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Abstract  
 

Understanding how policy and policy-making processes can influence the speed and direction of socio-

technical change is an important, yet underexplored research agenda in the field of sustainability 

transitions. This paper is the first application of a novel analytical framework which conceptualises the 

co-evolutionary dynamics of policy mixes and socio-technical systems, by complementing the 

sustainability transitions and policy mix literatures with insights from policy feedback theory. Our paper 

is an in-depth empirical case study of the zero carbon homes policy mix in the UK which sought to 

promote radical change in the UK house building system. Our paper makes three contributions. First, it 

makes an empirical contribution by analysing an example of an ambitious policy strategy in the housing 

sector where various policy effects and feedback mechanisms led to a loss of political support for the 

target, eventually leading to its abandonment, and only limited change within the socio-technical 

system. Second, our paper produces novel insights about the effects of policy mix credibility on socio-

technical change, and the underlying feedback mechanisms which influence its formation and loss. 

Finally, based on our empirical analysis we propose conceptual refinements to the co-evolutionary 

framework and suggest avenues for future research explaining the dynamics of feedbacks between 

policy mixes and socio-technical systems. From the empirical analysis a key finding is that policy mixes 

need to be effectively designed in order to produce positive feedback from the outset, through the 

creation of resources, provision of clear information and the creation of credibility, and reforming 

conflicting institutional supports. In the case, ineffective initial design led to uncertainty and inertia, 

which did not generate sufficient positive feedback to withstand adverse economic and political 

conditions later on, which ultimately contributed to the abandonment of the policy mix.    
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1. Introduction  
 

Understanding the role of policy, policymaking and politics in shaping sustainability transitions is a 

fundamental challenge. Policy is widely considered as an integral aspect of transitions (Drews and van 

den Bergh 2016; Markard, Suter, and Ingold 2016), and arguably can be used to accelerate the rate of 

change (Kern and Rogge 2016). Neo-classically derived policy recommendations typically involve 

internalising environmental externalities to address the corresponding market failure in the under-

provision of environmental protection, but transition scholars have identified a number of structural and 

transformational system failures which also require policy intervention (Weber and Rohracher 2012; 

Wieczorek and Hekkert 2012). Policy suggestions, amongst others, include creating protective spaces 

for novel sustainability innovations (Raven et al. 2016; Smith and Raven 2012), creating new networks 

to accelerate learning and technological development (Geels et al. 2016), and establishing shared long 

term visions and expectations (Kemp et al. 2007; Rotmans and Loorbach 2010).  

Beyond the type of policy instruments (e.g. regulation, market-based instruments) and their specific 

design, the process of policymaking itself has been argued to be of relevance as well (Markard et al. 

2012, Rogge and Reichardt 2016). Policymaking refers to the process through which policies are 

designed, implemented, adapted and discontinued (Sabatier and Weible 2014). Transition scholars 

argue that policymaking needs to be iterative and reflexive, in order to adapt to the changing conditions 

of the socio-technical system as a transition unfolds (Voß and Kemp 2015). To better understand 

policymaking processes, transition scholars have started to draw on prominent policy process theories 

(for a review see Kern & Rogge 2017). Other studies link policymaking to socio-technical change more 

directly, where the two elements co-evolve over time (Hoppmann et al. 2014; Lauber and Jacobsson 

2016b). Despite some conceptual advances on the interactions of technological change, politics and 

policy processes (Edmondson et al. 2018; Meckling et al. 2017), these dynamics remain empirically 

understudied in the transitions literature (Schmidt & Sewerin, 2017).   

Sustainability transitions are, by nature, inherently political (Meadowcroft 2009, 2011), and often 

contested by powerful actors who typically have vested interests in maintaining the status quo (Kern & 

Howlett 2009; Avelino & Rotmans 2009). Most states have close relationships with powerful 

incumbents, which contributes to lock-in of existing socio-technical configurations (e.g. see Unruh 

2000 on carbon lock-in). For instance, some policy instruments which could radically change the socio-

technical system, such as implementing a stringent carbon tax which would impose significant losses 

on powerful actors, are generally considered politically unfeasible (Drews and van den Bergh 2016).  
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To compound these challenges, the speed at which sustainability transitions need to occur, and the scale 

and complexity of the required changes are unprecedented. Consequently, single ‘silver bullet’ policy 

instruments cannot address the interrelated multiple market and system failures (Foxon et al. 2005; 

Weber and Rohracher 2012), and many governments try to tackle these complex challenges with a 

variety of policy initiatives (e.g. see Kern et al. 2017 on energy efficiency). Several publications have 

contributed to this growing research strand focussing on policy mixes for sustainability transitions, such 

as transitions to sustainable energy systems (for a review see Rogge et al. 2017).  

Of these contributions, Rogge & Reichardt (2016) propose a framework for analysing policy mixes for 

sustainability transitions which extends the scope of analysis from individual policies (and their 

interactions) to that of an overarching policy mix which captures policy strategies and instrument mixes, 

as well as policymaking and implementation processes associated with policy mix elements. They also 

argue that the impact of policy mixes on socio-technical change may be better understood through 

considering policy mix characteristics such as consistency, coherence, comprehensiveness and 

credibility (Costantini et al 2017, Rogge and Schleich 2018). Empirical evidence on policy mix 

credibility (which captures the extent to which the policy mix is considered believable and reliable), 

suggests a link with other policy mix characteristics, such as the overall consistency of the policy mix 

(Rogge and Dütschke 2018). If shortcomings in a policy mix are unaddressed by policymakers this may 

indicate a lack of political commitment or inadequate capabilities of government to design an effective 

policy mix.   

We follow the call of Flanagan et al. (2011) to pay increased attention to the policy processes, as well 

as to their coherence, i.e. to the synergistic and systematic nature of the policy processes which underpin 

the evolution of the policy mix (Rogge & Reichardt 2016). Several recent contributions in the transitions 

literature have explored the role of politics and policy processes (Markard et al. 2016; Normann 2015), 

but importantly, have only focussed on single policy instruments. Moreover, there are few co-

evolutionary analyses of policy change and socio-technical change. Hoppmann et al. (2014) is a notable 

example, but their conceptualisation of the policymaking processes is underdeveloped, and follows a 

single policy instrument and technology. This paper addresses these shortcomings in the literature by 

drawing on the conceptual framework proposed by Edmondson et al (2018), which builds on insights 

from policy feedback theory (Pierson 1993, 2000; Beland 2010; Campbell 2012) in order to understand 

the co-evolution of policy mixes and socio-technical change. Policy feedback theory has been argued 

as a promising approach for such co-evolutionary analysis (Kern and Rogge 2017; Roberts et al. 2018), 

because of its focus on the effects of policy design and implementation on subsequent rounds of policy 

making.  
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Empirically, we chose the UK Zero Carbon Homes (ZCH) policy mix, an ambitious strategy intending 

to phase-out unsustainable practices and technologies while mainstreaming sustainability in the 

domestic built environment. In doing so the paper contributes to research on housing within 

sustainability transitions literature. Previously, contributions have focussed on: the role of niche 

governance for eco-housing (Smith 2006), multiple niche interactions (Baker and Lester 2017), 

interaction dynamics between niche and regime (Berry et al. 2013; Smith, 2007), the role of 

intermediaries (Martiskainen and Kivimaa 2018a), and residential retrofit (De Laurentis et al. 2017). In 

addition to several contributions focussing attention to transition dynamics in the UK (Bergman et al. 

2007, 2008; Gibbs & O’Neill, 2015), there has also been research on housing innovation in other 

countries, such as Australia (Foong et al. 2017; Moore & Doyon, 2018), and cross-country comparisons 

of zero/near-zero policies (Moore et al. 2014; Pan and Ning 2014). However, while there is attention to 

governance and policy as a driver of change within these contributions, the role of politics and 

policymaking processes is often underplayed. Secondly, while policy mix conceptualisations have been 

considered (see Kern, Kivimaa, & Martiskainen, 2016), their effects on housing transition dynamics is 

underexplored.  

There are a number of key findings about housing transitions in the UK, and specifically for ZCH, 

which are of relevance for our analysis here. Greenwood (2012) draws attention to the difficulties of 

coordinating policy design and implementation, and find several challenges affecting the processes of 

establishing and defining the ZCH target. In particular, three interrelated issues are most significant: i) 

a lack of evidence on the performance of low/zero carbon buildings being available; ii) decisions being 

made at a ministerial level; and iii) industry lobbying for vested interests. Collectively, these factors 

obscured attempts to evaluate evidence and implications of policy decisions, but the role of intermediary 

(Martiskainen and Kivimaa 2018) the Zero Carbon Hub, helped alleviate some of these issues 

(Greenwood 2012). Other key issues regard: the skills and knowledge of industry to deliver the 

implementation of a housing transition in the UK (Greenwood, 2010; Heffernan et al., 2015), due to 

differences from conventional practices and competencies (Payne 2013); and industry concerns over 

higher technical standards increasing costs (McLeod et al. 2012), combined with uncertainty over 

whether these costs could be recouped through higher market values (Meins et al. 2010).  

This paper builds on these insights to combine factors of the policymaking process with developments 

in the rest of the socio-technical system, by focussing on the co-evolutionary dynamics between them. 

Doing so helps understand how the transition unfolded over time, and helps explain the eventual 

denouncement of ZCH. Accordingly, the analysis we present follows the ZCH policy mix’s co-

evolution with the low carbon house-building sector in the UK from 2006 (when the target was 

announced) until 2016 (when the target was disbanded), paying attention to interplay of policy mix 
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change and socio-technical change processes. We find the mix initially stimulated change and showed 

signs of positive feedbacks with the potential for a self-reinforcing virtuous cycle to emerge, but over-

time started to produce negative feedbacks, resulting in its abandonment. This observation makes it an 

interesting case, since much of the policy feedback literature would predict that initial positive feedback 

leads to a self-reinforcing dynamic.  

Thereby, we make three contributions to the literature. First, we provide the first empirical application 

of a novel conceptual framework on policy mix feedbacks in sustainability transitions, which 

contributes to the growing literature on housing transitions. Second, we generate novel insights about 

the role of policy mix credibility in stimulating socio-technical change, and subsequently, maintaining 

political support. Third, we propose refinements to the conceptual framework for studying policy mix 

feedbacks in sustainability transitions. The analysis seeks to answer two research questions: i) how 

policy effects and feedback mechanisms influenced the co-evolution of the zero carbon homes policy 

mix and the socio-technical system, and ii) why the zero carbon homes target got abandoned. In doing 

so, we derive policy recommendations for governing transition processes.  

The remainder of the paper is structured as follows: Section 2 introduces the analytical framework, 

section 3 outlines the methodology, and section 4 introduces the research case. We present the findings 

of our case study in section 5 and discuss these in section 6. Section 7 offers conclusions and avenues 

for future research.  

 

2. Policy mix feedback in socio-technical systems: a co-
evolutionary framework  

In order to answer the proposed research questions above, the nature of our analysis is the co-

evolutionary dynamics of policy mix change and socio-technical change, which contributed to the 

eventual abandonment of the zero carbon homes policy mix. Pan and Ning (2014), suggest that Zero 

Carbon Building (ZCB) polices co-evolve with their regulatory, social and geographical contexts, and 

present “a conceptual model of ZCB polices as socio-technical systems” (Pan and Ning 2014: 96). 

