Thomas Edison, for example, did not 

personally invent a large proportion of the technology for which there are patents in his name, but rather 

his employees did; this is in part why Edison is often put in the select category of figures in history 

referred to as inventor-entrepreneurs (Hughes 1983). Edison is rare, because he was both an inventor and 

a capitalist. The norm is for capital to have no direct role in invention (ibid).    
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of the poorest of these groups (Banik 2010). The ‘indeterminacy’ of the consequences 

of choosing one sociotechnical path over another—particularly in the key fields of 

technology innovation which will structure future energy, food and agriculture, and 

health systems—must be treated as another potential hazard (Hilgartner 2009); this 

incertitude is an immutable tenet of all technology choices, and so the hazard remains 

regardless of any specific path taken (Stirling 2009). The hazards in question can be 

broad and general, and include air pollution, toxic contamination, and even include 

climate change. Alternatively, they could be specific to a certain technology or 

industrial process, such as the processing of nuclear waste. The risk posed to society by 

this hazard, however, is not a matter of aggregate inevitability, but again unevenly 

distributed by social contingency. Models in development theory demonstrate how risk 

is the product of hazard and vulnerability multiplied together (Manyena 2012), meaning 

that those already most vulnerable to shock stand to suffer the most as the result of 

hazards arising from technology choices they have little power to influence.  

The answer to this unequal distribution of risk arising from any given sociotechnical 

innovation trajectory is not, of course, to become paralysed by concerns over the risks 

of technology choice to the point where the worst fears underlying ‘innovation policy’ 

discourses are realised, meaning that innovation is curtailed and human progress stalled. 

Primarily, addressing the lack of capacity of vulnerable groups to self-determine on 

issues contributing to their vulnerability
70

 will incrementally ensure a more equitable 

distribution across society of risks posed by all hazards—natural, economic, 

technological. Additionally, however, a discursive shift in research and policy affecting 

sociotechnical change would also help to reframe the issue of risk in such a way as to 

improve democratic representation—if not direct participation—in technology decision-

making processes. In the unicursal-progressive innovation policy discourse, the hazards 

posed by technological innovation trajectories are “regarded as a necessary consequence 

of inevitable orientations for change,” meaning that while hazards, and even risks posed 

to particular socioeconomic groups by these hazards, must be “‘managed’… their very 

existence raises no particular issues of responsibility or accountability” (Stirling 2009, 

19). If these ‘inevitable orientations’ are replaced in research and policy discourse with 
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‘a choice between alternative orientations,’ then more accountability may follow as a 

result. 

Following Bijker (2006b), Stirling flips this notion of societal vulnerability to 

technological hazard to provide the converse notion of technological vulnerability to 

society. This is to say that in addition to the poor being subject to inequitable 

distribution of risk associated with hazards caused by technological choices over which 

they have little control, it is also the case that “the technological choices that might most 

favour the interests of the poor… are also themselves disproportionately curtailed” 

(Stirling 2009, 19). Stirling expands upon numerous cases of technological choices that 

exemplify this type of vulnerability. It is salient to consider this idea as well, however, 

in relation to the discussion here of electricity co-provision. As outlined in the previous 

section, co-provision was a choice considered desirable in 2003, but curtailed in 2006 

by renewed nuclear expansion agenda and the subsequent research and policy discourse 

now dominant in energy governance. Given the level of indeterminacy attached to all 

sociotechnical innovation trajectories, it is impossible to say categorically now that 

pursuing a co-provision path over centralised nuclear path is more beneficial to 

disadvantaged socioeconomic groups in the UK. However, this has not prevented 

researchers in the area from theorising what these benefits might be. Once such theory, 

conceptualised in the notion of ‘energy democracy,’ is that the right configuration of co-

provision technologies will provide energy cheaply and sustainably by giving users 

propriety rights to the means of production and to surplus value, which as a result will 

be kept in the local area, improving welfare further (Kunz and Becker 2014).
 
