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1.  Introduction  

1.1. Existing buildings and climate policy 

Buildings are an important sector for energy end-use worldwide, with a large potential for climate 

mitigation through reduced energy consumption and associated CO2 emissions (Inter-governmental 

Panel on Climate Change 2014). In the UK, buildings account for a total of 36% of emissions: from 

direct combustion of fuel (mainly for heating and hot water); and from indirect emissions arising from 

the consumption of electricity for lighting, cooling, appliances and other services (Committee on 

Climate Change, 2018). The statutory targets of the UK Climate Change Act are consistent with near 

zero emissions from buildings by 2050 ʹ a huge and profound shift. 

Renovating existing buildings to reduce their energy demand and related carbon emissions (termed 

͚ƌĞƚƌŽĨŝƚ͛Ϳ is a major challenge because of the large size of the stock and the very slow replacement 

rate.  The majority of buildings that need to be zero carbon by 2050 are already built and in use (SDC 

2006). Existing buildings can be improved to achieve lower carbon, through insulation of the building 

envelope, changing heating and energy systems, including on site generation of renewable energy, for 

example with solar panels (Roberts 2008). 

UK policy for energy efficiency in the housing stock was for many years predicated on large-scale 

installation of relatively cheap and minimally disruptive individual measures (e.g. insulation of lofts 

and cavity walls; replacing boilers). These installation programmes were designed to support the 

cheapest means to make the largest savings, paid for by obligations on energy supply companies 

(Mallaburn and Eyre 2014). More recently, the Green Deal was a policy intended to support more 

expensive measures (especially solid wall insulation) through an innovative finance mechanism with 

accreditation of installers, but it failed to attract sufficient take-up and was progressively abandoned 

by Government from 2015, only two and a half years after it was launched (Rosenow and Eyre 2016). 

From a policy perspective, the Green Deal failed because it relied on voluntarism and high 

(unsubsidised) interest rates, informed by neo-liberal market dogma and ignoring four decades of 

experience of successful energy efficiency policy (Mallaburn and Eyre 2014). 

There are good technical reasons for questioning a policy approach based on individual measures 

ǁŚĞŶ ƚŚĞ ƉŽůŝĐǇ ŽďũĞĐƚŝǀĞ ŝƐ ĂƐ ĂŵďŝƚŝŽƵƐ ĂƐ ͚ŶĞƚ ǌĞƌŽ͛͘  The scale of ambition is consistent with ͚ĚĞĞƉ͛ 
retrofit, which involves more costly and disruptive work, and also the need to pay very close attention 

to detail at all stages of design and implementation (Topouzi 2015). Deep retrofit carries additional 

risks and uncertainties: process risks to do with the need to manage sequencing of tasks differently 

from conventional projects (Topouzi et al 2019); and technical risks of structural damage or 

underperformance when multiple measures are fitted without understanding the building physics of 

the construction as a whole (Topouzi et al 2017a). The quality of project management and delivery is 

key to minimising the gap between design and as-built performance (ZCH 2014). Feedback 

mechanisms are needed if learning is to be shared between different stages in the construction 

process and between different actors (Topouzi et al 2017b). 

The need to shift away from relatively cheap and easy individual measures towards more expensive, 

holistic and bespoke interventions has turned increasing research focus on the construction industry 

as potential agents of change (e.g. Killip 2013; Owen et al 2014). Rather than treat energy efficiency 
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as a separate kind of intervention, these researchers have shown that the existing market for general 

repair, maintenance and improvement (RMI) is a significant opportunity for deep retrofit (Killip 2011).  

However, the RMI market operates by its own rules, which need to be understood if the opportunities 

are to be realised of integrating this market with low-carbon outcomes for buildings. 

Earlier research has shown that installers are influential over technology choices and project 

specification, especially in the private, owner-occupied sector (Owen et al 2014; Wade et al 2016). But 

the installers are also influenced by fŝƌŵƐ ͚ƵƉƐƚƌĞĂŵ͛ ŝŶ ĐŽŶƐƚƌƵĐƚŝŽŶ ƐƵƉƉůǇ ĐŚĂŝŶƐ͘ Products and 

technologies which are available locally tend to be favoured over other products, because delayed 

delivery of materials has serious knock-ŽŶ ĞĨĨĞĐƚƐ ĨŽƌ ƚŚĞ ƉƌŽũĞĐƚ ĂŶĚ ƚŚĞ Ĩŝƌŵ͛Ɛ ĨůŽǁ ŽĨ ƉƌŽũĞĐƚƐ ŽǀĞƌ 
time (Killip 2013; Maby and Owen 2016). Once a product or technology has become familiar to the 

installer firm, there is a tendency for that product to be preferred, for a number of reasons: brand 

ůŽǇĂůƚǇ͖ ĐŽŵƉĂƚŝďŝůŝƚǇ ŽĨ ƉĂƌƚƐ ĂŶĚ ƐǇƐƚĞŵ ĐŽŵƉŽŶĞŶƚƐ ǁŝƚŚŝŶ Ă ŵĂŶƵĨĂĐƚƵƌĞƌ͛Ɛ ƉƌŽĚƵĐƚ ƌĂŶŐĞ͖ ƚŚĞ 
availability of discounts, which can boost profits if the discounts are not passed on to end customers; 

a practical appreciation of product quality and reliability; a desire to avoid call-backs to fix faulty 

equipment or problems in operation (Killip 2013). The relationship between installers and the product 

supply chain is therefore important, as it helps to explain conservatism in product specification, and 

also provides the context in which any product innovation has to compete with established product 

lines. 

This paper presents findings of research with merchants and manufacturers in the RMI supply chain. 

What are the strategies of merchants and manufacturers in selling products to installers and other 

actors? How do they view (and engage with) the conservative tendencies of installers? In what 

circumstances do they choose to introduce new products (or not)? What do they do to develop 

markets for products and services ʹ both established lines and new innovations?  

The focus on these supply chain actors does not preclude the possibility of innovations coming from 

elsewhere. For example, two innovations have attracted particular interest within the industry in 

recent times. The first of these is Building Information Modelling (BIM), which is a concept for creating 

and managing digital information about a building, including information on products and materials, 

design and three-dimensional representations of the final assembly. The UK government set a target 

of having fully collaborative 3-D BIM on centrally procured government construction projects by 2016, 

and the Construction Strategy for 2016-2020 seeks to further embed this across government 

departments (Infrastructure and Projects Authority 2016). The second innovation is off-site 

manufacture, which is viewed by some industry stakeholders as a way of radically altering the sector 

to improve efficiency and labour productivity (Farmer 2016).  

The processes by which innovations are selected (or not) need to be better understood if the existing 

markets for construction work are to be successfully enrolled in innovations like BIM and off-site 

manufacture. This ƌĞƐĞĂƌĐŚ ƵƐĞƐ ƚŚĞ ĐŽŶĐĞƉƚ ŽĨ ͚ ŵŝĚĚůĞ ĂĐƚŽƌƐ͕͛ ǁŚŽ ŽĐĐƵƉǇ Ă ƉŽƐŝƚŝŽŶ ƚŚĂƚ ŝƐ ďĞƚǁĞĞŶ 
top-down policy and bottom-up consumer demand (Janda and Parag 2013Ϳ͘ ͚MŝĚĚůĞ ĂĐƚŽƌƐ͛ ŚĂǀĞ ƚŚĞŝƌ 
own practices, culture and ways of operating, which mean that they are more than just passive agents 

for policy delivery or unquestioning providers of what customers want. In this framing, middle actors 

wield influence upwards to shape policy, downwards to shape consumer demand, and also sideways 

to influence other actors in the ͚ŵŝĚĚůĞ͛͘ TŚĞ ĐŽŶĐĞƉƚ ŽĨ ͚ŵŝĚĚůĞ ĂĐƚŽƌƐ͛ ƌĞƉƌĞƐĞŶƚƐ ŽƌŐĂŶŝƐĂƚŝŽŶƐ 
involved in complex project-based industries as active agents in decision-making, seeking to influence 
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ĂŶĚ ƐŚĂƉĞ ĚĞĐŝƐŝŽŶƐ ŝŶ ƚŚĞ ůŝŐŚƚ ŽĨ ƚŚĞŝƌ ŽǁŶ ĞǆƉĞƌŝĞŶĐĞ ĂŶĚ ƉƌĞĨĞƌĞŶĐĞƐ͘ TŚŝƐ ͚ŵŝĚĚůĞ ĂĐƚŽƌ͛ ĨƌĂŵŝŶŐ 
highlights the interaction of different working practices, preferences, and values in decision-making.  