However, the model that they present is overly simplistic for several reasons. First, is that the model 

lacks mechanisms of interaction of policy with other aspects of the socio-technical system. Second, 

while claimed that the “contexts interact with each other”, again there are no mechanism of interaction. 

Third is that the conceptualisation of ‘policies’ is un-refined and does not address the design and 

coordination of policy mixes or the interactions of multiple policy instruments. With these limitations 

in mind, for our analysis we apply a co-evolutionary conceptual framework developed by Edmondson 

et al. (2018) (see figure 1), which focusses on the interaction mechanisms of policy and socio-technical 
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change, while also incorporating a nuanced conceptualisation of comprehensive policy mixes (based on 

Rogge and Reichardt 2016). 

At its core the framework captures the co-evolution of policy mix change and socio-technical change. 

It proposes that policy mix change influences the rate and direction of socio-technical change through 

policy effects, while socio-technical change can affect subsequent policymaking through feedback 

mechanisms. That is, this co-evolutionary framework elaborates how policy outputs, i.e. elements of 

the policy mix, can influence policy outcomes, i.e. socio-technical change, namely through the effects 

the mix has on the socio-technical system. It also explains how policy inputs can affect policy-making 

processes through the influence feedback mechanisms and exogenous conditions have on the policy 

subsystem, thereby explaining changes in the policy mix. Importantly, the framework emphasises the 

role of actors as the agents of change: actors are influenced by policy effects, and seek to influence 

policymaking through feedback mechanisms.  

The socio-technical system is a main component of the framework and captures the “linkages between 

elements necessary to fulfil societal functions” (Geels 2004: 900), consisting of multi-faceted 

combination of actors, networks, policies, institutions, artefacts, infrastructure, markets and practices 

along with cultural and symbolic views and representations (Geels, 2004). The existing configuration 

in the socio-technical system consists of social groups (supply chain, users, research, production, public 

authorities and societal groups), physical artefacts (technology, infrastructure) and institutions (formal 

and informal) (Geels, 2005). The existing policy mix is therefore part of the socio-technical system. 

Supporting sustainability innovations can help foster the emergence of novel socio-technical 

configurations. As these emerging configurations scale up, they may change the structural components 

of the dominant configuration. Such socio-technical change [STC] can occur through several possible 

transition pathways involving adaption and replacement of structural components (Geels et al., 2016; 

Geels & Schot, 2007).  

Another key component is the policy subsystem which captures the groups of actors involved in the 

policymaking process (government departments, elected ministers, consultants, experts and ‘pressure 

participants’ such as lobbyists). Policy subsystem change [PSC] relates to substituting actors involved 

in the policy process or their respective roles, and/or the views and opinions of the actors involved. We 

expand on Edmondson et al. (2018), by considering the policy mix as the codified outcomes of 

negotiations of actors who are active in the policy subsystem. The mix’s elements are therefore the 

output of the process of policy mix change [PMC] (Fig.1). The mix’s elements consist of an overall 

strategy addressing a policy problem (an objective and principle plans towards achieving it) and the 

policy instruments implemented towards achieving the policy objective. Importantly, we consider the 
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process through which elements are (attempted to be) added/removed/revised (not simply the final 

outcome in terms of changes to the policy mix elements) as policy mix change [PMC]. Accordingly, 

proposed changes may have effects on the socio-technical system even if they are not adopted.   

The framework captures the influence of the policy mix on the socio-technical system through policy 

effects which influence actor behaviour, thereby leading to a reconfiguration of the socio-technical 

system. Policy effects change as the policy mix does, but even when the policy mix is stable (no change) 

it will continue to have effects. There are three policy effects: resource, interpretive and institutional 

effects1. Resource effects [RE] describe the allocation of resources that affect interest groups, state 

capacities and mass publics (Mettler & Soss 2004: 60). The influence of resource effects on socio-

technical change depends on several variables, including the amount and duration of resources provided 

(Patashnik & Zelizer 2009, 2013), and how dispersed, visible and traceable to government action the 

resources are (Campbell 2012). Interpretive effects [IntE] describe the information a policy mix 

provides, affecting patterns of cognition, understanding and meaning (Mettler & Soss 2004: 60). 

Information can be provided through both the codified outputs of policymaking (e.g. instruments), but 

also through the processes by which the policy mix changes (including implementation). Institutional 

effects [InstE] describe the interaction of the mix with the wider institutional structure of the socio-

technical system (Patashnik and Zelizer 2013). Failure to reform existing constraining institutional 

arrangements may limit the mix’s transformative capacity and its ability to generate positive feedback 

(Patashnik and Zelizer 2009). For instance, existing rules and arrangements may structure how policy 

instruments are implemented, enforced or evaluated. Institutional effects thus include, for example, 

reforming such rules, creating new agencies or expanding formal networks which may be necessary to 

successfully implement the mix2.  

The framework differentiates between three main types of feedbacks: socio-political, fiscal and 

administrative feedback mechanisms (Oberlander and Weaver 2015). Socio-political feedback [SPF] 

comprises of three dimensions: cognitive, constituency and agenda. Cognitive feedback relates to how 

well the mix (or its elements) are perceived to be performing by actors in the policy subsystem. 

Constituency feedback relates primarily to whether the mix mobilises supporters or opponents. Agenda 

feedback is whether policy alternatives are considered by actors in the policy subsystem. Fiscal 

feedback [FF] relates to whether the costs of supporting the policy mix over time raise concern to 

powerful actors, notably the finance ministry. Finally, administrative feedback [AF] relates to the public 

bodies in charge of policy design and implementation, and can lead to strengthening or weakening of 

 
1 While considered separately for analytical purposes, a single policy change commonly produces multiple 
effects simultaneously. 
2 These may require further revision as the policy mix and socio-technical system change over time. 
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internal morale, sense of mission, external reputation, external political support, and the ability to recruit 

qualified staff (Oberlander and Weaver, 2015).   

The framework also captures how a socio-technical system is also affected by exogenous conditions 

[ExC], including social, political and economic trends, along with innovation and policy learning from 

outside the system. Exogenous conditions can affect the system in four main ways. First is the direct 

effects on socio-technical change, such as economic trends affecting market conditions. Second, they 

can amplify or constrain the influence of feedback mechanisms on policy change. For example, 

feedback mechanisms are more likely to contribute to policy change when coupled with focusing events 

that bring attention to policy problems (Jacobs and Weaver 2015; May and Jochim 2013). Third, 

exogenous conditions can affect the policy subsystem directly. For instance, a general election will 

replace ministers from the previous government. This may affect the influence that feedback 

mechanisms have on the policy process, if supporters/opponents resonate more closely with the 

ambitions or ideology of the new government. Finally, international agreements such as the COP21 

Paris Agreement or EU 2030 targets can place pressure on national policymakers to implement policy 

reforms. The timing of policy change in relation to changing conditions exogenous to the system can 

significantly affect the impact of a policy mix, and its prospects of maintaining political support over 

time (Oberlander and Weaver 2015; Patashnik and Zelizer 2009; Pierson 2000). For example, changes 

in political and economic conditions may render the mix more susceptible to negative feedback, while 

adverse conditions at the time of implementation may generate opposition from the outset. 

The framework’s conceptual elements interact dynamically over time, and can result in the occurrence 

of feedback loops. Positive feedbacks, which maintain or strengthens support, are likely to lead to steady 

resource flows in favour of transitions which makes successive positive feedbacks more likely (virtuous 

cycle). Conversely, negative feedbacks may limit the capacity of the policy mix to become stable, and 

can reduce support and resources for the transition. Over time, reduced resources may result in 

successive negative feedback occurring (vicious cycles) leading to the policy mix being revised or 

terminated.  
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Figure 1 - Dynamic interactions of the policy mix and the rest of the socio-technical system.  

Source: Edmondson et al. (2018). 
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3. Methodology  

For answering our research questions on how policy effects and feedback mechanisms influenced the 

co-evolution of the zero carbon homes policy mix and the socio-technical system, and the reasons for 

its eventual denouncement, we chose a qualitative research design, conducting a case study which 

allows for tracing of the phenomena over time (Yin 2014). Process tracing has been used by case study 

researchers “either to uncover evidence of causal mechanisms at work or to explain outcomes” (George 

and Bennet 2005:9). Process tracing therefore allows for the development and testing of theory 

focussing attention on processes, and the causal mechanisms linking causes to effects  (Beach 2017; 

George and Bennett 2005; Tansey 2007).This is well suited to our focus on co-evolutionary dynamics 

of the zero carbon homes policy mix and the UK house building socio-technical system.  

We drew on two main sources of evidence (archival and interviews), which were used in two stages of 

analysis. First, we collected archival data for the period 2006-2016 (Table 1).  This included 

newspapers, industry journals, white papers, green papers, consultations, statements, written and oral 

references in the House of Commons and House of Lords, select committee inquiries, and a Treasury 

enquiry. Based on a freedom of information request we also received access for all minutes, agendas 

and supplementary documents from all meetings of the Zero Carbon Task Force (TF1-115 Appendix 

A). Based on this data, important events were arranged chronologically, including changes in the socio-

technical system and the policy mix. For the former, we looked for quantitative and qualitative 

information on demonstration projects, annual built rates, research and development activities, activities 

of key market actors and industry development. For the latter, we included changes in the policy strategy 

and the instrument mix. Based on this preliminary analysis we derived four main phases of activity in 

which different co-evolutionary dynamics of policy mix and the socio-technical system could be 

observed. These phases relate to: i) the initiation of the policy mix (2006-2008), ii) the expansion of 

resources and capacities, and redefinition of the target (2008-2010), iii) austerity, reduced resources and 

reduced ambition (2010-2013), and iv) the dismantling of the policy mix (2013-2016). For the resulting 

timeline of events (see supplementary material) we also created a simplified visualisation (see fig 4 in 

section 3).  
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Table 1 - Type, Source and Quantity of Archival Data. 

 

We then conducted interviews with 18 experts (see table 2) who were selected based on their knowledge 

of and involvement in relevant processes, while also seeking a balance between different actor groups 

(policy-makers, NGOs, industry, academic, experts). We interviewed until three criteria were satisfied: 

i) we felt that a number of sufficiently different perspectives were represented; ii) a saturation in 

responses started to appear; and iii) the interviews sufficiently contributed to the triangulation of 

archival data. Interviews were based on a semi-structured questionnaire, were conducted face-to-face 

and over telephone in the period from August until October 2018, and lasted on average 79 minutes. 

They were supported by the timeline visualisation which enabled us to validate this event timeline with 

experts, and look for additional information.  

Type of archival data  Data Source Quantity   
Policy documents – 
Government responses to 
consultations, publications 
(white papers), speeches, 
impact assessments   

http://webarchive.nationalarchives.gov.u
k/20120919183345/http://www.commun
ities.gov.uk/  
https://www.gov.uk/  

137 

2016 Task Force - meeting 
minutes, agendas, supporting 
documents/reports 

Freedom of information request to 
Department of Communities and Local 
Government (DCLG) 

115 (See Appendix A) 

Zero carbon hub publications  http://www.zerocarbonhub.org/recent-
publications  

148 

Industry journals  https://www.endsreport.com/  
https://www.building.co.uk/  
https://www.cibsejournal.com/   
https://www.architectsjournal.co.uk/  

603 articles - reviewed for 
relevancy and reduced to 112   

Secondary literature  https://www.scopus.com  25 academic papers  
Inquiries  https://www.parliament.uk  71 written responses in 

Treasury inquiry  
99 written responses in ‘Home 
energy efficiency and demand 
reduction’ inquiry, Energy and 
Climate Change Committee  
Documents reviewed using 
search terms “zero carbon 
homes” and “allowable 
solutions”. 