 

Energy democracy, then, is a theoretical concept underlying a normative vision for the 

direction in which sociotechnical innovation in energy provision might progress. As 

such, even here, democratic participation in energy provision—leading to the 

empowerment of vulnerable socioeconomic groups—is not viewed so much as a means 

of sociotechnical change, but as a desirable end; in this case as a result of an innovation 

trajectory towards electricity co-provision. Stirling argues that it is not required to take a 

partisan stance on any specific normative vision in order to acknowledge that “the very 

possibility of empowering trajectories compounds the inequities of the intrinsically 

social obstacles to their realisation” (Stirling 2009, 21). Put another way, in choosing 

one path over another there is always a chance that the path not chosen presents the 
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more equitable or empowering sociotechnical trajectory; this, when it is ‘closed down,’ 

becomes a missed opportunity. This is true regardless of how democratically this choice 

is made, but—as shown by the presentation, above, of technological vulnerability—the 

probability is increased when there is a democratic deficit in the decision-making 

process. Hazard inherent to sociotechnical innovation trajectory, then, is not necessarily 

confined to the actual ‘adverse collateral’ effects of the chosen path, but could also be 

thought of as the continuation of social ‘bads’—environmental degradation, poverty and 

inequality, and so on—that would otherwise have been mitigated by the path not taken. 

This would allow that—in terms of the sustainable development framework on hazard, 

vulnerability, and risk—missed opportunities are a hazard which can, conceptually, be 

treated in the same manner as the tangible hazards that are by-products of opportunities 

which are realised. The cost to society of missed opportunities could, therefore, be 

thought of as another complex ‘macro externality’ not duly accounted for in unicursal-

progressive research and policy discourses around technology change.
71

     

As stated, this discussion is not attempting to make the normative case for choosing a 

co-provision path over the current centralised nuclear innovation trajectory. It is rather, 

arguing that the regime governing societal technological choices suffers from a 

democratic deficit created and maintained by a research and policy discourse which 

occludes promising alternatives such as co-provision. Deconstructing this democratic 

deficit in technology choice reveals that, intertwined with an uneven distribution of 

power in processes structuring the technology future, is an uneven distribution of risk 

associated with the hazards of that future, including hazards in the form of missed 

opportunities. These risks and other social costs, although largely the product of 

underlying poverty and vulnerability to shocks, are not countered by a sense of 

responsibility or accountability by those making the technology choices. This is due to 

the perceived inevitability of any sociotechnical innovation trajectory upon which 

society ends up. The solution suggested by the nature of the problem in this case is 

simply a discursive shift away from a unitary view of progress, which holds all 

opposition to a given innovation trajectory as generally ‘anti-technology,’ to a plural 

view of progress (Stirling 2009). The latter being a view which replaces the faulty 
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 Both the extension here of the conceptualisation of hazard to include missed opportunities, and the 

description ventured of the social cost incurred by this extended notion of hazard as a ‘macro externality,’ 

were suggested by Desmond McNeill (personal communication).   
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‘principle of neutrality’ in a system of innovation that responds to the demand of a 

desocialised aggregate consumer, whose choice is limited to options commercially 

available on the market (Miller 1995), with a principle of socially contingent diversity. 

This would create a system of innovative diversity which is sensitive to local context 

which, far from being a radical idea, is a basic cornerstone of sustainable development.                                   

4.3 Ongoing research: sociotechnical 

(dis)continuation in theory and practice   

The discussion in this chapter has been regarding the general nature of the political 

struggle that inevitably structures longitudinal sociotechnical change. During the course 

of exploring this issue, the discussion raised a more specific question of an empirical 

nature. It asked what happened between the years of 2003, when a landmark public 

consultation appeared to signal a new social commitment to an innovation trajectory 

towards co-provision, and 2006 when this was reversed and a ‘nuclear renaissance’ was 

announced. The discussion may obliquely insinuate some half-answers to this question, 

but it is certainly not addressed satisfactorily here. The question is salient to a direction 

now being taken by a newly self-identifying community of researchers in the field of 

science, technology, and sustainable development. This is to say that the study of so-

called ‘sociotechnical discontinuation’ is not new, but that it has not until recently been 

considered as a discrete research area (Johnstone and Stirling 2015). The study of 

discontinuation can, perhaps, best be understood in light of the observation that 

sustainable transitions imply more than just creative innovation, and require also 

“parallel processes of decay and the radical unmaking of unsustainability” (Shove and 

Pantzar 2006 in Shove 2009).  