[INSERT FIG 1] 

Figure 1: Middle actors in the construction value network (adapted from Janda and Parag 2013) 

This paper contributes ƚŽ ƚŚĞƐĞ ĚĞďĂƚĞƐ ďǇ ĞǆƉůŽƌŝŶŐ ƚŚĞ ƌŽůĞ ŽĨ ďƵŝůĚĞƌƐ͛ ŵĞƌĐŚĂŶƚƐ ĂŶĚ 
manufacturers in the actor network of construction. Merchants and manufacturers have the potential 

to influence installers, who themselves are influential over detailed project design, and product 

choices by clients. How do merchants and manufacturers operate in the wider actor network of 

construction? And what factors affect the ability of these construction supply chain actors to introduce 

new products or processes to achieve lower carbon outcomes?  

The remainder of the paper is structured as follows: section 2 provides a brief literature review of 

construction as a complex systems industry, leading to a discussion of linear and network-based 

concepts ŽĨ ͚ƐƵƉƉůǇ ĐŚĂŝŶ͛; Section 3 outlines tŚĞ ƐƚƵĚǇ͛Ɛ ŵĞƚŚŽĚŽůŽŐǇ͖ “ĞĐƚŝŽŶ ϰ ƉƌĞƐĞŶƚƐ ƌĞƐƵůƚƐ ŝŶ Ă 
thematic analysis of interviews; Section 5 discusses the implications of these results; and Section 6 

draws out some key conclusions with pointers for policy and future research. 

 

2. Literature review 

2.1 nstruction as a complex systems industry 

WŝŶĐŚ ;ϭϵϵϴͿ ĂƌŐƵĞƐ ƚŚĂƚ ƚŚĞ ĐŽŶƐƚƌƵĐƚŝŽŶ ŝŶĚƵƐƚƌǇ ŶĞĞĚƐ ƚŽ ďĞ ƵŶĚĞƌƐƚŽŽĚ ĂƐ Ă ͚ĐŽŵƉůĞǆ ƐǇƐƚĞŵƐ 
ŝŶĚƵƐƚƌǇ͛ ĚĞůŝǀĞƌŝŶŐ ďƵŝůĚŝŶŐƐ͕ ǁŚŝĐŚ ĂƌĞ ͚ĐŽŵƉůĞǆ ƉƌŽĚƵĐƚ ƐǇƐƚĞŵƐ͛͘ Other examples of complex 

product systems include ship-building and electricity supply systems (Winch 2003). The key 

characteristics of these complex products are: multiple interconnected and customised elements; 

non-linear and emergent properties whereby small changes in one element can lead to large changes 

elsewhere; and a high degree of user involvement in the innovation process (Winch 1998: 269). 

Construction product supply chains are very different from supply chains in manufacturing sectors.  A 

manufacturing approach seeks to reduce or eliminate these emergent properties and user 

involvement, by delineating in advance as many aspects of design as possible and systematically 

designing out uncertainties.  However, construction projects, which must be responsive to site specific 

factors, cannot achieve the level of certainty that efficient manufacturing requires. The 

characterisation of construction as a complex products industry justifies a research focus on the 

processes and actor networks of production. Patterns of influence can be traced through relationships 

and flows of information, not merely through the financial transaction of product sales.  

Dubois and Gadde (2002) identify a systemic tension in the operation of firm- and project-level 

processes in construction, whereby flexibility and on-the-job problem-solving at project level lead to 

unpredictability over time about the flow of work at the firm level. The industry as a whole copes with 

this tension by having firms which can substitute readily for other firms of the same type (e.g. if 

Plumber A is unavailable, Plumber B can be called in at short notice to do the same work). For 

substitutability to work, the tasks conventionally allocated to each type of firm need to be consistent. 

In effect, this means that the industry manages to be innovative and flexible on projects by being 

simultaneously conservative and inflexible in its allocation of roles and responsibilities among firms. 
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Janda and Parag (2013) make a related point when they argue that lasting innovation in construction 

requires two mechanisms to work synergistically: a mechanism by which firms can decide to use 

materials and products (the project level in DƵďŽŝƐ ĂŶĚ GĂĚĚĞ͛Ɛ terms); and a mechanism for 

embedding those choices in their practices and processes (the firm level). Firms working on projects 

make product choices at least partly based on what is available locally and quickly from merchants, 

creating a self-reinforcing preference for established product lines (Killip 2013). Manufacturers and 

merchants clearly have a stake in this decision-making process, whether they are incumbent firms 

with a large market share to protect, or smaller firms with new or specialist products. This research 

investigates how merchants and manufacturers seek to have influence over product specification on 

projects and over the ways in which processes and practices of other firms in the supply chain are 

affected. 

2.2 Construction supply chains, value chains and value networks 

A supply chain is often considered as a linear model, supporting the flow of resources from raw 

material to consumer.  TŚĞ ͚ǀĂůƵĞ ĐŚĂŝŶ͛ ŵŽĚĞů ;PŽƌƚĞƌ ϭϵϴ5) incorporates support functions such as 

firm infrastructure and human resource management (including workforce skill development) as 

important aspects running alongside the flow of materials.  However, the focus of the value chain is 

usually a single firm and the concept becomes more difficult to apply to a project or series of projects 

involving several firms.  While clearly a powerful management tool, in terms of supporting analysis 

the value chain misrepresents a construction project in the same way as a linear supply chain does, 

because it makes the assumption that all activities are undertaken with a unified aim.  For a linear 

supply chain, that aim is the transformation of materials into a good or service.  For the value chain, 

the aim is to secure competitive advantage for a firm so that it gains market share, revenue and profit.   

In a construction project undertaken through the collaboration of multiple firms or tradespeople, 

there will be multiple aims.  For example͗ ŵĞĞƚŝŶŐ ƚŚĞ ĐůŝĞŶƚ͛Ɛ ƐƚĂƚĞĚ ŶĞed, complying with regulations, 

using skills and knowledge effectively, getting paid enough and on time.    

VƌŝĞũŚŽĞĨ ĂŶĚ KŽƐŬĞůĂ ;ϮϬϬϬͿ ƉƌŽǀŝĚĞ Ă ƵƐĞĨƵů ĐĂƚĞŐŽƌŝƐĂƚŝŽŶ ŽĨ ĨŽƵƌ ͚ƌŽůĞƐ͛ Žƌ ƉŽŝŶƚƐ ŽĨ ĨŽĐƵƐ ĂŵŽŶŐ 
supply chains in construction, which aids understanding of the dynamics that can exist between firms, 

whether in manufacturing, distribution, sales or on-site construction (Error! Reference source not 

found.). The roles include providing the interface between product suppliers and the construction site, 

or participating in the internal dynamics of manufacture and distribution before reaching the 

construction site. These different roles start to show how value is generated by a range of different 

project actors, not all of whom will be directly involved in the practicalities of construction. 

[INSERT FIG 2] 

Figure 2: The structure of four roles within the supply chain management in construction of (source: Vriejhoef and Koskela 

2000: 171) 

The variety of roles and aims co-existing in a construction project lead to developing the idea of a 

value chain into a value network, recognising that a firm in the network must be strategic and 

adaptable to future opportunities, not just satisfying the current needs of their customer (Normann 

and Ramirez 2000; Kelly and Marchese 2015).  In a value network there will be influences forwards 

along the supply chain, backwards from customer feedback, sideways between trades and disciplines, 

downwards from regulations and strategy and upwards from project specifics.   
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Walters and Lancaster (1999) identify the need for different forms of information to flow around the 

value network, in order to support the different forms of value sought by different actors i.e. 

relationships are multi-faceted, and the information flowing around the network is also complex. 

Relationships in supply networks involve more than commercial firms, and there is a need to 

acknowledge, and potentially reframe supply networks, around a variety of drivers and motivations 

(Josserand et al, 2018).  

Each of these models ʹ supply chain, firm-based value chain and strategic value network ʹ can co-exist 

in a construction project.  In the web of relationships and actions that come together to deliver a 

project, each actor will have only a partial view of the web.  A merchant may see several intersecting 

linear supply chains where they receive materials from a set of suppliers and sell those materials on, 

in different, project-specific combinations, to builders. 

 Methodology 

A qualitative approach was used for this research. Primary data was collected from original interviews. 

Other sources includĞ ƚŚĞ ĂƵƚŚŽƌƐ͛ ĐŽůůĞĐƚŝǀĞ ĞǆƉĞƌŝĞŶĐĞ ŽĨ ŶĞĂƌůǇ ƚŚƌĞĞ ĚĞĐĂĚĞƐ participating in 

industry-convened meetings, informal discussions and events focused on retrofit. While this 

experience is not used as part of the primary data analysed here, it enriches the qualitative research 

approach and informs the analysis of data collected from the semi-structured interviews (Creswell 

2009, especially Chapter 9).   

Eleven semi-structured interviews were conducted July 2017 ʹ February 2018 (two directors of one 

firm were interviewed together in one interview, so there were 12 viewpoints expressed in total). 

Interviewees were recruited largely through personal contacts, but also through networking at 

industry-convened events.  Ten interviews were conducted face-to-face; one was done over the 

phone.  Interviews lasted 54 ʹ 115 minutes (mean length 79 minutes). All interviews were recorded, 

transcribed and coded using NVivo 11.  