Debates in the House of 
Commons and House of Lords 
over the period of 2006-2016  

https://hansard.parliament.uk/  260 spoken references  
22 written statements 
Occurrences resulting from 
search terms ‘Zero Carbon 
Homes’ and ‘Code for 
Sustainable Homes’  

Letters (to government 
ministers) 

Various 3  

Media  https://www.theguardian.com/uk  
https://www.telegraph.co.uk/  
https://www.ft.com/?edition=uk  
https://www.independent.co.uk/  

427 occurrences - reviewed for 
relevance using search terms 
“zero carbon homes”, “eco-
towns” and “code for 
sustainable homes”. Reduced 
to 67. 
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Table 2 - Overview of interview participants. 

 

We followed a ‘framework analysis’ methodology for analysis of collated data (Ritchie and Spencer 

1994). Interviews were transcribed verbatim and then indexed using NVivo11 to deductively code for 

four phases with nodes derived from our framework. We also coded ‘other’ as sub-nodes of both policy 

effects and feedback mechanisms, to account for any phenomena not captured by the framework3. We 

ran multiple queries to investigate the relationships between elements of the framework, using matrix-

coding queries to look for overlaps. In doing so, we examined whether the interviewees agree with each 

other and whether there were significant differences in responses, e.g. between interviewees from 

different actor types. We triangulated our interviews with our archival data to ensure the robustness of 

our findings. Collectively these sources allowed for a rich analysis of co-evolutionary mechanisms. 

 
3 However, since the research was designed to look for evidence of the main a priori conceptual components, 
most data was expected to fit the framework (Ritchie and Spencer 1994). 

Interviewee Actor type Actor group  Format Date Duration 
(minutes) 

1 UK-Green Building Council NGO Face to face 31/08/2017 90 
2 World Wildlife Fund/Task 

force/ UK-Green Building 
Council/Zero Carbon hub 

NGO Telephone 17/08/2017 50 

3 NGO/advocacy group NGO Telephone 23/09/2017 90 
4 Manufacturing – advocacy 

group  
Industry/ 
Manufacturing/
NGO  

Face to face 3/10/2017 90 

5 Manufacturing – advocacy 
group  

Industry/ 
Manufacturing/
NGO  

Telephone 18/09/2017 105 

6 Manufacturing/ Zero Carbon 
Hub 

Industry – 
manufacturing  

Telephone 2/10/2017 90 

7 House builder/Zero Carbon 
Hub/ National House Building 
Council 

Industry  Face to face 12/10/2017 90 

8 Developer Industry - 
developer 

Face to face 4/10/2017 90 

9 House Builders Federation Industry - 
developer  

Telephone 1/12/2017 45 

10 Chartered Institutions of 
Building Service Engineers     

Expert/ industry Telephone 17/11/2017 90 

11 Consultant/Zero Carbon Hub  Industry/ Expert  Telephone 24/10/2017 90 
12 Consultant/Zero Carbon Hub  Industry/ Expert  Face to face 11/09/2017 90 
13 Expert/ academic  Expert Telephone 5/09/2017 90 
14 Academic  Expert Face to face 26/10/2017 60 
15 Civil servant/Carbon Trust   Policy maker/ 

Expert 
Face to face 7/09/2017 90 

16 Minister/Department of 
Communities and Local 
Government 

Policy maker Face to face 17/10/2017 50 

17 Office of the Deputy Prime 
Minister/ Local Area Building 
Control  

Policy maker  Face to face 14/09/2017 90 

18 Building Research 
Establishment/Housing 
association  

Policy maker/ 
Industry  

Face to face 13/10/2017 60 
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4. Research case  
 

For the first application of the co-evolutionary framework on policy mixes for sustainability transitions 

we chose the UK zero carbon homes strategy which was intentionally designed as a policy mix, 

including a number of interacting instruments. This is a highly illuminating case because it offers an 

example of an incomplete transition attempt (in terms of material differences in the UK socio-technical 

system) based on an ambitious policy target which included the phase-out of dominant technologies 

and practices. As such, the application of the framework can help us understand why transitions may 

lose support and to derive recommendations for more successful policy mixes. In the following, we 

provide an introduction to the UK housebuilding socio-technical system and the zero carbon homes 

policy mix as a background to the case study. 

 

4.1.  UK House-building socio technical system  

Demand for new housing in the UK is around 280,000 new homes a year (roughly 1% of total housing 

stock), due to net migration and a trend towards smaller properties (Kay 2017). Current build rates do 

not match this demand, as in 2016 only 190,310 new houses were built (ONS 2017a). Low supply has 

created a ‘housing crisis’, with housing prices increasing 74% since 2006, despite the recession (fig.3). 

Build rates have declined since 1970 by 47%, largely due to a drop in the provision of social housing 

through local authorities in the UK by 99% (DCLG 2017). Consequently, the housebuilding industry is 

dominated by private developers, whose market share has increased from 48% in 1970 to 81% in 2016 

(fig. 2). To address the highly politicised issue of housing supply, at the time of launching the zero 

carbon homes policy mix (2006), government also announced an ambition to build 3 million homes by 

2020, of which 1 million would be zero carbon. 
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The private sector housebuilding industry accounts for 22% (largest contributor) of total construction 

output in the UK (Statista 2018). Market actors comprise of a relatively small number of high volume 

house-builders (producing 1000s of new homes per year), and a larger number of low volume builders. 

The Home Builders Federation (HBF) is a trade association representing large private sector house-

builders and its members deliver around 80% of new homes, while the Federation of Master Builders 

(FMB) is a trade body representing SMEs. In 2007, the top 25 house-builders accounted for around 

50% of completed projects, while the top 5 accounted for 33% (Building 2008). By 2018, the share of 

these top 5 builders had increased to 39% (Building 2018).  

  

4.2. Zero Carbon Homes policy mix  

The zero carbon homes target was designed as a net-zero approach to housing, aiming for all new 

housing post 2016 to contribute zero emissions for their operation (DCLG 2006). This overall strategy 

would be achieved through a combination of energy efficiency improvements to reduce energy use for 

heating/cooling, cooking and appliances, and complemented by small-scale renewables to offset any 

remaining emissions (DCLG 2006). The target was ambitious, accounting for unregulated energy 
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emissions4, which exceeded European and international standards. After the target’s announcement in 

2006, a number of different policy instruments were implemented towards achieving the overall 

strategy, comprising of regulations and funding schemes. We used a top down perspective to identify 

instruments (Ossenbrink et al. 2018), and classified them according to three large categories of 

instruments used in public policy (Table 3): (1) regulatory instruments, (2) economic and financial 

instruments, and (3) soft instruments (Borras and Edquist 2013:11). The main implementation of the 

target was through the national building regulations, which were pre-existing prior to the 

implementation of the mix but were updated.  

 

 
4 Post occupancy emissions associated with appliances. 
5 While the building regulations did not start in 2006, they were updated at the start of our analysis and became 
aligned with the overall strategy. For the purposes of this analysis, they can be considered as part of the policy 
mix at that point.  

Table 3 - Zero Carbon Homes policy mix. 

Policy mix 
element 

Name Element 
Function 

Started  Redefined/modified  
 

Terminated   

Strategy  Zero Carbon 
Homes target  

Target  2006 - 2007 (treasury) 
- 2008 (consultation) 
- 2010 (standard for 2010 building 
regulations decided 
- 2011(removal of unregulated 
energy use)  
- 2013 (marginal increase in the 
2013 building regulations) 
- 2014 (small sites exemption and 
removal of requirements for micro-
renewables) 

- 2015 (denounced) 
- 2016 (officially 
disbanded) 

Instrument  
Mix 

Building 
regulations - 
Part L 
(energy)  

Regulatory  1985 -2006 (aligned with target)5 
-2010 (implemented as planned) 
-2013 (postponed to 2014 and only 
marginal increase) 
- 2016 (Part L was not 
implemented) 

N/A 

Zero carbon 
task force  

Soft instrument 2006 2010 (terms changed and housing 
minister stopped attending 
meetings) 

2014 (final meeting) 

Code for 
sustainable 
homes  

Soft instrument  2007 - 2010 (modified to align with the 
new definition of the target) 
- 2014 (plans to terminate) 

N/A  
Still active  

Tax stamp 
duty 
exemption  

Economic and 
Financial 
(market pull)  

2007 N/A 2011 (ended - as 
planned) 

Eco-Towns  Economic and 
Financial 
(supply push) 

2007 2009 (commitment to 4 of the 10 
originally proposed sites) 
2010 (only 1 town would be built to 
original standards) 

2011 (no further sites 
awarded)  

Carbon 
challenge  

Economic and 
Financial 
(supply push) 

2007 2008 (additional sites added) 
2010 (funding reductions) 

2012 (no additional 
sites awarded) 

AIMC4 Economic and 
Financial 
(R&D) 

2008 N/A 2011(ended - as 
planned) 

Zero carbon 
hub  

Fiscal (grant 
funding) 

2008 2010 (funding withdrawn apart for 
specific projects) 

2016 
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5. Co-evolutionary analysis of the zero carbon homes policy mix 
and the house-building socio-technical system in the UK (2006-
2016) 

 

The following subsections present our co-evolutionary analysis, structured into four phases between 

2006-2016 (for an overview, see fig 4 and table 7). Each phase starts with a period of significant changes 

to the policy mix, and is analysed according to a) the policy effects produced and their influence on 

socio-technical change, and b) the feedback generated and its influence on the policy mix change. We 

also pay attention to interactions of the socio-technical system and policy mix with exogenous 

conditions.6 

5.1.  Phase 1: Initiation of the zero carbon homes policy mix (2006-2008) 
 

The zero carbon homes target announced in 2006 was implemented through increments to the national 

building regulations occurring in 2010, 2013 and 2016 [PMC]. A non-mandatory regulation for holistic 

building sustainability was also introduced in 2007, the Code for Sustainable Homes (CSH). The CSH 

was a rating system with levels ranging from 0-6, where the energy requirements of the highest level 

(6) were aligned with the zero carbon target (interviews 15,18). The CSH was intended to provide clarity 

and indicate the trajectory of future building regulations, allowing market actors to experiment with 

new designs based on these standards (DCLG 2006b). By the end of this phase, level 3 of the CSH was 

used in publicly funded buildings to set a standard higher than the 2006 national building regulations 

and provide a stimulus for innovation (interview 7,10).    

Resources in this phase were limited [RE], but several announcements were made of potential funding 

opportunities [PMC->IntE]. Most notably was the announcement of five ‘eco-towns’, large scale 

developments of 5,000-20,000 houses to be built to zero-carbon standards on publically commissioned 

land (ENDS 2007). Eco-towns were intended to accelerate housing delivery and serve as large-scale 

demonstration projects for zero carbon housing. After a change of leadership in the Labour Party, the 

ambition was increased to 10 eco-towns (potentially 200,000 new homes) by the new Prime Minster 

who was a key advocate of the policy (interview 1). The sites proposed were previously undeveloped 

(green-field), and would be fast-tracked through the planning system. As the availability of land has 

significant impact on costs, and planning permission on ‘green-field’ sites is typically difficult to attain, 

this was an attractive offer to developers (interview 7) [ExC->PMC->IntE].  