Studying the governance of the discontinuation of large sociotechnical systems which 

simultaneously contribute to climate change and other unsustainable processes while 

acting to ‘close down’ more sustainable innovation trajectories, then, has become a 

theoretical and empirical subject in its own right, enacted into being by the pan-

European DiscGo research project.
72

 The broad dimensions of a theoretical 

understanding for why unsustainable incumbent centralised bulk power arrangements 

may be locked-in by a deep social commitment are provided throughout the chapters of 
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this thesis. A simplified premise for this understanding is that in centralised bulk supply 

networks, institutional power is held by the actors with propriety access to the grid, and 

those who own the core artefacts constituent to the configuration of the system 

(Summerton 1999). This explains the tendency for prioritising innovation in supply-

orientated configurations over demand-orientated configurations such as co-provision, 

as it allows incumbent institutional elites to hold on to more of the power that is 

concentrated by centralised arrangements (Stirling 2009).
73

                                          

A discrepancy between the UK and Germany in policy attitudes towards continuation of 

nuclear energy specifically, however, has raised a serious challenge to all existing 

theory, and made cause for rethinking the dynamics of sociotechnical change in this 

area (Johnsone and Stirling 2015). While the UK abandoned a decade ago its aspirations 

for a radical transformation of its energy provision from centralised bulk supply to co-

provision using distributed renewables, Germany has fully committed to the 

discontinuation of nuclear in favour of this co-provision innovation trajectory. One tract 

of research under the DiscGo project, then, has been the in-depth empirical study of the 

regimes in both countries governing sociotechnical (dis)continuation of nuclear energy.  

This work is ongoing, but the early findings are interesting. The research takes an 

abductive approach, applying a plethora of criteria—taken from a wide range of 

disciplines—to a comparative study of the two countries’ energy governance (Johnstone 

and Stirling 2015). Curiously, all but two of the criteria applied predict the opposite 

pattern to the one actually observed, which is to say that, given the findings from almost 

all metrics applied, it would be expected that the UK were the more likely country to be 

pursuing the co-provision path, and Germany the nuclear.
74

 The two criteria used in the 

study which do conform to expectations in this regard are defined in the research as 

‘qualities of democracy’—a metric developed in the field of political science—and each 

country’s existing commitment to the military application of nuclear technology (ibid). 

Here, the UK scores less favourably than Germany on the ‘qualities of democracy’ 

metrics applied, and has a deeper commitment to pursuing military applications of 
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 It may also be that the shortened value chains involved in system that prioritises renewable generation 

acts as a disincentive to invest in innovation in this area when the nuclear energy option offers a longer 

value chain with more opportunities for surplus production (Stirling 2009)  
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 Based on criteria such as access to resources, either in existing value chains or as measured by various 

measures of renewable resource endowment, investment required for the chosen path, existing 

knowledge, and so on (see Johnstone and Stirling 2015) 
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nuclear technologies.
75

 The latter metric—level of commitment to a military application 

of nuclear—would support an intuitive hypothesis that a greater commitment to one 

application predicts the same in the other, while the former suggests that given there is 

widespread opposition to nuclear technologies in both countries, this opposition has 

been better represented in technology choices made in Germany. How instructive these 

early findings will actually prove to be remains to be seen, but this is nonetheless a 

fascinating new area of enquiry in the field of sustainable sociotechnical transition.  

Summary  

The inherently social nature of technology means that at any given time there exists a 

plurality of conceptions of the sociotechnical ‘ideal’ in terms of the arrangement of 

technology systems attendant to the performance of economic and social activity. 

Therefore, broad processes of sociotechnical change are always shaped by political 

struggle between these competing conceptions. While this has always been the case, 

advances in the last few centuries mean that technology systems are with increasing 

obviousness taking a dominant role in mediating all social relations, structuring social 

life, and creating hazards that affect all of society. This realisation has highlighted how 

far there is, at present, a democratic deficit in processes governing longitudinal 

sociotechnical change. This deficit is created and maintained when powerful vested 

interests are able to assert that their conception of the sociotechnical ideal represents a 

pre-ordained ‘way forward’ to which there are no alternatives: that it constitutes 

‘progress’ itself.  