For the interviews, a range of different voices was sought, from large and mainstream organisations 

ƚŚƌŽƵŐŚ ƚŽ ƐŵĂůůĞƌ ĨŝƌŵƐ ǁŝƚŚ Ă ƉĂƌƚŝĐƵůĂƌ ͚ŐƌĞĞŶ͛ ĨŽĐƵƐ ƚŽ ƚŚĞŝƌ ĂĐƚŝǀŝƚŝĞƐ͘ We also sought to gather 

insights from a mix of manufacturers and merchants; firms dealing with materials in standard units 

(lengths of timber, bags of plaster etc.) and firms dealing with manufactured products (e.g. windows, 

ŚĞĂƚŝŶŐ ƚĞĐŚŶŽůŽŐŝĞƐͿ͖ ĨŝƌŵƐ ǁŚŝĐŚ ƉƌŽŵŽƚĞ ƚŚĞŵƐĞůǀĞƐ ĂƐ ͚ŐƌĞĞŶ͛ Žƌ ͚ĞĐŽ͛ ĂŶĚ ƚŚŽƐĞ ǁŚŝĐŚ ĚŽ ŶŽƚ͘ 

The sample is not intended to be representative; the research used purposive sampling to include a 

ůĂƌŐĞƌ ƉƌŽƉŽƌƚŝŽŶ ŽĨ ͚ŐƌĞĞŶ͛ ŝŶŶŽǀĂƚŽƌƐ ƚŚĂŶ ǁŽƵůĚ ďĞ ũƵƐƚŝĨŝĞĚ ŝĨ ƚŚĞ ƐĂŵƉůŝŶŐ ŵĞƚŚŽĚ ǁĂƐ 
representative of the market (Mason 2002). The choice of who to approach for interview was based 

ŽŶ ƚŚĞ ͚ŝŶĨŽƌŵĂƚŝŽŶ ĐŽŶƚĞŶƚ͛ ŽĨ ƐƚƵĚǇ ƉĂƌƚŝĐŝƉĂŶƚƐ ŝŶ ƌĞůĂƚŝŽŶ ƚŽ ƚŚĞ ƌĞƐĞĂƌĐŚ ƋƵĞƐƚŝŽŶƐ ;FůǇǀďĞƌŐ 
2006). The inevitable bias of this sample can be justified in terms of innovation: the contrast between 

innovative practices and mainstream practices can bring particular kinds of insights about the 

perception of risk and opportunity.  

The eleven organisations interviewed can be summarised in terms of the four ͚ƌŽůĞ͛ ƚǇƉĞƐ (see Error! 

Reference source not found.) with one further category added: trade association (Table 1). 

Table 1. Summary of the roles, activities and product types covered by the interviewees 
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Inter-

viewee 

ID 

Roles as in  Error! Reference source not found. 

Additional role 

(not in Figure 2) 

1: 

Wholesale 

2: 

Manufacture & 

distribution 

3: 

Pre- fabrication 

4: 

Product supply 

& installation 

Trade  

association 

1           

2           

3           

4           

5           

6           

7           

8           

9           

10           

11           

total 3 5 1 2 1 

 

The analytical framework developed for coding the data generated from the interviews drew on the 

ƌĞƐĞĂƌĐŚĞƌƐ͛ ƉƌŝŽƌ ĞǆƉĞƌŝĞŶĐĞ ĂŶĚ positionality (Mills and Birks 2014).  In semi-structured interviews, 

an interview guide is used to ensure key topics are covered, but the interviewer is able to respond and 

adapt to participant responses, ensuring that the data gathered fully reflects eacŚ ƉĂƌƚŝĐŝƉĂŶƚ͛Ɛ 
individual profile, expertise and interests (Cassell and Symon 2004). The interview protocol is at 

Appendix A.   The analysis ŝƐ ŝŶĨŽƌŵĞĚ ďǇ ƚŚĞ ͚ŵŝĚĚůĞ ĂĐƚŽƌ͛ ĐŽŶĐĞƉƚ͕ ǁŝƚŚ ĂƚƚĞŶƚŝŽŶ ďĞŝŶŐ ƉĂŝĚ ƚŽ all 

directions of influence ('upwards', 'sideways', and 'downwards'). TŚĞ ŽƌŐĂŶŝƐĂƚŝŽŶ ŽĨ ƚŚĞ ͚ŵŝĚĚůĞ͛ ŝƐ 
itself not a given, but needs to take account of the possibility of different roles (Error! Reference 

source not found.) that serve to create value across the network. TŚĞ ͚ƐŝĚĞǁĂǇƐ͛ ŝŶĨůƵĞŶĐĞƐ ĂƌĞ ůŝŬĞůǇ 
to be varied, aligned with the different forms of internal organisation that the value network can take. 

A set of Nvivo codes was developed collaboratively by all three authors to create a template for 

analysis, a method which allows more focussed interrogation of qualitative data (King and Brooks, 

2016).  Coding was done by one author using this template to ensure a consistent approach. During 

coding, several new sub-codes were added to the initial list in order to reflect topics of discussion that 

were new or unique to one or other of the interviews. However, the structure of main codes was 

respected, i.e. none were added or deleted. The full list of codes can be found in Appendix B.  A second 

round of analysis, which recognised both the frequency of code occurrence but also the content and 

meaning of data collected under codes,  sought to identify high-level categories across codes, leading 

to six broad themes ƌĞƉŽƌƚĞĚ ƵŶĚĞƌ ͚‘ĞƐƵůƚƐ͛ below (as in Creswell 2009). 

 Results 

4.1 Construction industry practices 

The merchants and manufacturers we interviewed shared an understanding of themselves as actors 

in a complex network, with multiple other actors implicated in the delivery of construction projects. 

The conservatism of the construction industry was touched on several times in interviews, with a 

strong sense that it is deeply ingrained and therefore needs to be taken into account, not dismissed 
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or wished away.  Interviewee 6 made a comparison with motor manufacturing and consumer gadgets 

to highlight the category difference with construction: 

ǁĞ͛ƌĞ ŶŽƚ ůŝŬĞ TĞƐůĂ ůĂƵŶĐŚŝŶŐ Ă ĐĂƌ ͙ ĂŶĚ ĐĂŶ ŐĞƚ ϮϬ͕ϬϬϬ ĂĚǀĂŶĐĞ ƐĂůĞƐ͘ TŚĞ ĐŽŶƐƚƌƵĐƚŝŽŶ 
ŝŶĚƵƐƚƌǇ ĚŽĞƐ ŶŽƚ ǁŽƌŬ ůŝŬĞ ƚŚĂƚ͘ WŚĞŶ ǇŽƵ͛ƌĞ bringing out new products, there is an issue of 

͙ ǁŚŽ ŝƐ ŐŽŝŶŐ ƚŽ ƚĂŬĞ ƚŚĞ ƌŝƐŬ (Int. 6 - wholesale merchant) 

Conservatism was also commented on in relation to builders and installers, whose reluctance to work 

with new products and materials can be explained at least partly because of constraints elsewhere in 

the value network, and because ƚŚĞ ŝŶƐƚĂůůĞƌ͛Ɛ ŶŽƌŵĂů ĐŽŶĨŝĚĞŶĐĞ ŝƐ ďĂƐĞĚ ŽŶ ƌĞƉĞĂƚ ĞǆƉĞƌŝĞŶĐĞ ǁŝƚŚ 
deeply familiar technologies: 

ǇŽƵ͛ǀĞ ŐŽƚ ƚŚĞ ďƵŝůĚĞƌ ĐŽŵŝŶŐ ďĂĐŬ ƐĂǇŝŶŐ͕ ǁŚĞƌĞ Ăŵ I ƐƵƉƉŽƐĞĚ ƚŽ ďůŽŽĚǇ ŐĞƚ ƚŚŝƐ ĨƌŽŵ͍ ͙ 
ƚŚĞŶ ƚŚĞ ĐƌĂĨƚƐŵĂŶ ǁŝůů ƐĂǇ͕ I͛ǀĞ ŶĞǀĞƌ ƵƐĞĚ ƚŚĂƚ ĂŶĚ I ĐĂŶ͛ƚ ƉƌŽŵŝƐĞ ƚŽ ƉƵƚ ƚŚĂƚ ŽŶ ƉƌŽƉĞƌůǇ 
͙ SŽ ƚŚĞƌĞ ŝƐ Ă ƌĞƐŝƐƚĂŶĐĞ ƚŚĂƚ͛Ɛ ƐŽƌƚ ŽĨ ͙ ŚĂƌĚ-wired into the whole process. (Int. 10 - 

wholesale merchant) 

Interviewee 9 summarised the complexity of intertwined services provided in the value network, 

emphasising the importance of financial credit, distribution logistics and marketing alongside the 

more obvious flow of products from manufacturer to merchant to contractor: 

The contractors quite like [the arrangement] ďĞĐĂƵƐĞ ƚŚĞǇ͛ǀĞ ƵƐƵĂůůǇ ŐŽƚ ĂĐĐŽƵŶƚƐ ǁŝƚŚ 
merchants. Merchants like [it] because they do very little frankly for the sale ͙ The benefit 

for us is it exposes us to merchants so they hear about us. It offers us a little bit of protection 

because if the contractor goes pop, our contract commercially is not with them so ƚŚĂƚ͛Ɛ ƚŚĞŝƌ 
risk and not ours (Int. 9 ʹ manufacture and distribution) 

Interviewees commented on a systemic downward pressure on quality generally, which means that 

the care and attention to detail needed for high-performance retrofits is a long way from the norm.  