 
6  We use abbreviations to refer to the conceptual components of the framework: Policy mix change [PMC], 

Resource effect [RE], Interpretive effect [IntE], Institutional effect [InstE], Socio-technical change 
[STC], Socio-political feedback [SPF], Fiscal feedback [FF], Administrative feedback [AF], Exogenous 
conditions [ExC], Policy subsystem change [PSC]. 
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           Figure 4 - Timeline of key developments in the socio-technical system in the period 2006-2016
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Smaller-scale funding was also available through the ‘carbon-challenge’ for medium scale ‘eco-

villages’ (100-750 homes), also built to zero carbon standards [PMC->RE] (Morby 2010). Similar to 

the Lochiel Park Green Village in Australia (Berry et al. 2013), these villages would allow for 

experimentation with new designs and technologies, and were intended to assist the delivery of the 

larger-scale towns [RE->STC]. The first site - Hanham Hall - was awarded to Barratt Homes in 2007 

(Jansen 2007). Finally, there was a tax exemption for new homes built to the zero carbon standards 

before 2011 (Gov 2016). The tax exemption was meant to benefit consumers, reducing the overall costs 

of buying a new home. However, while several instruments were implemented, the co-ordination of 

these towards meeting an overall strategy (consistency) has been criticised by some interviewees. “I 

think it [was] ‘scatter-gun policymaking’ to an extent. You announce something and then you announce 

some incentives but you haven’t really worked out what you are incentivising yet, and that was sort of 

the missing piece.” (interview 1). 

These policy changes were introduced within the existing institutional arrangements, rather than 

reforming them [PMC->InstE]. Most notably was the legal requirements regarding how compliance 

with building regulations are evaluated and enforced. The only requirement to satisfice building 

regulations in the UK is to submit a design specification for the standards of the new build [PMC-
>IntE&InstE] (interview 17). Consequently, there is no legal requirement to evaluate the real 

performance of buildings after construction [InstE]. Thus, many sites are value-engineered during 

construction, and materials are replaced with cheaper, less-effective components [PMC->Inst&IntE-
>STC] (interviews 1,15,18). Another issue relates to skills shortages of site operatives lower down the 

supply chain, to effectively install components and technologies (interview 7). Accordingly, there is a 

commonly acknowledged ‘performance gap’ between as-designed specification and the final building 

[STC] (interview 1,2,4,6,7,9,18).  

A notable change of institutional effects was the establishment of a political steering group to help 

deliver the target, the Zero Carbon Task Force [PMC->InstE]. “The reason for the task force was that 

it was […] such a big change in terms of the policy for housing. They needed a controlling panel to 

make sure, at the very highest level, it was understood by both government and industry.” (interview 

7). The purpose of the group was to act as a platform in the policy process in which different 

stakeholders could discuss with the housing minister about future actions to be taken in achieving the 

target [PSC] (interview 2). The task force was convened by the housing minister and included 

representation from house-builders and manufacturers, yet the micro-renewables industry seems to have 
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been excluded, despite requesting representation7 (TF11). Consequently, the opinions of this industry 

were excluded from the formal policymaking procedure [-SPF]. The implications this had on the 

policymaking process can be seen later in the trajectory of the target, as the need to include on-site 

renewables was eventually removed from the requirements, being replaced by an abatement 

mechanism. 

The most notable policy effect was the expectations of future resources [IntE], considered a 

commercially attractive opportunity to potential beneficiaries (interviews 1,2,6). “The government 

wants us to do this and is pushing money into it, so let’s try and pick up on some of that.” (interview 

1). Combined with perceptions of strong political commitment [IntE], this led to the establishment of 

UK-GBC8 [STC], and helped elicit support from some major house-builders [+SPF]. However, the 

eco-towns policy also generated negative feedback from the general public (NIMBY-ism) who 

protested against the proposals, and led to political opposition from the Conservative Party (CP) [-SPF]. 

Another issue involved different definitions for the target announced by DCLG and Treasury (finance 

ministry) with the introduction of the tax exemption. This meant that actors weren’t sure how to proceed 

[IntE], leading to inertia in the initial phase, with the exception of some experimentation with 

prototypes on the BRE innovation park (interviews 1,2,7,10,14). The lack of clarity regarding the target 

[IntE] motivated UK-GBC to produce a report assessing the feasibility of the current target [STC], 
which was presented to the task force [+SPF] (TF15). This led to suggestions from house-builders to 

introduce the option of off-site carbon mitigation (TF17-20), and proposals for a new definition 

including ‘allowable solutions’9.  

The overall inertia in this phase led to the recommendation (made in the Callcutt review on Housing 

Delivery), that government should form a new delivery body, acknowledging a capability deficit to 

effectively implement the target [-AF] (interviews 2,6).  

“The Callcutt review made the recommendation that there needed to be some sort of formal body. 

The 2016 Zero Carbon Task Force [had] met a number of times, but there was a sense [that] the 

great and the good would come together, say ‘oh yes how’s it all going?’, ‘oh, well, not a lot has 

happened yet’ and then they went off again. [So] we thought […] unless this is operationalized 

 
7 The Renewable Energy Agency (REA) is the trade body representing the micro renewables sector. REA wrote 
a letter to the task force voicing support for the target and requesting representation. However, reviewing the 
attendees at subsequent meetings, REA were not represented.  
8 UK Green Buildings Council. 
9 Allowable solutions was the term given to these off-site solutions. These were initially defined as 
alternative options for carbon abatement to be achieved locally, such as large-scale solar or wind 
developments.  
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in some way we [will] keep coming back to exactly the same point, getting nowhere.”  

(interview 2).  

In terms of co-evolutionary dynamics, a lack of clarity and consistency of policy mix elements led to 

little change within the socio-technical system, highlighting the need for policy mix change [PMC-
>IntE->STC->-SPF&-AF]. 

 

5.2.  Phase 2: Resource expansion, redefinition and recession: the emergence of 
an opposing coalition (2008-2010) 

Acknowledging the identified issues from the previous phase [+SPF&-AF], government worked 

towards re-defining the target [PSC->PMC] (Gibbs and O’Neill 2015), and launched the Zero Carbon 

Hub (ZCHub) [PMC->InstE]. The redefined target comprised of three aspects: a Fabric Energy 

Emission Standard (FEES), carbon compliance and allowable solutions (Heffernan et al. 2015; 

Schweber et al. 2015). FEES set the expected level of efficiency of the building fabric, while carbon 

compliance captured the amount of abatement on-site through the use of renewable energy. The 

allowable solutions component was originally planned as an abatement fund for local carbon mitigation, 

without requiring it to be 100% on-site (DCLG 2009c) (interviews 1,4,18). The ZCHub received grant 

funding from government [PMC->RE], enabling it to serve as an autonomous research group working 

towards redefining the target and identifying and overcoming potential barriers. This helped provide 

clarity [IntE] and to form new networks, helping simulate innovation [RE&InstE->IntE->STC]. “The 

Zero Carbon Hub provided a lot more direction [...] this was very much seen as government helping to 

fund the industry to do something. So it helped to foster a sort of collaborative element to an extent.” 

(Interview 1). 

There was also additional funding allocated in this phase through the carbon challenge, AIMC4, and 

commitment to funding four of the proposed eco-towns [PMC->RE]. This helped maintain perceptions 

of political commitment throughout the phase [IntE] (interview 1,2,6,10). Another significant 

institutional effect in this phase resulted from the Planning and Energy Act 2008 [PMC] which 

introduced mandatory use of the ‘Merton Rule’ by local councils, effectively allowing local councils to 

require higher levels of sustainability in their planning permission applications [InstE], and was 

implemented in many boroughs of London [STC] (interviews 1,7,11,12,16). Combined with the 

Introduction of ‘Home Information Packs’ [PMC] which required all new homes to have a 

sustainability rating [IntE], there was increased applications of the code of sustainable homes (mainly 

level 3 and some level 4) [STC] (table 5). This was a strong stimulus for innovation [STC], helping 

promote the uptake of new products into mainstream use, including the adoption of Forest Stewardship 
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Council certified timber [STC] (interview 11,12,18). We consider these socio-technical changes as the 

emergence of a potential virtuous cycle [PMC->RE&IntE&InstE->STC->SPF].  

 

Figure 5 - Percentage change of property value (2006-2016). Source: HM Land Registry. 

 

As the transition started to gain momentum, however, the UK moved into recession [ExC] and the 

construction sector was one of the worst affected sectors. House prices dropped by 16% by the end of 

2008 (fig. 5) (Osborne 2009) and the pre-tax profits of the ten largest house-builders dropped from 

around £2.5 billion in 2006 to over -£3 billion by 2008 (Mathiason 2014)10, leading to 25% job losses 

in the sector (Peacock 2010) [ExC->STC]. Typically, during periods of ‘bust’ in the construction 

industry, job losses commonly impact innovative actors worse, leading to reduced capabilities 

(interviews 1,2,6,7,10). The adverse market conditions and drop in profits also meant that there was 

less resources available for innovation. The recession also impacted specific instruments, most notably 

eco-towns. Under tighter economic conditions [ExC] the overall budget was reduced [PMC->RE] 
(Hope 2008). More importantly, the lack of regulation of the financial sector was blamed for the 

economic crisis [ExC], which increased attention to the role of regulations [PSC]. Consequently, the 

proposals to fast-track the planning system were revoked [PMC] (Arnold 2009). Following this change, 

DCLG produced a report estimating only marginal profits for developers of eco-towns [RE], which 

undermined the expectations created throughout the first phase [IntE]. By 2009, Labour committed to 

funding 4 eco-towns [PMC->RE], but the proposals were now less attractive [IntE], and under tight 

economic conditions [ExC], house-builders became more vocally opposed to the target [-SPF]. HBF 

claimed it was unachievable (Goodchild and Walshaw 2011), and led to the narrative that the target 

 
10 These actors subsequently evened balance sheets by 2010, and had recovered to 2006 levels by 2014 
(Mathiason 2014). 
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may impact on the delivery of new homes [STC->-SPF] (Ends 2008). However, resource allocation 

through the carbon challenge [RE] helped maintain support of some house-builders, notably Barratt 

Homes [+SPF]. In spite of growing opposition [-SPF], political commitment to the target remained 

strong under Labour [PSC], and the support of some powerful actors [+SPF] meant no changes to the 

target were made [PMC]. 

Table 4 - Number of constructed properties according to CSH level. 

Number of constructed properties to levels 0-6 of CSH (post-construction) 

Code level 0 1 2 3 4 5 6 

2008-2009 0 0 1 58 4 2 0 

2009-2010 49 34 75 4326 290 37 7 

2010-2011 114 54 113 18208 1579 62 24 

2011-2012 234 106 335 32384 6299 136 111 

2012-2013 369 152 28 36150 9642 268 91 

2013-2014 465 120 248 31823 12459 55 14 

2014-2015 506 40 113 18749 7561 64 15 

TOTAL  1737 506 913 141698 37834 624 262 

 

The UK came out of the recession by the end of this phase, however recovery was the slowest in 

recorded history [ExC] (Owen 2015). Despite adverse market conditions [STC], throughout this phase 

progress was made through the CSH [IntE->STC] and the activities of the zero carbon hub, who 

conducted research on how to operationalise the target [RE->STC]. Participation in the hub from 

various parts of industry may have also helped safeguard the target’s credibility [PMC->IntE] 

(interview 1), and led to a peak of activity from 2009-2011. Notably, the number of CSH level 3 homes 

increased significantly [STC] (table 4), which contributed towards reducing the costs of achieving the 

code (DCLG 2011).  