A facet of the resulting unicursal-progressive conception of progress is a research and 

policy discourse around technological innovation which asserts and promotes the liberal 

economic principle of neutrality and a homogenised conception of citizens as 

consumers, whose only recourse over innovation trajectory is through making choices 

in the market. This discourse also emphasises risk in the sense of the risk taken by 

investors in innovation, but does not consider the hazard inherent to the uncertain 

outcomes of a particular innovation trajectory as variable, related to specific technology 

choice, but as an unfortunate inevitability that must be managed. The risks posed by the 
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weaponry in the form of bombs or warheads for missiles. Also included is, for example, nuclear-powered 

propellant systems for military submarines (Johnstone and Stirling 2015).   
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hazards inherent to innovation trajectory are not equitably distributed, but are greatest 

for socioeconomic groups already more vulnerable to shocks. These groups are not 

empowered to make decisions that can influence broad innovation trajectories, and 

sociotechnical paths that might benefit them are disproportionately those which are 

curtailed by technology choice. A discursive shift away from a unitary conception of 

progress to a more plural notion would allow for greater acknowledgement of 

alternative sociotechnical innovation trajectories, more accountability for the outcomes 

of technology choice, and a more sustainable approach to development in which 

sociotechnical diversity is encouraged.           

In the UK energy governance regime it is frequently asserted at the highest level of 

decision making that there is no alternative to a continued commitment to nuclear power 

as a source of low-carbon electricity base load. Meanwhile, co-provision technologies 

are encouraged by a dwindling level of subsidy, but—as explored in previous chapters 

of this thesis—are held back by the centralised nature of propriety grid access and 

ownership of core artefacts. Despite an increasing number of examples of 

sociotechnical configurations of co-provision technologies—including one examined in 

this study—and some inductive theory on sociotechnical change which has shown 

similarly niche configurations successfully diffusing in the past, the actual ‘contextual 

viability’ of a move towards co-provision remains highly questionable. It is fewer than 

15 years ago, however, that a significant public consultation on energy concluded that 

co-provision was not only a technical-economically feasible path, but also a favourable 

option. The sudden and complete reversal of this stance in the subsequent years is 

difficult for researchers interested in the dynamics of sociotechnical change to fully 

understand, beyond the acknowledgement that the concentration of power inherent to 

incumbent centralised bulk supply arrangements will inevitably lead to a degree of 

sociotechnical lock-in. More curiously, in the same period Germany has made a strong 

commitment and taken steps towards the discontinuation of its nuclear generation 

system in favour of co-provision configurations. Exploring the dynamics underlying this 

discrepancy is an exciting new frontier in science, technology and sustainability 

research.       
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5 Conclusion 

Assemblages of artefacts, institutions, and norms provide what are generally considered 

to be vital energy needs of industrialised societies. These sociotechnical systems 

inevitably change over time. In the interests of climate change mitigation and more 

socially equitable forms of service provision, this change must now become a rapid 

transformation. With this in mind, the research objective behind this thesis has been to 

better understand the dynamics that underlie processes of sociotechnical change 

affecting these systems, and to identify some theoretical and analytical tools for 

studying these dynamics. Some concluding observations, in response to the specific 

research questions posed, are made below. The approach here has been to hang the 

research around a specific configuration of technological artefacts and social relations 

governing their use. This specific ‘sociotechnical configuration’ of artefacts and social 

relations is defined by its application in the co-provision of electricity. This is a form of 

electricity provision in which some or all of supply is moved closer to demand, which is 

then met by a mixture of decentralised, local energy provision measures alongside 

centrally organised measures such as national supply networks (Watson 2004). What 

makes co-provision an interesting concept in discussions surrounding sustainable 

sociotechnical change is that two important environment and development themes 

coalesce around it. As discussed, in countries such as the UK electricity co-provision 

can be a means to increase energy efficiency and renewable generation as a proportion 

of the generation mix. It also naturally lends itself to a model of distribution that does 

not compound existing poverty and inequality—as the current UK model arguably 

does—because more control over production is ceded to users themselves; an effect 

which has been conceptualised elsewhere as ‘energy democracy’ (Kunz and Becker 

2014)  

i. Insights from application of transitions theory to co-provision study 

What conclusions can be drawn from this enquiry into the dynamics underlying 

processes of sociotechnical change and, specifically, the application to co-provision 

technologies of theoretical and analytical tools for studying them? One important 

observation is that co-provision—or, at least, the specific configuration of co-provision 

technologies identified and presented by this study (see Table 2, p. 69)—remains a 
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‘niche’ sociotechnical practice. This means that although experiments such as Project 