ŽƵƌ ŝŶƐƚĂůůĞƌ ďĂƐĞ ƚŚĞǇ͛ƌĞ ďĞŝŶŐ ĚƌŝǀĞŶ ƚŽ ĚŽ ŵŽƌĞ ĂŶĚ ŵŽƌĞ ǁŽƌŬ ĨŽƌ ůĞƐƐ ĂŶĚ ůĞƐƐ ŵŽŶĞǇ 
without robust quality controls (Int. 8 - manufacture and distribution) 

Feedback mechanisms on how buildings actually perform were cited by several interviewees as 

important ʹ but missing ʹ means of raising the quality of industry and project performance: 

people will not care enough about the process and product control until there is a feedback 

loop that will hold them to account (Int. 8 - manufacture and distribution) 

From these few interview quotes, it is clear that the construction value network does not operate like 

a consolidated product supply chain. No-one is in overall charge, and several kinds of risk are 

evidenced through the operation of the network: financial risks; risks arising from loss of confidence; 

building performance risks. 

4.2 Skills and knowledge  

Interviewees provided insights to the types of skills and knowledge which they believed added value 

across their network.  In relation to retrofit, they identified knowledge gaps in a number of key 

technical issues to do with moisture, ventilation, and heat loss.  A recurring theme was the need to be 
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able to see beyond individual tasks and understand the broader context in which a technology or a 

skill was being deployed: 

YŽƵ͛ǀĞ ŐŽƚ ƚŽ ƚƌĞĂƚ ƚŚĞ ǁŚŽůĞ ŚŽƵƐĞ ĂƐ Ă ƐǇƐƚĞŵ͕ ĚŽ ǁŚŽůĞ ŚŽƵƐĞ ƌĞƚƌŽĨŝƚ͘ Oƌ ĞǀĞŶ ŝĨ ŝƚ is done 

ůŽŶŐŝƚƵĚŝŶĂůůǇ͕ ǇŽƵ͛ǀĞ ŐŽƚ ƚŽ ĚĞĂů ǁŝƚŚ ƚŚĞ ŵŽŝƐƚƵƌĞ ŝƐƐƵĞƐ͘ Aůů ƚŚŽƐĞ ƐŽƌƚ ŽĨ ŝƐƐƵĞƐ ƚŚĂƚ ǁĞ ŬŶŽǁ 
about have got to be enshrined in developing better work from the mainstream ͙ Iƚ͛Ɛ ŶŽƚ 
ƌŽĐŬĞƚ ƐĐŝĞŶĐĞ͕ ŝƚ͛Ɛ ũƵƐƚ ŐŽŽĚ ďƵŝůĚŝŶŐ ƉŚǇƐŝĐƐ͕ ďƵƚ ĂĐƚƵĂlly for most people it is rocket science 

(Int. 5 - supplier/installer) 

This lack of knowledge can be a contributing factor in product substitution, where the product 

intended in the original design gets swapped for another product, possibly because of cost, but also 

because the full range of products may not be carried by merchants, so substitution is preferred over 

time-ĐŽŶƐƵŵŝŶŐ ͚ƐƉĞĐŝĂů͛ ŽƌĚĞƌƐ: 

TŚĞ ďƵŝůĚĞƌ ũƵƐƚ ĚŽĞƐŶ͛ƚ ŬŶŽǁ ƚŚĂƚ ŚĞ ƐŚŽƵůĚŶ͛ƚ ĚŽ ŝƚ ďĞĐĂƵƐĞ ŶŽ-one has bothered to tell him, 

Žƌ ŝƚ͛Ɛ ŶŽƚ ĐůĞĂƌ ĨƌŽŵ ƚŚĞ ŝŶĨŽƌŵĂƚŝŽŶ ŚĞ ŚĂƐ͘ IĨ ǇŽƵ ǁĂŶƚ ƚŽ ŐŽ ĚŽǁŶ ĂŶĚ ŐĞƚ FXϱϬϬ ĂŶĚ ƚŚĞǇ͛ǀĞ 
ŽŶůǇ ŐŽƚ FXϮϬϬ ĂŶĚ ƚŚĞǇ ůŽŽŬ ĞǆĂĐƚůǇ ƚŚĞ ƐĂŵĞ ͙ (Int. 10 - wholesale merchant) 

Several interviewees reported engaging in activities for education and training, from formal taught 

courses with accreditation (including continuing professional development, CPD) through to much 

more informal processes of engagement with clients and other actors in the construction value 

network. Interviewee 9 described how a professional institution earns income from CPD by getting 

ƚƌĂŝŶĞƌƐ ƚŽ ƉĂǇ ƚŽ ƌƵŶ ĐŽƵƌƐĞƐ͕ ǁŝƚŚ ĞǆƚƌĂ CPD ͚ĐƌĞĚŝƚƐ͛ ŽŶ ŽĨĨĞƌ ƚŽ ŝŶĐĞŶƚŝǀŝƐĞ ĂƚƚĞŶĚĂŶĐĞ ĂŵŽŶŐ 
professionals (who need a minimum number of CPD credits each year to retain their professional 

status). The educational experience can become heavily commercialised as a result: 

The majority of CPDs these days are generally people turning up and wanting to flog their 

ƉƌŽĚƵĐƚ ĂŶĚ ŝƚ͛Ɛ ƵƐƵĂůůǇ ƋƵŝƚĞ Ă ŚĂƌĚ ƐĞůů͕ Ăƚ ůĞĂƐƚ ƚŚĂƚ͛Ɛ ƚŚĞ ĨĞĞĚďĂĐŬ ǁĞ ŐĞƚ͘ WĞ ƉƌŝĚĞ 
ŽƵƌƐĞůǀĞƐ ŽŶ ƚŚĞ ĨĂĐƚ ƚŚĂƚ ǁŚĞŶ ǁĞ ƌŽĐŬ ƵƉ͕ ǁĞ͛ƌĞ ƚƌǇŝŶŐ ƚŽ ƚƌĂŝŶ ŝŶĚŝǀŝĚƵĂůƐ (Int. 9 - 

manufacture and distribution) 

IŶƚĞƌǀŝĞǁĞĞ ϳ͛Ɛ ĞǆƉĞƌŝĞŶĐĞ ;ĨƌŽŵ Ă ƚƌĂĚĞ ĂƐƐŽĐŝĂƚŝŽŶ ƉĞƌƐƉĞĐƚŝǀĞͿ ŚŝŐŚůŝŐŚƚĞĚ Ă ƉƌŽďůĞŵ ƌĞůĂƚĞĚ to 

poor understanding among government officials ʹ specifically in relation to environmental product 

declarations (EPDs).1  This interviewee was particularly concerned about the lack of technical support 

for policy-makers in national government, reinforcing the idea that the value network extends wider 

than a linear supply chain: 

͙ ƚŚĞƌĞ ŝƐ ĂůŵŽƐƚ ŶŽ ƚĞĐŚŶŝĐĂů ĞǆƉĞƌƚŝƐĞ ǁŚĂƚƐŽĞǀĞƌ͕ ĂŶĚ I ĚŽ ŶŽƚ ƐĞĞ ŚŽǁ ǇŽƵ ĐĂŶ ƌƵŶ Ă 
country in the 21st century with no technical expertise in Government. (Int. 7 - trade 

association) 

It is impossible to generalise from this small sample, but it is worth noting that the interviewees only 

mentioned failings in the system, and no positive endorsements of existing provision were made. On 

this evidence, skills and technical knowledge are seen as necessary but lacking ʹ either because 

there is no education at all, or because the quality of education is insufficient.  