 

5.3.  Phase 3: Election, austerity, increasing opposition and a weakening 
supporting coalition (2010-2013) 

In the third phase several detrimental changes to the policy mix occurred [PMC], including significant 

reductions of resources available (current or anticipated) [RE&IntE]. These changes can partially be 

attributed to a significant change in the policy subsystem [PSC]. The 2010 election [ExC] led to a new 

coalition government between the Conservative Party (CP with 306 seats) and the Liberal Democrats 

(LD with 57 seats) [PSC]. In general, the conservative party are less supportive of climate change 
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mitigation (Carter and Clements 2015), and place greater emphasis on economic growth [ExC->PSC]. 
Therefore, the appointment of CP ministers as the most senior positions within DCLG, and the finance 

ministry was an important change [PSC].  

In response to the recession, the government implemented austerity measures, and consequently the 

costs of supporting the policy mix became considered as an unnecessary expense. This resulted in 

various funding schemes being cut [PSC->PMC->RE] (interviews 1,10,11), including: ending the 

grant funding for the ZCHub [PMC->RE] effectively removing its research autonomy [PMC->InstE]; 
requiring that only one of the four planned eco-towns would be built to the original (sustainability) 

standards [PMC->RE&IntE]; and reducing funding available through the carbon challenge [PMC-> 
RE]. These reductions of resources significantly weakened the incentive for developers to support the 

target [PMC->RE&IntE&InstE->STC->SPF] (interviews 1,15). “There was a strong move away 

from it because there was no longer the promise of money […] and I think that was part of what was 

pushing it” (Interview 1). Combined with the cuts, no additional instruments were added to the mix to 

address any identified problem areas, support innovation or stimulate demand [PMC], which helped 

re-stabilise the existing socio-technical system [STC]. 

These policy mix changes, originated from reconfigurations within the policy subsystem, which under 

austerity measures was dominated by Treasury throughout this phase [PSC&-FF->PMC->RE] as one 

interviewee argued: “Treasury is all powerful and especially so in times of austerity. So the recession 

gave them even more power than they had before.” (Interview 17). With the ongoing housing crisis in 

the UK, treasury prioritised delivery of new houses over how efficient these were (interviews 1,2,3, 

8,10,15,16,18). This is reflected in the amount of resources dedicated to housing delivery and 

stimulating the market through ‘First Buy’ and ‘Help to Buy’ policies. By 2013, the new government 

had committed £15.8 billion to assisting first time buyers get onto the property market (table 5). 

Importantly, no sustainability requirements were included in these policies, which clearly reflected the 

government’s reprioritisation. This reprioritisation also meant that anything considered to impact on the 

volume of supply became opposed by treasury. Consequently, the opposing coalition had more 

influence, using the narrative that the costs of meeting the target would reduce the rate of housing 

delivery [SPF&PSC->PMC].  

Treasury’s dominance also affected other aspects of the policy mix. Following the target’s previous 

redefinition to include allowable solutions (abatement fund), this component was appropriated by 

Treasury, labelling it as a tax and under their mandate [PSC->PMC] (interviews 10,16). Consequently, 

throughout this phase, little progress was made towards defining component, as Treasury refused to 

sign-off on proposal [PSC->PMC] (interview 16). The target was then subsequently weakened prior to 

the main development of the first zero carbon demonstration [PMC]. One interviewee suggested this 
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was due to lobbying from house-builders after the early phases and trials had proved costly and difficult 

to achieve. “When they realized how horrible and difficult this was, they thought […] we can’t have it 

supplied to our mass housing market because we will be in the water unable to swim.” (Interview 15). 

This change made it significantly easier to achieve the target, for example it reduced the estimated costs 

of solar PV needed to develop this demonstration project alone by £2million [PMC->IntE->STC] (ZC 

Hub 2011). 

 

Along with these changes, there was also diminishing political commitment to the task force throughout 

this phase [PMC->IntE] (interviews 1,2,7). In its first meeting under the new government, the CP 

housing minister proposed changing the terms of the task force (TF 62&65). After which, it met less 

frequently, the CP housing minister stopped attending meetings, and the only ministerial representation 

was from LD junior ministers responsible for the building regulations [PMC->Inst] (TF6-115). “It got 

Table 5 - Funding mechanisms available within zero carbon homes policy mix compared to housing delivery 

Policy 
instrument  

Resources 
available  

Beneficiaries Start 
date  

Revision  End/ 
termination 

Eco-towns  Potential 5 
towns of 
5,000-20,000 
houses 

House-
builders  

2007 2007 - Ambition increased to 
10 towns. 
2009 - Ambition reduced to 
probable 2. 
2010 - £60 million committed 
to supporting 4 sites.  
2010 - Announcement that 
only one town would be 
required to be built to the 
original standards.  
 

2014 

Carbon 
challenge  

Funding for 
medium scale 
demonstration 
projects  

House-
builders  

2007 2010 – HCA funding cuts 
(60%) 
 

2011 (no 
additional 
sites 
awarded) 

Tax stamp 
duty 
exemption  

Exemption 
from tax 
stamp duty on  

General public  2007 N/A 2011 
(31 houses 
were 
eligible) 

AIMC4 £3.4 million 
funding 
awarded (one 
off) 

House-
builders  

2009 N/A 2011 

Zero 
Carbon 
Hub 

£500,000 a 
year   

House-
builders, 
Manufacturers  

2008 2010 - Funding cut (20%) 
2011 - Funding  ended (some 
resources available for 
specific projects) 

2016 

Other funding for driving housing market (no sustainability requirements) 
First Buy £250 million  General public  2011 N/A 2013 
Help to 
Buy  

£15.5 billion  General public  2013 N/A 2016  
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down-graded and passed down to more junior ministers responsible for Building Regs rather than the 

Housing Minister” (interview 2). Whilst these LD ministers were supportive and engaged with the 

target, ultimately CP ministers needed to approve decisions, meaning that overall political influence of 

the task force was undermined [PSC].  

Collectively, these policy mix changes signalled by the end of this phase that government was not 

committed to the target [PMC->IntE] (interviews 1,10,11,15,18). As several house-builders began to 

detect this, they increased opposition by intensifying lobbying efforts [PMC->IntE->STC->SPF] 
(interviews 1,7). “It was picking up on a political agenda more than it coming directly from the house-

builders. The fact that you had this government that specifically set out to reduce regulation of 

businesses” (interview 1). This simultaneously weakened the supportive coalition [-SPF], as those 

actors who hoped to gain a competitive advantage had less certainty (increasing risk) as the policy mix 

lost credibility [PMC->IntE->STC->-SPF]. Most notably, this culminated when the 2013 building 

regulations were delayed by 6 months, and when published only included a marginal increase of 6%, 

which was lower than any of the values considered throughout the consultation phase [PMC->IntE-
>STC]. Moreover, the recommendations of the ZCHub to amend regulations to apply to as-built 

performance, were excluded.  The delay, and the outcome of the consultations produced a strong 

interpretive effect that the government were not committed to the target. It also meant that the amount 

of abatement needed in the final stage was increased, while the amount of time left before 2016 was 

reduced [PMC->IntE].  

Some individuals within companies remained supportive because they thought it was the right thing to 

do. “There was no longer the sort of the financial incentive, it was then being carried by people who 

thought it was the right thing to do” (Interview 1). This was in spite of the policy mix and socio-

technical configuration, not because of them [SPF] (interviews 1,10). “There were some individuals 

trying to do some quite neat things in several companies, to a greater or lesser extent, in spite of the 

system and not because of it.” (Interview 10). For example, the CEO of Barratt remained supportive as 

one of the major proponents of the agenda (interviews 1,2), but there was increasing pressure from 

stakeholders to resist the target (interview 15). These changes resulted in the emergence of a co-

evolving vicious cycle. By the end of 2013 the supportive coalition was significantly weakened, and 

resulted in all house-builders withdrawing from the supporting coalition [PMC->IntE->STC->SPF], 
or as expressed by one interviewee: “after 2013 those voices [on the supportive side] started to go 

quiet” (interview 1). 
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5.4.  Phase 4: Dismantling of the zero carbon homes policy mix (2013-2016) 

The final phase involved several policy mix changes dismantling the zero carbon homes policy mix. In 

the absence of a strong supporting coalition, policy changes reinforced an emerging co-evolutionary 

vicious cycle, which culminated in the eventual denouncement of the target.  

As outlined above, by the end of the previous phase, the Zero Carbon Task Force11 met less frequently, 

without the housing minister, and had diminishing influence in the policymaking process. In January 

2014, the task force had its final meeting (TF115) [PMC], which removed the formal policy network 

thereby changing the policy process [InstE]. By this phase the manufacturing sector was still broadly 

supportive of the target, but felt increasingly ‘shut-out’ of DCLG12 (interviews 4,5). “It became a point 

that they didn’t talk to us and I don’t know why, [but] there was total disengagement from DCLG […] 

We certainly feel that we’re shut out from DCLG on everything.” (Interview 4) 

After the abolishment of the task force a number of further changes to instruments and the target itself 

occurred [PMC]. The first of which was proposals to remove the CSH (Mark 2014). Next, the 

Infrastructure Bill published by government June 2014 further revised the target, removing the need for 

on-site renewables by allowing the abatement fund to offset emissions. With this announcement, a small 

sites exemption was also announced. “I don’t think I’ve been as critical of a policy proposal as we were 

of that one.” (Interview 10).  This was largely considered as a loop-hole [IntE], which would allow 

developers to avoid compliance with building regulations by phasing sites in rounds of 10 units [STC] 
(Parliament 2014, interviews 10,16). “It’s ridiculous … if you go ahead with the small sites exemption 

it’s better than not going ahead...[and ] my successors found that if they were going to get the go-ahead 

at all then small sites exemption would have to be there, but once you got there of course, you got big 

sites exemptions.” (Interview 14) 

The 2015 general election was won by a conservative majority, changing the policy subsystem [ExC-
>PSC]. While LD ministers had been less influential throughout the previous government, their 

political support was considered to have kept the target alive, despite being significantly weakened by 

this point (interviews 1,2,14). In their absence after the election there was no remaining support from 

within government [PSC]. Shortly after the election, the target was denounced [PMC]. The 

announcement came from the treasury, who had already opposed the target throughout the coalition 

government. Their announcement was made without consulting other departments, highlighting the 

dominance of the finance ministry by this stage. “By that stage it was a case of, my mind is made up 

 
11 The Zero Carbon Task Force was the steering group established under the Labour Government in 2007 to 
help implement the target.  
12 The Department of Communities and Local Government is the department responsible for setting the building 
regulations and the target was under their mandate.  
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don’t confuse me with the facts. A justification was provided but it wasn’t an evidence based decision.” 