ERIC, Energy Local, and the Low Carbon Hub model represent promising 

sociotechnical innovation, they continue to operate in a protective space created by 

government subsidies, ‘collective endeavour’ (Kemp et al 1998) by profit-seeking firms 

and local authority, and alternative values-driven grassroots initiatives (Seyfang and 

Smith 2007). Sociotechnical transitions theory supplies that under certain historical 

circumstances sociotechnical niches have previously successfully diffused ‘upwards,’ 

meaning that they have increased in scale and become more constitutive of broader 

systems (Berkhout et al 2003). This diffusion has sometimes been achieved by ‘internal 

momentum’ within the niche (Schot and Geels 2008) meaning that it comes to present a 

serious ‘selection pressure’ for the sociotechnical ‘regime’ it goes on to supersede 

(Smith et al 2005). However, this theory cannot offer insights that allow predictions as 

to which niche sociotechnical innovations will diffuse ‘upwards’ in this way.   

ii. Normative application?  

This said, the identification and analysis of the co-provision sociotechnical 

configuration presented in this thesis offers insights into the strength of the internal 

‘steering’ of this niche (Schot and Geels 2008). This type of understanding of niche 

processes does have a normative application for designing policy with the intention of 

helping certain sociotechnical configurations to diffuse. In theory, policy could be 

designed with the intention of enlarging the niche ‘space’—with stable subsidies, 

regulatory breaks or reforms, and so on—in which strong niches operate. This would 

allow their internal momentum to build even further before they become subject to the 

‘selection pressures’ outside of the niche. In relation to co-provision, however, key 

tenets of current UK energy policy include the abrupt reduction of key renewables 

subsidies, slow regulatory reform and lack of investment that would allow small 

producers parity of access to the network, alongside a renewed political and financial 

commitment to centralised bulk power in the form of nuclear. In the cases examined 

here, this, if anything, is shrinking the protected ‘space;’ or, at least, doing nothing to 

enlarge it further while simultaneously bolstering the incumbent centralised bulk supply 

regime in energy (Geels et al 2015). This casts significant doubt over any wider 

diffusion of the co-provision niche examined in this thesis, regardless of how strong the 

internal ‘steering’ of the niche by its actors may appear to be.     
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iii. Implications for sustainable development research?  

This point—concerning the doubt over how far co-provision, in the configuration 

examined here, can diffuse in current circumstances—speaks to a broader set of 

interrelated points concerning the dynamics of sociotechnical change and sustainable 

development. As is reiterated frequently throughout this thesis, technology is inherently 

social in nature. So too, are many of the barriers to the diffusion of a particular 

sociotechnical configuration. From a technical point of view, decentralisation and 

diversification of electricity production, in a co-provision model, is a viable path for the 

United Kingdom to pursue. However, a deeply-entrenched societal commitment to 

centralised bulk power—that goes beyond markets and regulation to the design of 

socio-material infrastructure, political economic paradigms, and cultural norms—is a 

substantial barrier, which it is both highly legitimate and necessary to acknowledge. The 

purpose of transitions theory approaches to sociotechnical change is to identify effective 

ways in which to overcome the barrier of societal commitment to unsustainable 

practices, and replace them with sustainable alternatives. There is, though, a dimension 

to this societal commitment to incumbent arrangements which, it would seem, is either 

overlooked or underemphasised by conventional transitions theory approaches. This 

dimension has to do with the politics of technology choice.  