                                                           
1 EPDs provide quantified environmental information about the life cycle of a product in order to facilitate 

environmental comparison between products that perform the same function. 
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4.3 Roles and responsibilities 

All the interviewees demonstrated a keen awareness of their own activities being situated within a 

network of interacting stakeholders. Their views on those networks can be summarised in terms of 

control and influence: 

as a merchant and a distributor, we can influence certain things and we can control certain 

ƚŚŝŶŐƐ͕ ďƵƚ ǁĞ ĚŽŶ͛ƚ ŚĂǀĞ ǀĞƌǇ ŵƵĐŚ influence over our customer behaviour and over building 

practices (Int. 4 - wholesale merchant) 

IŶƚĞƌǀŝĞǁĞĞ ϰ ĚĞƐĐƌŝďĞĚ Ă ǁĂƐƚĞ ĐŽůůĞĐƚŝŽŶ ƐĐŚĞŵĞ ŽƉĞƌĂƚĞĚ Ăƚ ďƵŝůĚĞƌƐ͛ ŵĞƌĐŚĂŶƚƐ͕ ďǇ ǁŚŝĐŚ ƚŚĞ 
merchant acted as a depot for waste materials. This was offered as a free service for customer firms, 

who would otherwise have to organise their own waste management, providing an incentive of 

reduced time and hassle for certain kinds of customer. 

Manufacture, distribution and end-of-life disposal are considered to be within the scope of some 

manufacturers, but they stop short of taking responsibility for in-life building operational 

performance. This seems to be linked to the point that operation is very remote from what firms can 

control or influence.  This limited scope of responsibility, and influence, is also enshrined in the 

international standards for product certification through Environmental Product Declarations (EPDs): 

WĞ ŚĂǀĞ ŚĂƌŵŽŶŝƐĞĚ EƵƌŽƉĞĂŶ ƐƚĂŶĚĂƌĚƐ ͙ ĂŶĚ ǁĞ ĂƌĞ ƉĂƌƚ ŽĨ ƚŚĞ CE ŵĂƌŬŝŶŐ ƉƌŽĐĞƐƐ͘ SŽ 
for industry, having consistent and widespread adoption of the same methodologies of testing, 

of reporting, is hugely important. (Int. 7 - trade association) 

In contrast, some interviewees recognised that they satisfy the needs of a smaller niche market, where 

in-use building performance is a priority and clients themselves know the sorts of outcomes they want 

to achieve: 

ŵŽƐƚ ŽĨ ŽƵƌ ďƵƐŝŶĞƐƐ ŝƐ ŝŶŝƚŝĂƚĞĚ ďǇ ĐůŝĞŶƚƐ͕ ŬŶŽǁůĞĚŐĞĂďůĞ ĐůŝĞŶƚƐ͘ SŽ ĞŝƚŚĞƌ ƚŚĂƚ͛Ɛ self-build 

ƉĞŽƉůĞ ͙ Žƌ ƐŽĐŝĂů ŚŽƵƐŝŶŐ ͙. We do price for architects, so it could be driven by architects, 

but clients have to be [on-board so that] is the most important bit. (Int. 5 - supplier/installer) 

PĂƚƚĞƌŶƐ ĐĂŶ ďĞ ƐĞĞŶ ŝŶ ƚŚĞ ŝŶƚĞƌǀŝĞǁĞĞƐ͛ ƉĞƌĐĞƉƚŝŽŶƐ ŽĨ ƌŽůĞƐ ĂŶĚ ƌĞƐƉŽŶƐŝďŝůŝƚŝĞƐ͘ TŚĞ ƚƌĂĚĞ 
association (interviewee 7) was, unsurprisingly, mostly focused on policy issues. Among the 

merchants and manufacturers, the distinction is primarily between the mainstream and niche 

markets: in large-volume, mainstream markets these middle actors feel remote from end-user 

clients and do not see building performance as an issue that they can influence; in contrast, the firms 

ŽƉĞƌĂƚŝŶŐ ŝŶ ŶŝĐŚĞ ͚ŐƌĞĞŶ͛ ŵĂƌŬĞƚƐ ĂƌĞ engaged with building performance as an issue. Nor is this 

simply a question of response to consumer demand: in both sections of the market the merchants 

and manufacturers take active steps to shape and influence demand. 

4.4 Innovation 

The tiny size of the market for ambitious low-energy projects means that some interviewees take a 

very active role in not only meeting market demand, but also in helping to create demand in the first 

place i.e. finding opportunities within their network to deliver additional value. This role involves a 

great deal of time spent talking with prospective or existing clients about their projects and the options 

they have: 
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ƐŽŵĞƚŝŵĞƐ ƚŚĞǇ ĚŽŶ͛ƚ ŬŶŽǁ ƚŚĞǇ ǁĂŶƚ ƐŽŵĞƚŚŝŶŐ ŐƌŽƵŶĚ-breaking until we explain that they 

ĚŽ͘ SŽ ƚŚĞǇ͛ǀĞ ďĞĞŶ ŽŶ Ă ƌĞĂů ũŽƵƌŶĞǇ ŽĨ ƚƌƵƐƚ ǁŝƚŚ ƵƐ ĂŶĚ ĂĐƚƵĂůůǇ ƚŚĞǇ ĞŶĚ ƵƉ ďĞŝŶŐ ŬŝŶĚ ŽĨ 
near to personal friends (Int. 5 - supplier/installer) 

This highly personalised approach to market development is not the norm, however. Among larger 

firms seeking much larger volumes of sales, the challenge of successful innovation is not really new 

product development, but about finding a route to market. Once again, installers are seen to be key:   

There is no smooth path from R&D to pre-commercial development to commercial rollout 

ďĞĐĂƵƐĞ ͙ ǁĞ ŚĂǀĞ ŶŽ ŝŶƐƚĂůůĞƌ ďĂƐĞ͕ ĂŶĚ ƚŚĞ ŝŶƐƚĂůůĞƌƐ ǁŽƵůĚ ŐĞƚ ǀĞƌǇ ŶĞƌǀŽƵƐ ŝĨ ǁĞ ƚƌŝĞĚ ƚŽ 
do it. (Int. 8 - manufacture and distribution) 

A common theme was the potential of disruptive ideas to change the way in which construction 

activity is carried out and create new value networks.  Our interviewees identified BIM, off site 

solutions, internet of things and feedback from project performance as specific examples.    

Building Information Modelling (BIM) and associated data management appears to offer substantial 

benefits for sustainable construction by assuring greater understanding of design decisions and 

maintaining continuity of information throughout a project.  With a strong focus on product 

certification and technical standards for product life-cycle assessments, Interviewee 7 had a keen 

interest in Building Information Management (BIM) systems: 

ǇŽƵƌ ƉƌŽĚƵĐƚ ŝŶĨŽƌŵĂƚŝŽŶ ŐŽĞƐ ŝŶƚŽ ǇŽƵƌ BIM ŵŽĚĞů͘ TŚĂƚ ŵĞĂŶƐ ŝĨ ǇŽƵ͛ƌĞ ŵĂŶĂŐŝŶŐ Žƌ ǇŽƵ 
ďƵǇ Ă ďƵŝůĚŝŶŐ͕ ǇŽƵ ŬŶŽǁ ǁŚĂƚ ǁĞŶƚ ŝŶ ŝƚ ͙ ǇŽƵ͛ůů ŬŶŽǁ ǁŚĂƚ ŵĂŝŶƚĞŶĂŶĐĞ ŚĂƐ ŚĂƉƉĞŶĞĚ ŽŶ 
ŝƚ͘ ͙ TŚĞŶ ŝŶ ƚŝŵĞ ǁŚĞŶ ǇŽƵ ĚĞŵŽůŝƐŚ ŝƚ͕ ǇŽƵ͛ůů ŬŶŽǁ ǁŚĂƚ͛Ɛ ŝŶ ŝƚ͘ SŽ ƚŚat is a massive thing in 

our sector. (Int. 7 - trade association) 

Interviewee 7 had a strong focus on EPDs, and this comment about BIM providing data for end-of-life 

disposal is clearly important when the changes to a building over time could be very considerable, and 

the length of time before demolition could be very long. For the industry to take end-of-life disposal 

seriously, an accurate and not time-limited source of information is needed. 

Interviewee 2 also saw BIM as providing the opportunity to achieve better integration of supply chains 

from a data management point of view.   Interviewee 6 noted that BIM can only be as good and as 

complete in its coverage as the consistency of updates to information and the resources allocated to 

storing and analysing data. This is a particular constraint amongst smaller construction firms who may 

opt out of delivering new build projects or public sector projects to avoid engaging with BIM.  

Off-site and modular construction were mentioned repeatedly by Interviewee 2, whose whole 

business model uses the principles of off-site construction to change how renovation work is done.  