(interview 10). In a final attempt to maintain the target, UK-GBC sent an open letter to the chancellor 

asking for the government to reconsider its decision [PMC->IntE->STC->SPF]. However, there were 

no volume house-builders included in the 246 signatories (UK-GBC 2015), and because the 

announcement was direct from treasury, UK-GBC did not expect the letter to have any impact 

(interview 1). The government’s decision was also opposed by the House of Lords [PMC->IntE-
>STC->SPF]. The Lords put forward an amendment to reinstate the target but were defeated by a 

margin of four votes and the target was officially abandoned in 2016.
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Phase Policy mix change  Policy effects  Exogenous conditions  Socio-technical system 
change 

Policy subsystem change  Feedback Mechanisms 

1. 
2006-
2008 

• Introduction of target  
• Launch of  Code of 
Sustainable Homes  
• Eco-towns 
• Carbon challenge (Eco-
villages) announced and 
Hanham Hall site 
awarded 
•Exemption from Stamp 
Duty Land Tax (SDLT), 
which included a different 
definition of target   
• Foundation of the task 
force  
•Callcutt review on 
housing delivery 
commissioned 

•Resource effects 
- limited in this phase  
- Carbon Challenge  
- SDLT exemption  for new 
zero-carbon homes  
•Interpretive effects 
- expectation of future 
resources 
- strong indication of political 
commitment  
- lack of clarity of policy 
definitions (target and eco-
towns) 
- concerns over potential cost 
from house-builders 
•Institutional effects 
- establishment of new 
platforms for 
policymaking(Task Force) 
- Regulatory enforcement 
unreformed   

•High political attention to 
climate change  
•All party consensus on 
Climate Change Act 2008 

•Initial support from some 
major house-builders 
•Foundation of UKGBC 
•KingSpan Light house, 
and Barratt Green House 
built on the BRE innovation 
park 
• Growth in property 
market 

•Labour Government  
•Yvette Cooper (HM DCLG13 2006-
2007) 
•Ruth Kelly, John Denham(SS 
DCLG14 2007-2008)  
•Gordon Brown (Chancellor – 
Treasury 2006-2007; 2007 – Prime 
Minster) 
- Support from treasury 
•Task force  
- Micro renewables industry not 
represented in task force  
 

•Support from several major 
house-builders and HBF 
chairman Stewart Baseley 
[+SPF] 
•Incremental changes to 
policy mix suggested [+SPF] 
•Suggestion to establish 
delivery body though Callcutt 
review [-AF, +SPF] 
•Support from manufacturing 
sector and micro renewables 
industry (REA) [+SPF] 
- REA less influential as 
excluded from task force [-
SPF] 
• Public opposition to eco-
towns  [-SPF] 

 
13 HM DCLG - Housing minister, Department of Communities and Local Government  
14 SS DCLG - Secretary  of state, Department of Communities and Local Government 

Table 6 - Summary of main developments within socio-technical system divided by four main phases  
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2.  
2008-
2010 

•Establishment of Zero 
Carbon Hub 
•HCA established  
•Target redefined through 
consultation  
•Reduced ambition of 
eco-towns  
•AIMC4 
•Carbon Challenge – 3 
additional sites 
 
 

•Resource effects 
- increased in this phase  
- ZC hub 
- AMIC4 
-Carbon Challenge 
•Interpretive effects 
- strong indication of political 
commitment despite recession 
- increased concerns over 
costs amplified by recession  
•Institutional effects 
- establishment of new 
platforms for 
policymaking(changes 
through HCA, ZC Hub) 
- Regulatory enforcement 
unreformed   

•Recession  • Increased uptake of the 
code drives innovation in 
new materials leading to 
widespread adoption (e.g. 
certified timber). 
• Work starts on Hanham 
hall in 2009, but is delayed 
(due to recession). 
• Hanham hall design 
originally uses a CHP 
system and district heating 
• Hub operating as 
autonomous research 
institution 

•Labour Government  
- John Denham (SS DCLG) 
- Caroline Flint (HM DCLG 2008-
2009) 
- Margret Beckett (HM DCLG 2009)  
- John Healy (HM DCLG 2009-2010) 
•Task Force  
•ZC Hub 
- research role on delivering target 
through 5 works streams  
- influential in redefining the target 
- hub’s recommendations for FEES 
incorporated into 2010 building 
regulations 
 

•Increasing opposition from 
builders due to the recession 
[-SPF]  
•Redefinition of target after 
feasibility questioned [+SPF]  
•Political opposition to eco-
towns from Conservative 
Party [-SPF] 

3.  
2010-
2013 

• 2010 building 
regulations (contested)  
•Eco-towns abandoned 
•Cuts/removal of hub 
funding  
•HCA budget cut by 60% 
•Target reduced (un-
regulated energy 
removed) 
•2013 building 
regulations delayed  

•Resource effects  
- significant cuts to resources 
through scale back of eco-
towns, removal of grant 
funding for the Hub, scale 
back of carbon challenge 
- small amount of research 
funding tendered to ZC Hub 
•Interpretive effects 
- signals a reprioritisation of 
government towards volume 
of supply 
- delays to 2013 building 
regulations means target less 
feasible 
•Institutional effects 
- task force changes terms 
under new government  
- ZC Hub loses autonomy 
with funding cut 
- Regulatory enforcement 
unreformed  
- ZC Hub’s recommendations 
to change regulations to ‘as-
built’ performance ignored by 
DCLG 

•Election leads to new 
government  
• Political ideology shift, 
austerity and deregulation 
• Rapidly declining costs of 
solar PV 
• Less political attention to 
climate change  
• Political resistance to ‘green 
crap’ 

•Barratt start construction 
on the main site at Hanham 
Hall 2011  
• AIMC4 finished 2011 
• PV becomes the principle 
way of achieving ‘carbon 
compliance’  
• Limited evidence of 2010 
building regulations in new 
builds 
• Manufacturers up-scale 
production lines 
anticipating the increase in 
building regulations  

•Coalition Government: 
Conservative Party (CP) 
- Treasury dominates subsystem 
(Chancellor George Osbourne) 
- Eric Pickles (SS DCLG) 
- Grant Shapps (HM DCLG 2010-
2012) 
- Mark Prisk (HM DCLG 2012-2013) 
- Kris Hopkins (HM DCLG 2013) 
- Bandon Lewis (HM) 
Liberal-democrats (LD) ministers  
- Andrew Stunnell (2010 - 2012) 
- Don Foster (2012- 2013)  
- Stephen Williams (2013) 
• Task Force  
- no engagement from housing 
minister (CP) 
- engagement from LD ministers but 
low political influence   
• ZC Hub 
- research role hampered through 
reduced resources  
- recommendations for 2013 
regulations ignored by government  
 

•House-builders start pushing 
back harder which seems to 
resonate with new (CP) 
government [-SPF] 
•Barratt construct test units, 
projected costs generates 
opposition from stakeholders      
[-SPF] 
• Treasury reduced autonomy 
of DCLG and enforced 
austerity reducing resources 
in response to recession [-FF] 
•Lib Dem ministers 
supportive of target but not as 
powerful [+SPF] 
•Poor reputation of DCLG 
due to changes made during 
this phase [-AF] 
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4. 
2014-
2016 

•Delay to 2013 building 
regulations  
•Consultation on removal 
of CSH 
•Small sites exemption  
•Denouncement of target  
•Amendment from the 
Lords to reinstate target 
defeated by a margin of 
four votes  
•Target officially 
abandoned - Housing and 
Planning Bill 

•Resource effects  
- no additional funding 
allocated 
- small amount of research 
funding for allowable 
solutions mechanism, but 
project cancelled after 1 
month 
•Interpretive effects 
- zero carbon homes agenda 
seen as increasingly under 
threat  
•Institutional effects 
- task force disbanded  
- ZC Hub closes  
- Regulatory enforcement 
unreformed 

•2015 Election  
•Change to conservative 
majority government 

• System stabilises through 
resistance to change  

• Coalition (2014 - 2015) 
-Treasury dominates subsystem 
(Chancellor George Osbourne) 
- Eric Pickles (SS DCLG 2014-2015) 
- Stephen Williams (LD) (2014-2015) 
• Conservative Party (2015-2016) 
- Greg Clark (SS DCLG 2015-2016) 
- Bandon Lewis (HM DCLG 2014-
2016 ) 
•Task Force  
- disbanded (Jan 2014) 
• ZC Hub 
- low influence  
- disbanded 2016 
 

• Weakened supporting 
coalition and no supporting 
house-builders [-SPF] 
•Opposition from parts of the 
industry and some politicians 
to small sites exemption 
[+SPF] 
•Denouncement appealed by 
UKGBC but weak supportive 
coalition weak 
[-SPF] 
- denouncement opposed by 
the Lords [+SPF] 
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6.  Discussion  

Our analytical framework proposes that in order to be successful, policy mixes need to induce changes 

in the socio-technical system leading to the creation of self-reinforcing (positive) feedback mechanisms. 

This is particularly the case for sustainability transitions, which are commonly contested by powerful 

incumbents (Kern and Howlett 2009), requiring positive feedback mechanisms to overcome potential 

negative ones. In the following, we discuss three main insights from our empirical case of relevance for 

understanding and governing the co-evolutionary dynamics of policy mixes and socio-technical change. 

First, we reflect on how a potential virtuous cycle can be offset and turn into a vicious cycle; second, 

we consider key design limitations which prevented the policy mix from producing more positive 

feedback; third; we highlight the role of credibility in the co-evolution process. Based on these findings 

we propose changes to the conceptual framework.  

 

6.1.  How was a potential virtuous cycle offset and turned into to a vicious 
cycle?  

We found that a potential virtuous cycle started to emerge in the early phases due to support from some 

major house-builders, along with the manufacturing and micro renewables sectors.  Resource allocation, 

combined with the interpretive effects of strong political commitment, expectation of future resource 

allocation, and potential competitive advantage, attracted support from some large incumbent house-

builders. In particular, the proposed large-scale eco-towns provided the main incentive for some high-

volume house-builders to support the transition, as they stood to benefit by fast-tracking the planning 

system. In essence, we find a similar phenomenon to Markard et al. (2016) where incumbents are not 

homogenous in their beliefs and if such actors view transitions as an opportunity, they are more likely 

to be supportive. This helped attract the support of these powerful actors, which is a key aspect of 

scaling-up niches, facilitating transitions (Kivimaa and Kern 2016). These large-scale demonstration 

projects also offered an opportunity for price-performance improvements as these niche technologies 

were rolled-out on a larger scale, while subsidising the incurred costs on industry by offsetting them 

with reduced costs of the land.   

However, the potential for a virtuous cycle to emerge was partly offset due to adverse effects of the 

recession on the housebuilding socio-technical system. The market conditions led to large scale job 

losses and a decline in investment and innovation, and the first medium-scale demonstration project 

was delayed. The anticipated costs of meeting the target, while in difficult financial conditions, started 
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to generate negative feedback from house-builders. However, resource allocation, perceptions of strong 

political support, and the sustained expectations of future resources, retained the support of some house-

builders (expected beneficiaries), meaning the rising opposition to the target was partially offset. 

A vicious cycle started after resources supporting the mix were removed, following the 2010 general 

election as part of austerity measures introduced by the new government. Importantly, the housing 

standards required for the four large scale demonstration projects were also reduced (apart from one 

site), meaning that these beneficiaries had less incentive to innovate and improve energy performance. 

Innovation declined and very few demonstration projects were built, making the prospects of meeting 

the target progressively harder. As the target continued to lose credibility there was little incentive for 

the previously supportive house-builders to continue to engage in innovation, and there were no 

resources available to help create positive feedback. Moreover, these changes signalled weakening 

political commitment, making investments higher risk and undermining perceptions of potential 

competitive advantage, giving no incentive for further investment.  