Transitions theory approaches are not blind to the effects of political power on 

sociotechnical change. On the contrary, accounts of regime dynamics offer quite a 

sophisticated theory of how entrenched power bolsters the stability of regimes against 

change. While, then, what could be described as the structural power of sociotechnical 

regimes is well accounted for, what needs to be added to this theory—at least where 

electricity co-provision is concerned—is the discursive power of particular interests: the 

ability to effectively foreclose attempts to identify and deconstruct structural power 

where it exists. This observation is specifically in reference to the discussion in Chapter 

4 of unicursal-progressive discourses. These discourses are constituted of a set of 

assumptions, narratives, and symbolic meanings which cast technology change as an 

exogenous force which follows inevitably along a pre-ordained path, this path equating 

to ‘human progress’ itself. By assuming a monopoly position on a unitary conception of 

human ‘progress,’ and intertwining this conception with a socially-determined 

technological innovation trajectory, these discourses are capable of actually limiting the 
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possibilities of technology choice. In effect, they remove from the frame of analysis the 

breadth of options for sociotechnical innovation trajectories, leaving just one. This one 

remaining option becomes, simply through the discursive power wielded by the 

interests vested in this option, the only ‘way forward’ (Stirling 2009).  

What does this have to do with sustainable development more broadly? First and 

foremost, this prevalence of unicursal-progressive discourses in the research and policy 

regime which governs technological decision making processes amounts to a severe 

democratic deficit. The assertion made by these discourses that science and technology 

development is inherently politically neutral, and therefore not the proper domain of 

participatory democracy—other, perhaps, than that provided by the purchasing power of 

rational, desocialised consumers (Miller 1995)—occludes the substantive distributive 

aspects of issues related to longitudinal sociotechnical change. Every sociotechnical 

innovation trajectory carries with it certain risks and benefits to society, but the effects 

of these risks and benefits are not equally distributed across society. This much is 

acknowledged by unicursal-progressive discourses, but because these discourses assert 

there is only one possible trajectory along which sociotechnical innovation will 

progress, each of these risks and benefits is perceived to be inevitable; they can be 

managed, but not changed entirely. This leads to the situation where vulnerable groups 

are inordinately affected by the hazards associated with certain sociotechnical 

innovation trajectories, but at the same time have inordinately little control over what 

these trajectories are. This means that, in addition to these groups’ vulnerability to the 

actual effects of the hazards inherent to a given sociotechnical innovation trajectory, 

they are not free to choose a different trajectory which could prove beneficial for them. 

Correcting these types of distributive issues, and empowering all members of society to 

be able to affect the technological future, is a vital component of any approach to 

sustainable development.    

Summary and final remarks  

In the interests of mitigating climate change, environmental degradation, and poverty 

and inequality, a sociotechnical transition away from the unsustainable incumbent 

system of energy provision in the UK and elsewhere is necessary. Trusting in simplistic 

conceptions of technology change—which imagine that investor-backed innovators, 
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acting in the politically-neutral interests of human ‘progress,’ will single-handedly 

deliver the required transformation—presents, in itself, a barrier which puts at risk 

meaningful and necessary change. Co-provision, in the sociotechnical configuration 

examined here, may or may not prove to be the kernel of innovation that sets in motion 

a transition towards a sustainable energy transformation. The only certainty is that the 

sociotechnical future of energy provision, whatever it proves to be, is not simply a 

question of technology and engineering: it is a question of the societal choices 

governing technology and engineering. A close examination of who is able to influence 

these choices, and who is locked out from this process, is a proper and important subject 

of study for research into society, technology, and sustainability.      
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Appendix 

Informants to field study 

Interview 1 

Informant: UK solar industry expert and employed working on commercial and 

voluntary community energy installations   

Date of interview: 26.08.15 

 

 

Interview 2 

Informant: Energy and environment policy actor at local government level   

Date of interview: 28.08.15 

 

 

Interview 3 

Informant: UK energy industry consultant, materials and technology expert, and co-

founder of co-provision project 

Date of interview: 28.08.15 

 

 

Interview 4 

Informant: Professional community organiser and project consultant  

Date of interview: 01.09.15 

 

Informed consent obtained from all informants verbally and in writing. 

Names omitted for purposes of anonymity.   

Broad Question Categories 

i. Background: -How long have you worked in this field?  What motivates you in 

your work? What is your training/ academic background? 

 

ii. More about the informant's/ informant's organisation's role in relation to energy 

provision 

 

iii. Terms and definitions important to study – what do they mean to informant?  

 

iv. What is important to know is happening in the wider energy industry? 

 

v. What social, technological, and policy changes are important?  

 

vi. What should I have asked but haven’t?  