Off-site solutions move some of the technical installation expertise away from the construction site 

offering benefits in terms of cost reduction through lean manufacturing techniques and quality 

assurance. However, experience on early projects suggest that the interface between off-site and on-

site activity is crucially important: 

surveying [is] a major area where the quality of expertise that was available kind of came up 

ƐŚŽƌƚ ďĞĐĂƵƐĞ ǇŽƵ ŶĞĞĚ ĞǆƚƌĞŵĞůǇ ĂĐĐƵƌĂƚĞ ƐƵƌǀĞǇƐ ƚŽ ďĞ ĚŽŶĞ ǁŚĞŶ ǇŽƵ͛ƌĞ ďƵŝůĚŝŶŐ ŝƚ ŽĨĨ-site 
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͙ IĨ Ă ǁŝŶĚŽǁ ŝƐ Ă ĨĞǁ ŵŝůůŝŵĞƚƌĞƐ ŽƵƚ͕ ƚŚĞŶ ŝƚ ŶĞĞĚƐ ͙ ŵŽƌĞ Žƌ ůĞƐƐ ƐƚĂƌƚŝŶŐ ĂŐĂŝŶ͘ (Int. 2 - 

off-site/pre-fabrication firm) 

The Internet of Things also has disruptive potential in the retrofit value network, with smart meters 

playing an integral role in providing information and transforming relationships, leading to new and 

different types of service and market opportunity: 

ƚŚĞ ĚŝŐŝƚĂůŝƐĂƚŝŽŶ ŽĨ ĞǀĞƌǇƚŚŝŶŐ ǁĞ ĚŽ ŝƐ ƚŚĞ ŵĞŐĂ ƚƌĞŶĚ ƚŚĂƚ ǁĞ͛ƌĞ ƐĞĞŝŶŐ͘ ͙ TŚĞ ĐŽŶŶĞĐƚŝǀŝƚǇ 
of that technology opens up all sorts of opportunities in terms of allowing people to engage 

with their products in a much richer fashion potentially. (Int. 11 - manufacture and 

distribution) 

Interviewee 8 highlighted the potential for more integrated business models with the disruption that 

͚ƐŵĂƌƚ͛ ƚĞĐŚŶŽůŽŐǇ ŵŝŐŚƚ ďƌŝŶŐ͗ 

You currently have a supply chain that is dominated by the small contractor over the big 

producer. ͙ As soon as those boilers are connected to the internet, then you have the capacity 

ƚŽ ĚŽ ƌĞŵŽƚĞ ƐĞŶƐŝŶŐ ͙ ĂŶĚ ǁŚŽ ĨŝŶĚƐ ŽƵƚ ƚŚĂƚ ƚŚĞƌĞ ŝƐ Ă ĨĂƵůƚ͍ Iƚ ǁŝůů ďĞ ƚŚĞ ĐŽŵƉĂŶǇ ƚŚĂƚ 
ƉƌŽǀŝĚĞ ƚŚĞ ďŽŝůĞƌ ͙ Ăƚ ǁŚŝĐŚ ƉŽŝŶƚ ƚŚĞǇ ǁŝůů ĐĂůů ƚŚĞ ŚŽŵĞŽǁŶĞƌ ĂŶĚ ƐĂǇ ͙ ǁĞ ŶĞĞĚ ƚŽ ƐĞŶĚ 
someone out.  (Int. 8 - manufacture and distribution) 

TŚĞ ŶŽǀĞůƚǇ ĨƌŽŵ ƚŚĞ ŵĂŶƵĨĂĐƚƵƌĞƌ͛Ɛ ƉĞƌƐƉĞĐƚŝǀĞ ŝƐ ƚŚĂƚ ƚŚĞǇ ĐŽƵůĚ ŝŶ ƚŚĞŽƌǇ ďĞ ƚŚĞ ĨŝƌƐƚ ƚŽ ŬŶŽǁ ĂďŽƵƚ 
a fault, and therefore perhaps more influential in the decision-making process of end-users. The 

remote sensing is potentially valuable to the manufacturer because it could disrupt the existing value 

network. 

While the impact of the internet of things may be felt in areas like boiler servicing (an appliance with 

a power supply and electronics built in), it is unclear how it could relate to the performance of the 

building fabric without some other innovative product(s) or service(s) as well.   

Taken as a whole, interviewees showed interest in technical innovation, paying attention to innovation 

in business models and services. However, the technological innovations discussed in interviews are 

at best only partial solutions and not yet at a stage to inform and shape retrofit practices in more 

holistic and systematic ways. Unaddressed issues include quality assurance among 

installers/surveyors and the monitoring of how demand for energy is reduced (or not) by physical 

changes to the building fabric (e.g. insulation), rather than changes to heating technology. 

4.5 MĂŶƵĨĂĐƚƵƌĞƌƐ͛ ĞŶŐĂŐĞŵĞŶƚ ǁŝƚŚ ŝŶƐƚĂůůĞƌƐ 

One group who seem to receive concerted attention from manufacturers are the installers of 

technology ʹ builders, heating engineers etc. This is because the installers are seen as very influential 

over equipment specification, but also rather hard to control or influence because of the widespread 

prevalence of sub-contracting: 

ǁĞ ĚŽ ƚŽŶƐ ŽĨ ƌĞƐĞĂƌĐŚ ŽŶ ƚŚŝƐ ͘͘͘ ƐŽŵĞƚŚŝŶŐ ůŝŬĞ Ɛŝǆ ƚŝŵĞƐ ŽƵƚ ŽĨ ƚĞŶ͕ ŝƚ͛Ɛ ƚŚĞ ŝŶƐƚĂůůĞƌ ǁŚŽ ǁŝůů 
be informing the homeowner what he should be having. (Int. 1 - manufacture and distribution) 

Two interviewees had systems in place to train and accredit installers in one form or another, 

indicating a desire to shape the parts of the value network they can reach. One was a boiler 
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manufacturer who invested heavily in training for installers ʹ both on their own premises and in 

support of colleges up and down the country.  The other manufacturer with an installer scheme sells 

a range of branded landscaping and construction products, and their installer scheme is designed to 

improve the skills of the installer, give the manufacturer enough reassurance to be able to offer a 

consumer guarantee, and also to protect the product brand.   

The boiler installation training was also coupled with a loyalty reward scheme for installers, and the 

means to help those installers win more work through marketing activities such as TV advertising and 

ďƵŝůĚŝŶŐ ďƌĂŶĚ ĂǁĂƌĞŶĞƐƐ͕ ĂƐ ǁĞůů ĂƐ ƉƌŽǀŝĚŝŶŐ Ă ĚĞĚŝĐĂƚĞĚ ĂƌĞĂ ŽŶ ƚŚĞ ŵĂŶƵĨĂĐƚƵƌĞƌ͛Ɛ ǁĞďƐŝƚĞ͘ Aůů ŽĨ 
this effort is intended to instil brand loyalty among the installers as well as skills and know-how: 

OƌŝŐŝŶĂůůǇ͕ ƚŚĞǇ ǁĞƌĞ ũƵƐƚ ƉƌŽĚƵĐƚ ƌĞůĂƚĞĚ ĐŽƵƌƐĞƐ ͙ TŚĞŶ ǁĞ ŵŽǀĞĚ ŽŶƚŽ ͙ ďƌŝŶŐŝŶŐ ŝŶ 
ƚƌĂŝŶĞƌƐ ƚŽ ĂĚǀŝƐĞ ƚŚĞŵ ŽŶ ƚĂǆ͕ ŽŶ ůĞŐĂůŝƚŝĞƐ ͙ ŵĂƌŬĞƚŝŶŐ ͙͘ SŽ ǁĞ ďĞĐĂŵĞ ͙ Ă sort of one 

ƐƚŽƉ ƐŚŽƉ ĨŽƌ Ăůů ƚŚĞ ŝŶƐƚĂůůĞƌƐ͛ ƚƌĂŝŶŝŶŐ ŶĞĞĚƐ ĂŶĚ ĞǀĞŶ ŵŽƌĞ͕ Ă ƉĂƌƚŶĞƌ ƚŚĞǇ ĐŽƵůĚŶ͛ƚ ƌĞĂůůǇ ĚŽ 
without. (Int. 1 - manufacture and distribution) 

Interviewee 3 stood out as the only one with a well-established process that integrated manufacture, 

site survey, and installation. This window company only sold windows that they also fitted, and did 

not supply windows to outside contractors or the DIY market. Similarly, their policy was to fit only 

their own windows, not those supplied from elsewhere. 

In summary, product manufacturers are very aware of the need for quality assurance. Engagement 

and training of installers is common, informed by a general assessment that installers are influential 

over product selection and installation quality, but that there are few direct ways for a manufacturer 

to control either. Only the window company (Interviewee 3) had found a way to integrate the value 

network to any great extent. Interviewee 2 (the firm pursuing off-site manufacture as an innovative 

solution to retrofit) was developing a similar model for the more complex task of whole-house retrofit, 

but the accuracy and completeness of surveys was proving a weak link between the on-site and off-

site stages of the work. 