From the case we can see that the original strategy included both small-scale and large-scale 

demonstration projects, which intended to help scale-up the previously niche technologies and practices 

by providing protective space, to nurture innovation while shielding from mainstream market pressures 

(Smith and Raven 2012). This was also accompanied by a longer term ‘stretch and conform’ strategy 

to change the mainstream selection environment through incremental regulation, which would 

necessitate the phasing-out of technologies and practices embedded in the regime (Kivimaa and Kern 

2016). However, as the protection for the niche was removed by abandoning the demonstration projects, 

and after losing the support of powerful regime actors who had supported the transition, the niche could 

not scale-up sufficiently. It was perhaps inevitable that the target would fail since the niche had not 

scaled-up and become part of the mainstream building practices, needed to deliver the technologies at 

scale. Instead, what we saw was a succession of changes weakening the requirements, and the 

introduction of an abatement fund to offset carbon emissions rather than the radical innovations needed 

to achieve these changes.  

In the policy feedback literature, it is often argued that once a policy starts to generate positive feedback 

it can become locked-in and stable, making it harder to change to alternative policy options (Pierson 

1993, 2000). However our case indicates that changing exogenous conditions (notably economic) can 

trigger a response in government (austerity), reducing the resources made available, which can turn 

previously positive feedback into negative (Oberlander and Weaver 2015). This highlights how the 

timing of policy mix implementation, relative to the endogenous and exogenous conditions of the socio-
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technical system, can drastically affect the prospects of a mix to generate positive feedback (Patashnik 

and Zelizer 2009).  

While some conditions are unexpected and unpredictable, how the government responds to these 

conditions (more broadly and with regards to the policy mix) can dramatically influence the relative 

success of policy mixes supporting sustainability transitions. Ideally, policymakers wanting to support 

transitions should aim to maintain credibility, through sustained political commitment, combined with 

continued allocation of resources throughout a recession. Doing so can help maintain positive feedback, 

but undermining either of these aspects will likely cause negative backlash (Kemp et al. 2007). 

Therefore, our main recommendations towards withstanding adverse exogenous effects is to maintain 

credibility, but we acknowledge the difficulties in doing so due to currently turbulent political 

conditions. One potential avenue towards achieving this would be de-politicising 

environmental/transitional policymaking processes (Kuzemko 2016) by creating a new veto player, 

reducing the scope of the enacting government for retrenchment (Lockwood et al. 2017). Doing so 

would protect the policy mix, incentivise investment and support through sustained long-term resource 

allocation, and/or improving investor confidence through strong political leadership and commitment 

to the policy mix’s objectives by producing clear and believable resource effects. 

 

6.2. What limitations prevented the mix from producing more positive 
feedback? 

To help understand the impact of the policy mix and its ability to produce positive feedbacks we 

consider the effects that the policy mix produced and how these influenced the socio-technical system. 

The resource effects were primarily grant funding for large-scale demonstration projects, and were 

mostly distributed to the major house-builders who otherwise had little incentive to support the target 

(Table 6). We suggest that such ‘one-off’ allocations of resources do not require recipients to mobilise 

to protect them. Once already allocated these benefits cannot be later withdrawn, unlike social policies 

such as the provision of healthcare providing long-term benefits which need continuous protection. This 

implies that resource allocators should have foreseen subsequent rounds of funding to maintain support 

from beneficiaries. Even though resources which are episodic or of short duration are generally less 

effective at creating positive feedback than continuous resources (Campbell 2012), it is still more 

effective than one-off allocations as seen in this case when subsequent rounds of funding for the eco-

towns and the carbon challenge were cancelled. Over time, as beneficiaries make sunk investments (for 

example in RD&D) their support for the policy is likely to become stronger as they seek to protect their 

investments, and/or gain potential competitive advantages over less innovative firms, which may 
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stimulate the creation of learning networks (Mourik and Raven 2006). However, in our case the 

recession happened early on in the process, before any demonstration projects had started, and before 

there had been significant investment from any of the early beneficiaries. That meant that when the 

resources available were later cut, the mix had not stimulated strong positive feedback and the incentive 

to support the target was undermined, making it susceptible to negative feedback.  

The way the policymaking process was organised was also a key factor in the case. Our findings 

highlight how the institutional setting (who was allowed to participate) also affects the potential for the 

mix to create positive feedback. The sector which stood to benefit most from the target’s 

implementation was the micro-renewables industry. The original requirement for all carbon abatement 

to be achieved on-site placed emphasis on micro-renewables, expanding the market significantly. 

Component manufacturers also stood to gain, but their main market is retrofit, and the volume house-

builders (who already have market share) stood to benefit the least. However, this industry was seen as 

outsiders by the housing sector, and the Renewable Energy Association (a trade body representing the 

micro-renewables industry), was not represented in the Task Force, despite requesting participation. 

Their exclusion from the policymaking process meant that their support for the policy mix had little 

influence. Consequently, it is unsurprising that closer to 2016 the role of micro renewables was first 

reduced, and then removed from the target in 2014, permitting carbon mitigation to be achieved through 

the use of an abatement fund, something that the housebuilding industry had lobbied for. This highlights 

the importance of building the right coalitions to drive policy (Hess 2014, 2015). Similarly, in the later 

phases the manufacturing sector (the other main beneficiary) felt that they were excluded from 

policymaking processes, and DCLG ceased correspondence. This reflects the close relationship formed 

between house-builders and state actors (primarily Treasury), due to the contribution of the housing 

market to the UK economy. It also points to the importance of including a variety of actors (including 

new entrants) at the negotiation table and highlights the limitations of an incumbent actors orientated 

policy approach as taken in the UK (Geels et al.2017). Moreover, the increments to building fabric 

efficiency (increased market for components) were implemented through the 2010 and 2013 (very 

marginal) updates to the building regulations. This reduced the incentive for the energy efficiency 

component-manufacturers (insulation, windows etc.) to support the target, as the target’s final 

implementation would not have had much (or any) impact on their market. 

Another key limitation was the lack of engagement with the general public, the other main beneficiary 

through potential cost savings on energy bills. However, these are long-term benefits which have low 

visibility, and due to the relatively low price of energy in the UK, are not particularly significant. More 

importantly, these potential future benefits never materialised as the target was abandoned. 

Consequently, it is difficult for the general public to mobilise to protect something that they have not 
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received yet, and for the most part are unaware of. In addition, there is currently low market demand 

for zero carbon housing. Some argue that energy efficiency of housing is not reflected in property values 

in the UK (Meins et al. 2010; Osmani and O’Reilly 2009), although there is also evidence to suggest 

that the market does respond when information is adequately and systematically disclosed (Fuerst et al. 

2013) . This raises opposition from house-builders who (claim that they) cannot recover the costs of 

building to higher regulations. One way of potentially generating support from the public as 

beneficiaries would be through the provision of social housing. If combined with promoting energy 

efficiency, then people may mobilise to protect the provision of social housing, rather than for higher 

sustainability standards. However, provision of social housing seems to be opposed by conservative 

party ideology, meaning this may only be possible after a change in government.   

 

6.3.  How are perceptions of policy mix credibility formed and how do these 
influence socio-technical change? 

In the early stages, the policy mix had some credibility due to strong political commitment, and 

provision of resources, but a lack of clarity about what was needed to meet the target and an initial 

period of redefinition of the target caused some inertia. The first reformulation of the target helped 

improve credibility and create positive expectations (Mourik and Raven 2006), leading to a peak of 

activity in the sector. However, later, when resources were withdrawn and political support diminished, 

these and perceptions of credibility and expectations were undermined. We also consider the previously 

mentioned limitations (limited and one-off allocation of resources, exclusion of some actors in the 

policymaking process, and lack of engagement with the general public) to have negatively affected the 

credibility of the mix over time. This links to other work on credibility in the literature on policy mixes 

for sustainability transition (Rogge and Dütschke 2018), as over time the mix became less 

comprehensive (funding mechanism removed) and the processes became less coherent (less inclusive 

and decisions lacking evidence base), which contributed to overall loss of credibility.  

A significant issue with the implementation of the policy mix was how building regulations in the UK 

are measured and enforced. There are no requirements to evaluate buildings post-construction, and the 

regulations are based on an ‘as-designed’ specification. The difference between the as-designed and as-

built performance of buildings can vary significantly (De Wilde 2014), for various reasons, including 

components being ‘value-engineered’ during the build-phase, replacing components with cheaper ones 

which may not perform as well. These findings are in line with previous work on ZCH (Heffernan et 

al. 2015) and the results of the performance gap report produced by the Zero Carbon Hub (Zero Carbon 

Hub 2014). More importantly, even in instances where the performance of buildings has been found to 

not meet the required regulations, there has never been a prosecution, fine or any other form of legal 
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consequence for non-compliance with energy efficiency regulations. We argue the lack of a robust 

enforcement mechanism meant that the regulations carried no consequence, which undermined the 

credibility of the policy mix as a whole and effectively allowed developers to opt-out of making their 

product more efficient (Pan and Garmston 2012). 

We also found that feedback mechanisms can influence the credibility of the mix in four ways. First, 

through the respective strength of the supportive/opposing coalitions (SPF-constituency feedback). If 

incumbents are supportive of the mix, it makes the prospects of achieving its goal more credible, which 

may influence other actors to also support the agenda. Conversely, as we saw in our case, as powerful 

actors stopped supporting the policy mix this undermined credibility, and resulted in a further 

weakening of the supporting coalition. Second, we suggest that cognitive feedback (SPF) is directly 

related to credibility of the mix. If specific instruments or the mix as a whole are considered to be 

ineffective or poorly performing, and these are unaddressed by policy makers, the mix may be 

considered less credible. Another contributor to the mix’s reduced credibility was policy subsystem 

change and fiscal feedback. Following the election the treasury dominated the subsystem, who then 

considered the cost of supporting the policy mix as an unnecessary expense. Under austerity, treasury 

cut all resources and reduced autonomy of other actors. As it became apparent to actors that the treasury 

opposed the target, this undermined the credibility of the mix as a whole. Finally, we consider 

administrative feedback to influence the credibility of the mix. If widespread perceptions are that the 

government lacks the capabilities to properly design and implement the mix, it may reduce credibility 

of the mix and dis-incentivise investment and support.  

These considerations suggest credibility is closely related to the occurrence of virtuous or vicious 

cycles. From our case, progress was initially made when the mix was considered credible, but for 

various reasons the mix became considered less credible, which only intensified after the vicious cycle 

started. Based on this we argue that policy makers are well advised to enhance the credibility of the 

policy mix by providing sufficient and sustained resources, resolving any limitations or constraining 

institutions, and through synergistic and systematic policymaking and implementation processes to help 

improve investor confidence.  

 

6.4.  Refinement of the framework 

Based on our empirical analysis, we propose a number of refinements to the framework proposed by 

Edmondson et al (2018): 



Author’s accepted manuscript (‘postprint’): Edmondson, D.L., Rogge, K.S. and Kern, F. (2020): Zero Carbon Homes in the UK? Analysing the 
co-evolution of policy mix and socio-technical system. Environmental Innovation and Societal Transitions, 35, 135-161. Accepted 24 

February 2020, available online 07 April 2020. https://doi.org/10.1016/j.eist.2020.02.005. 

 37 

First, the framework draws attention to the role and influence of the finance ministry, commonly 

underplayed or not treated as an important actor with its own interests in most of the transitions 

literature. The attention to fiscal feedbacks throughout the analysis helped explain the resource cuts that 

occurred in 2010, and the reluctance to devote any further resources to the mix. However, our 

application suggests that the current definition of fiscal feedback is too narrow to capture the observed 

phenomena in full. Currently, it only captures how the costs of supporting a policy mix may raise 

concerns among powerful actors, notably the finance ministry (following Oberlander & Weaver 2015). 

In our case, however, opposition to the target from the treasury was not due to direct budget strains, but 

due to the potential costs on the overall national economy (which the finance ministry was concerned 

about) and potential backlash, which may affect the government’s re-election prospects (Jacobs and 

Weaver 2015). Similar phenomena have been observed in the case of both the UK (Smith et al. 2014) 

and German  feed in tariffs for solar PV (Lauber & Jacobsson 2016), where costs of supporting the 

technology were borne by the bill payer and not the finance ministry. Consequently, we suggest 

extending the definition of fiscal feedback to consider both the direct costs on government budget, and 

societal economic costs (current or anticipated) of supporting the mix (which can also raise concerns 

among powerful actors).15 

 

Table 7 - Interactions of exogenous conditions with socio-technical system and policy subsystem 

 
15 Even if the reduced energy use would offset the initial capital cost in the long term.  

System  

Level  

Direct interaction Indirect interaction 

Policy 
subsystem  

Changes of individuals, and ideologies of 
actors in the policy subsystem. May be caused 
by a change in government. Can make certain 
feedback stronger if it resonates with the ideas 
of policy makers in the policy subsystem.  

 

Example: In our case, several changes 
occurred through the rotation of ministers in 
certain roles. Also, notably, there was a 
complete replacement of leading policymaking 
actors after the general election in 2010, and a 
partial reshuffle in 2015 (removal of Liberal 
Democrats). This change of policy actors led to 
decreased political support as the Conservative 
government were less interested in taking 
actions for climate change.  

Influence from international agreements 
which place pressure on policymaking 
actors in the policy subsystem.  

 

 

Example: In our case, the EU Buildings 
Directive helped generate momentum to 
implement national policies. Later the NZB 
2020 target was actually seen to be a 
constraining factor as the national policy 
did not match the requirements.   
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Second, the application of the framework also highlighted a potential expansion of the definition of 

administrative feedback’s influence on policymaking. The finance ministry came to dominate the policy 

subsystem towards the later phases. This meant that the autonomy of the department previously 

responsible for policy design and implementation (DCLG) was reduced. Moreover, the changes to the 

mix in these later stages came direct from the finance ministry, without consulting other departments. 

However, the current definition of administrative feedback does not capture how the reputation of the 

government as a whole, and its capabilities, changed. It only narrowly considers the particular 

government department responsible for implementation (DCLG). Therefore, since the role of this 

department in the policy process was diminished, it does not capture the phenomenon adequately. 

Consequently, opinions of actors regarding the capabilities and reputation of the respective government 

departments (administrative feedback), based on the policy changes occurring later in the timeline, are 

outside the scope of analysis (because the opinions were traced back to finance ministry, not DCLG). 

We therefore suggest extending the definition of administrative feedback to include all government 

departments who have a role in the policy mix’ evolution. Therefore, in situations where the policy 

subsystem is dominated by the finance ministry, administrative feedback would relate primarily to the 

finance ministry (who are making the decisions about changes to the policy mix).  

Third, from our empirical application we can also reflect on the proposed interactions of exogenous 

conditions and the socio-technical system, and its co-evolution with the policy mix over time. Much of 

the feedback literature commonly only considers exogenous shocks, major events that shift policy 

makers’ attention. Jordan & Matt (2014), expand on these ideas to some extent with their consideration 

Socio-
technical 
system  

Changes which influence the endogenous 
conditions of the socio-technical system may 
contribute to producing (or changing any 
existing) feedback. Such conditions may 
include economic trends changing market 
conditions, new market actors from outside the 
system, and innovation from outside the system 
which can introduce policy options. 

 

Example: In our case, we observed that a 
change in the economic conditions of the 
country led to the generation of negative socio-
political feedback, which had previously been 
mostly positive (or at least neutral). Later, the 
change of government changed the finance 
ministry’s perceptions of the relative costs of 
supporting the mix and led to negative fiscal 
feedback.  

The influence of exogenous conditions may 
not result in the formation of new feedback 
mechanisms, but may affect the endogenous 
conditions of the socio-technical system in 
ways that amplifies or constrains existing 
feedback mechanisms occurring.  

 

 

Example: In our case the recession 
negatively affected market conditions, 
which gave greater influence of the 
opposing coalition, and after the change in 
government (and policy subsystem) the 
opponents of the policy mix were more 
influential.  
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of exogenous conditions and give some examples, but do not propose specific typologies of interaction 

dynamics. We build on ideas from the transitions literature and our empirical findings to conceptualise 

mechanisms of interaction. More precisely, we derive direct and indirect interactions occurring within 

the policy subsystem and the socio-technical system, for each of which we provide examples from the 

case to illustrate these dynamics (Table 7).  

These direct and indirect interactions, resulting in changes within the policy subsystem and the creation 

of and/or amplification/minimisation of feedback mechanisms, contribute to the transitions literature 

more generally. They help understand how landscape conditions interact with the socio-technical 

system, the under-conceptualisation of which is a critique of this literature (Geels 2011). The prosed 

interactions constitute how changes in the landscape may result in policy change, broadly considered a 

key component of sustainability transitions. The effects of the recession on the housing transition in the 

UK provides an empirical example, in line with the call of Geels (2011) to better conceptualise 

landscape dynamics, of how it can re-stabilise the existing socio-technical system rather than 

reinforcing the transition.  

The changing, temporal aspect of landscape conditions, which may initially de-stabilise, and the re-

stabilise the socio-technical system, is related to the concept of ‘windows of opportunity’ (Normann 

2015). What our analysis shows is that in such windows, policymakers need to design policy to generate 

enough positive feedback so that if this window is closed, the transition has generated enough 

momentum to sustain without the supporting conditions which provided the initial stimuli for change, 

and moreover, to withstand potentially negative stimuli. To do so, policymakers need to create both 

resource effects (financial support for R,D&D), and interpretive effects (clarity and credibility), along 

with reforming constraining institutional supports. Arguably, had the design of the ZCH policy mix had 

provided more clarity through a well-defined target, and provided more support through strategic and 

consistent instruments, more progress could have been made in the first phase, which instead was a 

period of inertia within the socio-technical system. Later, when the policy mix was improved, the 

recession had already effected the economic conditions making progress slower. Consequently, there 

was not enough positive feedback generated in the first four years to withstand when the change in 

political conditions after the 2010 election. At this point the transition, which was finally gaining 

momentum, was undermined through significant changes to the policy mix under the new government, 

leading to the emergence of a vicious cycle and the abonnement of the policy mix. 
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7. Conclusions  
In the context of sustainability transitions, several authors have argued that due to the complexity, scale, 

and urgency of sustainability transitions, analyses should move towards studying multiple policy 

instruments and their interactions (Rogge et al. 2017). In particular, we follow the call for increased 

attention to the underlying policymaking processes (Flanagan et al. 2011; Rogge and Reichardt 2016) , 

offering the first empirical study to combine a consideration of policy processes in an integrated 

deductive co-evolutionary analysis of policy mix change and socio-technical change. This goes beyond 

the existing literature by analysing specific mechanisms of how co-evolutionary dynamics play out in 

practice (these mechanism are flagged throughout the analysis, e.g. [RE->STC->SPF->PMC]).  

Our paper makes three contributions to the sustainability transitions literature:  

First, empirically our study follows a unique case with a very ambitious target being introduced to 

radically transform the house-building socio-technical system in the UK. Initially, we observed some 

increasing momentum, but then a vicious cycle set in, slowing progress and raising opponents to the 

target. Over time the target lost the support of powerful actors in the advocacy coalition. Eventually, 

the target, vulnerable due to its weakened supportive coalition, was denounced, instigating significant 

backlash in the transition to a low carbon housing system in the UK. Such cases of attempted, but 

ultimately unsuccessful transitions, can help analysts identify important negative dynamics and make 

policy recommendations of how these could be potentially avoided.  

Second, the paper generates novel insights about the role of policy mix credibility, both regarding the 

factors which influence it and its impact on the socio-technical system. This contributes to the emerging 

discussion about the role of credibility in policy mixes for sustainability transitions (Rogge and 

Dütschke 2018). Credibility was considered as a strong influence in the case, but it was beyond the 

scope of this paper to explore the role of all policy mix characteristics and their interactions with 

mechanisms in the framework. We suggest that systematically integrating policy mix characteristics 

into the framework could be a useful avenue for further work. In particular, the mechanisms of the 

framework could be used to help explain how certain policy mix characteristics influence socio-

technical change, and factors to consider when analysing them.   

Finally, conceptually the paper makes a contribution through applying a theoretically derived co-

evolutionary framework to an empirical case, and proposing three conceptual refinements on this basis. 

The first refinement is to extend the definition of fiscal feedback beyond simply budget strains arising 

from supporting the policy mix, to also consider the societal economic costs (current or anticipated) on 

the national economy. As a second refinement we widen the definition of administrative feedback to 

relate to all government departments responsible for policy making, and the impact this has on the 
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overall perceptions of government capabilities. As a third refinement we more explicitly define 

interaction mechanisms of exogenous conditions on the socio-technical system. More precisely, we 

propose that exogenous conditions have direct and indirect influences on the policy subsystem and the 

socio-technical system.  

We would also like to highlight three possible avenues for further work. In our case study we found that 

implementation of the mix at both the local and national level was of significance. The local level was 

important though implementation of the CSH in its planning requirements, and the role of local 

authorities as building control officers. Currently, the framework under-conceptualises vertical 

interactions between levels of policy mixes (Howlett, Vince, and Del Río 2017). We suggest that such 

vertical interactions could be explored in further work. In addition, the analysis also brought attention 

to the role of coalitions throughout the co-evolution of the policy mix and the housebuilding socio-

technical system. In the policy feedback literature such coalitions are captured by interest groups, but a 

more nuanced view of the role of coalitions could complement the framework. Accordingly, further co-

evolutionary work could integrate ideas from the Advocacy Coalition Framework. Finally, it was 

beyond the scope of this paper to unpack the policymaking process in terms of the difference between 

design and implementation, which could also be a potential avenue for further work.  

We hope the empirical and conceptual contributions made in this paper can assist in the analysis of 

policymaking processes for sustainability transition policy mixes, by drawing attention to how design 

choices can influence the socio-technical system, which then generates feedback mechanisms affecting 

subsequently policymaking. Such feedback mechanisms are crucial for maintaining the momentum of 

transition processes, particularly in the early phases when the conditions providing a window of 

opportunity may be temporal and prone to change. This places emphasis on designing policy mixes 

effectively, with the intention of creating positive feedback, from the outset of the policy mix, rather 

than needing multiple revisions due to defective initial design. Of course, in order to do so is dependent 

on government capabilities to design and implement policy mixes. We hope that the insights generated 

can help inform transitions literature regarding how policymaking processes can affect the extent to 

which the support of powerful actors can be attained, but also how inconsistent instrument design and 

incoherent policy processes can reduce credibility, increase risk and limit progress towards achieving 

transitions.    
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