4.6 Policy 

Our interviewees made a number of points relating to policy ʹ how they seek to influence it, and what 

makes effective policy design in their view. TŚĞ ͚ƵƉǁĂƌĚƐ͛ ůŝŶŬ ƚŽ ƉŽůŝĐǇ ĂŵŽŶŐ ƚŚĞƐĞ ŵŝĚĚůĞ ĂĐƚŽƌƐ ŝƐ 
a recurring theme.  Membership of trade bodies is important in order to gain access to policy-makers, 

and to help shape technical standards: 

The European Heating Industry, the EHI, is the trade association which the Commission wish 

ƚŽ ĚĞĂů ǁŝƚŚ͙͘ IĨ ǁĞ ǁĞƌĞ ƚƌǇŝŶŐ ƚŽ ĚŽ ŝƚ ŽŶ ŽƵƌ ŽǁŶ͕ ŝƚ ǁŽƵůĚŶ͛ƚ ŐĞƚ ƚŚĞ ĚŽŽƌ ŽƉĞŶĞĚ ƚŽ ƵƐ. 

It has to be through that. (Int. 1 - manufacture and distribution) 

Energy efficiency policy design has prioritised quantity of installations over quality, with a lack of 

compliance checks having the effect of incentivising sloppy practice: 

ultimately the KPI for an [insulation] installer, as dictated by the policy environment, is can I 

fill four cavities a day? ͙ you deliver your theoretical tonne of carbon and if poor practice 

ŝƐŶ͛ƚ ƉŝĐŬĞĚ ƵƉ͕ ŝƚ͛Ɛ ƌĞǁĂƌĚĞĚ (Int. 8 - manufacture and distribution) 
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This same interviewee identified a set of inherently messy characteristics in making physical changes 

to the building fabric: 

ŐŽŽĚ ƌƵůĞƐ ǁŽŶ͛ƚ ĐŽŵĞ ŝŶƚŽ ƚŚĞ ďƵŝůĚŝŶŐ ĨĂďƌŝĐ ďĞĐĂƵƐĞ ŝƚ ŝƐ ĚŝƌƚǇ͕ ŝƚ ŝƐ ŵĞƐƐǇ͕ ŝƚ ŝƐ ƵŶŐŽǀĞƌŶĞĚ͕ 
it is in one way higŚůǇ ƌĞŐƵůĂƚĞĚ ŝŶ ƚŚĂƚ ǇŽƵ͛ǀĞ ŐŽƚ Ă ůŽƚ ŽĨ ďŽǆ ƚŝĐŬŝŶŐ͕ ďƵƚ ƵƚƚĞƌůǇ ƵŶƌĞŐƵůĂƚĞĚ 
in terms of output or performance. (Int. 8 - manufacture and distribution) 

The failure of the Green Deal was mentioned by several interviewees, including Interviewee 4, whose 

company had diversified from being merchants into service delivery on the basis of their assessment 

of how the policy could affect their business.  The ultimate failure of the Green Deal had led 

IŶƚĞƌǀŝĞǁĞĞ ϰ͛Ɛ Ĩŝƌŵ to a retrenchment towards more familiar and core business activities: 

ĂĐƚƵĂůůǇ ƚŚĂƚ ǁĂƐ ƚŽŽ ŚĂƌĚ ĨŽƌ ƵƐ ͙ ǁŚĂƚ ǁĞ͛ƌĞ ŐŽŽĚ Ăƚ͕ ŝƐ ďƵǇŝŶŐ ŝŶ ďƵůŬ͕ ďƌĞĂŬŝŶŐ ŝƚ͕ ƐƚŽƌŝŶŐ 
ŝƚ͕ ƉƌŽǀŝĚŝŶŐ ĐƌĞĚŝƚ ĨŽƌ ƉĞŽƉůĞ ĂŶĚ ŵŽǀŝŶŐ ŝƚ ĂďŽƵƚ͘ ͙ SŽ I ƚŚŝŶŬ ƚŚĞƌĞ ǁŽƵůĚ ďĞ Ă ůŽƚ ŽĨ 
reservation to go into anything new now. (Int. 4 - wholesale merchant) 

On future policy development several interviewees mentioned the importance of standards 

announced in advance, in order to give industry the time and confidence to invest in order to respond: 

ƐĂǇ͕ ŝŶ ĨŝǀĞ ǇĞĂƌƐ͛ ƚŝŵĞ͕ ĞǀĞƌǇƚhing you do to a building, there will be consequential 

ŝŵƉƌŽǀĞŵĞŶƚƐ ƵƉ ƚŽ EŶĞƌPŚŝƚ ƐƚĂŶĚĂƌĚ Žƌ ƐŽŵĞƚŚŝŶŐ ůŝŬĞ ƚŚĂƚ͘ ͙ TŚĞƌĞ ǁŽƵůĚ ďĞ Ă ůŽŶŐ-term 

plan and the industry could come up (Int. 5 - supplier/installer) 

The Code for Sustainable Homes ʹ now scrapped ʹ had a similar effect, even though it was only 

mandatory for publicly-funded projects (and voluntary for private development).  The introduction of 

Home Information Packs (since abandoned) was identified by Interviewee 3 as a mechanism by which 

accreditation and an audit trail of interventions could have been used to differentiate different levels 

of quality and risk in the market: 

you were going to have a house that had been done properly [with] all the paperwork and a 

house that had been done on a DIY basis. So I think you could have made your decision then 

which you wanted. We certainly could have charged a premium for the product. (Int. 3 - 

manufacturer/installer) 

Interviewee 7 offered perhaps the bleakest assessment of government policy, based on recent history 

ŽĨ ŝŶŝƚŝĂƚŝǀĞƐ ƚŚĂƚ ĞŝƚŚĞƌ ĚŝĚŶ͛ƚ ǁŽƌŬ Žƌ ŚĂǀĞ ďĞĞŶ ĂďĂŶĚŽŶĞĚ͗ 

PĞŽƉůĞ ũƵƐƚ ĚŽŶ͛ƚ ďŽƚŚĞƌ ƚŽ ƉĂǇ ĂŶǇ ĂƚƚĞŶƚŝŽŶ ĂŶǇŵŽƌĞ ƚŽ GŽǀĞƌŶŵĞŶƚ ƉŽůŝĐŝĞƐ ĂŶĚ ŝŶŝƚŝĂƚŝǀĞƐ 
ďĞĐĂƵƐĞ ƚŚĞǇ͛ƌĞ ŚĞƌĞ ƚŽĚĂǇ ĂŶĚ ŐŽŶĞ ƚŽŵŽƌƌŽǁ͘ (Int. 7 - trade association) 

Interviewees identified minimum standards as important policy instruments. The detail of 

ŝŵƉůĞŵĞŶƚĂƚŝŽŶ ŝƐ ĐůĞĂƌůǇ ŝŵƉŽƌƚĂŶƚ ƚŽ ŐĞƚ ƌŝŐŚƚ͕ ďƵƚ ƚŚĞ ĂĐƚŽƌƐ ŝŶ ƚŚĞ ͚ŵŝĚĚůĞ͛ ĐŝƚĞ ƚŚĞ ŶĞĞĚ ĨŽƌ ƚŽƉ-

down standard-setting to frame the industry response. Several former policy initiatives were 

mentioned, reinforcing the observation that government policy for retrofit has not been consistent 

or successful in recent times. 

 Discussion 

The firms interviewed seem very aware of their position in a complex network of provision for goods 

and services.  The supply chain is not governed by one organisation in pursuit of one aim, but is instead 
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a complex and ever-changing network of firms working to imperfectly overlapping objectives, many 

of which are not made explicit. TŚĞ ͚ŵŝĚĚůĞ ŽƵƚ͛ ĐŽŶŶĞĐƚŝŽŶƐ ƚŽ ŽƚŚĞƌ ĨŝƌŵƐ ŝŶ ƚŚĞ ǀĂůƵĞ ŶĞƚǁŽƌŬ ĂƌĞ 
numerous and varied ('upwards', 'sideways', and 'downwards'). The influence of contractors/installers 

in shaping final specifications and purchasing decisions on projects was acknowledged, and had led to 

some quite sophisticated strategies among manufacturers for engaging with those groups. 

Accreditation, training and even a loyalty scheme were found as means by which manufacturers 

sought to influence installers. There were several reasons: a bid to instil brand loyalty in the installers, 

and thereby increase product sales over competitors͖ Ă ĚĞƐŝƌĞ ƚŽ ƉƌŽƚĞĐƚ ƚŚĞ ŵĂŶƵĨĂĐƚƵƌĞƌ͛Ɛ ďƌĂŶĚ ďǇ 
improving the understanding and skills of installers; and as one means among many of managing the 

risk of high-profile product failures or horror stories in the media.  

This leads to the conclusion that this value network has two kinds of customer ʹ end-users and 

installers. The fact that sales can be to either of these groups makes the value network that much 

more complex. As purchasers of construction products themselves, installers are customers for 

merchants and manufacturers; but they are also supply chain partners to merchants and 

manufacturers through their engagement with end-users. TŚĞ ŝŶƐƚĂůůĞƌƐ͛ role is a mix of bottom-up 

and middle-out relationships with the rest of the value network. Installers are also privileged in 

relation to influencing end-use customers, which means that other middle actors see installers as the 

best (indirect) means to exert influence downwards.  

In this value network, sideways relationships are diverse. They may be purely transactional at times, 

but at other times may involve actions to manage risk, enhance reputation, create or maintain 

strategic and long-term relationships. The full range of observed links and activities across all 11 

interviewees is summarised in Figure 3. 

[INSERT FIG 3] 

Figure 3: Network relationships and activities recorded across 11 interviewees 

Not all interviewees shared all these characteristics (e.g. only one interviewee was engaged in building 

performance research) so the figure should be seen as a map of observed network possibilities, not a 

characterisation of typical or statistically significant data. 

The operational impacts of buildings are remote from the control of manufacturers and merchants 

working in high-volume, mainstream markets. MĂŶƵĨĂĐƚƵƌĞƌƐ͛ ĂŶĚ ŵĞƌĐŚĂŶƚƐ͛ influence on end-users 

is generally indirect via installers. In contrast, building performance is much more likely to be a concern 

for merchants, manufacturers and clients ŝŶ ŶŝĐŚĞ ͚ ŐƌĞĞŶ͛ ŵĂƌŬĞƚƐ. Here, the middle actors have direct 

influence downwards, based on demonstrating their expertise and experience to clients. This then 

provides them with the means to innovate at project level (because they have clients who are keen to 

be innovative) and, at firm level, they maintain a flow of work by being very active in communication, 

education and marketing. When middle actors and end-users share a value-driven commitment to 

reducing building environmental impacts of all kinds, the relationships can take on the quality of 

friendship. However, the scale of activity among the green businesses is a long way from being 

sufficient to meet policy goals.  

Two interviewees described using factory-built building elements in the practice of their business ʹ a 

firm making and installing windows (Int. 3 - manufacturer/installer) and a firm offering integrated 

energy renovation using pre-fabricated elements (e.g. cladding systems) delivered and fitted to an 
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existing home (Int. 2 - off-site/pre-fabrication firm). In both cases, the firm had control of the 

manufacturing and fitting process, and the success of the process depended on the accuracy of surveys 

to measure the pre-existing building. In the case of the windows, the surveying task was managed 

routinely as part of the service offered: the window is deliberately made smaller than the window 

aperture, and the gap between window and aperture is packed on-site. However, for the whole-house 

retrofit service, problems had been encountered with surveys not being detailed or accurate enough. 

Adapting the building to fit the factory-made element is a strategy that can work for windows, but not 

for a whole building. This point echoes the characterisation of construction as a complex product 

system, in which small changes in one element can have large knock-on effects elsewhere. 

Manufacturers sometimes play a significant role in training. Manufacturers know about the specific 

design logic and technical characteristics of their own products, so installers attending such training 

courses should have access to some of the best product-specific information. Manufacturers also seek 

to reduce the risk of damage to their brand by having knowledgeable installers.  However, not all 

industry training is like this. The interest that manufacturers have in influencing product specifiers can 

lead to the situation where professional bodies, administering CPD programmes, charge fees to 

commercial trainers in return for granting access to members. The result can be that the training is 

just a sales pitch, which specifiers attend in order to gain CPD credits, and which manufacturers 

contribute to in order to publicise their wares. The technical content or theoretical principles in such 

courses may be sketchy or non-existent. 

The innovations of BIM and off-site construction have the potential to radically alter some 

construction processes.  However, neither explicitly addresses the need for quality assurance and new 

skills elsewhere in the value network in order for the innovations to be effective over the long term. 

BIM creates a new focus for process management, but it can only reach its potential if the 

completeness of data and quality of data analysis are both high. Off-site construction seeks to provide 

greater control over product quality, but that needs to be matched with improved quality for 

surveying, i.e. at the interface between off-site and on-site phases of construction. Neither BIM nor 

off-site construction can ever be more than a partial solution for retrofit. 

The evidence from our interviews suggests a need to reassess VƌŝĞũŚŽĞĨ ĂŶĚ KŽƐŬĞůĂ͛Ɛ (2000) 

typology of roles. Several additional roles can be identified, of which we highlight just two (Figure 4). 

FŝƌƐƚůǇ͕ ƚŚĞ ĐŽŶǀĞŶƚŝŽŶĂů ƐĞƉĂƌĂƚŝŽŶ ďĞƚǁĞĞŶ ͚ƐƵƉƉůǇ ĐŚĂŝŶ͛ ĂŶĚ ͚ŽŶ-ƐŝƚĞ ĐŽŶƐƚƌƵĐƚŝŽŶ͛ is not 

supported by the evidence we found of merchants and manufacturers engaging with installers, 

precisely because of their influence over product specification and sales. For this reason, we suggest 

that the firms working on construction sites should be viewed as an integral part of the construction 

value network (new role 5). The second point relates to the evidence found of merchants and 

manufacturers taking an interest in end-of-life disposal of products. It is not a universal concern, but 

there seems to be enough evidence here to suggest that end-of-life disposal should be included 

(new role 6). Figure 4 is not intended to be read as definitive; rather, it illustrates the point that the 

value network has greater complexity than Vriejhof and Koskela originally proposed. Other roles 

discussed by interviewees could be added (eg credit finance; training/CPD), and it seems entirely 

plausible that further research could find others.  

[INSERT FIG 4] 
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Figure 4: Revised supply chain roles showing installers and end-of-life disposal (adapted from Vriejhoef and Koskela 

2000) 

6. Conclusions 

The challenge of reducing energy consumption in existing buildings remains a major problem.  The 

influence of installers and on-site builders over detailed specification and choice of materials had been 

identified in previous research, and that is corroborated here. This research shows how merchants 

and manufacturers are conscious of their remote relationship with end-users of buildings; design and 

construction firms typically play an intermediary role. For merchants and manufacturers the sideways 

influence to designers and installers is important. MĂŶƵĨĂĐƚƵƌĞƌƐ͛ ĂĐĐƌĞĚŝƚĂƚŝŽŶ ƐĐŚĞŵĞƐ ĐĂŶ ďĞ ƐĞĞŶ 
as one way in which influence is sought over installers. Training and advice services are also used as 

ways to inform and influence both designers and installers.    

While they are aware of the importance of in-use emissions from buildings, merchants and 

manufacturers were generally more interested in ʹ and willing to take some responsibility for ʹ 

impacts during processing, manufacture, distribution and end-of-life disposal. Most interviewees 

viewed the operational phase of the building life-cycle as too far removed from their control and 

therefore outside their remit of responsibility. The notable exceptions to this general observation 

were firms serving a client base of self- and custom-builders, where the performance outcomes are 

higher priority to the client, and where supplier-client relationships are personal and time-intensive.  

Despite the exploratory nature of this work and the small number of informants, the study shows how 

the value network for retrofit is complex and fragmented. Influences can be found upwards (to policy), 

sideways (across the value network), and downwards (to end-users). Installers can be simultaneously 

members of the value network, purchasers/specifiers of products, and influencers over consumer 

decisions. 

If retrofit is to remain a policy goal, detailed policy design needs to engage much more fully with the 

reality of how the sector works as a complex systems industry. Technological innovations may help 

but they will be insufficient on their own; mechanisms are needed to embed technical innovations in 

industry practice at both project- and network-level. Where previous policy for housing energy 

efficiency has focused on individual technical measures and cost, there has been little or no 

recognition of the complexity of retrofit as a task, nor of the value network required to deliver it. 

Systemic change is likely to involve changes to industry practice (eg new business models, better 

technical education). The new task for policy is finding ways to frame industry investment and 

development towards much greater care for outcomes of the building process, not just inputs. 

It is unclear whether or how responsibility for real-life building energy performance can be assigned 

to the value network in a way that will last. Interviewees themselves identified a need for better 

technical understanding (leading to better-informed on-site decisions), and also a mainstream 

feedback mechanism by which firms could be held to account for quality assurance.  

In the face of such complexity and uncertainty, any proposal for policy change seems unlikely to be 

right or complete at the first attempt. One option, therefore, could be to run a series of large-scale 

field trials, in which projects are carried out and building performance is monitored and related back 

to the events and decisions made during the design, implementation and operational phases. The goal 

would be to identify robust and repeatable processes that could be adopted by the whole value 
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network, and by which low-carbon building performance could be achieved with minimal risk. Other 

relevant issues (eg costs, design standards, market opportunities, technical innovations, consumer 

perspectives) would need to be included and properly integrated. Some compromise will probably be 

needed between multiple parameters. For such an approach to work, an iterative, coordinated 

programme of quantitative and qualitative research is needed, engaging with industry actors and 

learning from early projects before setting new parameters for further experimentation. Monitoring 

and evaluation would be needed across the design, installation and operational phases of projects, 

with feedback between the phases and between different actors; additionally, deliberative research 

would be needed in order to focus on the mechanisms by which firms might embed new practices so 

that they endure at network-level. 
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