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Abstract 

 
 
Having arguably led the world in the transition to a high carbon economy, much of Wales 

today is economically and socially deprived. Even so, a devolved Welsh Government has 

set ambitious targets to reduce carbon emissions in the devolved areas, while creating 

employment and economic opportunities, reducing fuel poverty, thereby helping to solve 

Wales’ entrenched social and economic problems. A low carbon transition in the built 

environment is critical to achieve such targets.  

 

This PhD study aims to provide theoretically informed and empirically grounded insights 

into the development of low carbon building technologies in Wales through examining 

how the functions of the innovation systems of two selected emerging technologies i.e. 

‘Welsh grown timber for construction’ (WTC) and ‘building integrated solar energy 

systems’ (BISE) have been fulfilled. Having first established a bespoke analytical framework, 

the functional patterns of the two technological innovation systems (TIS) are documented, 

assessed and compared. The study further explores how the functional analyses may offer 

a bottom-up perspective on the policy implications for regional governance in Wales, 

which might alter the functional patterns, and improve the innovation capability of relevant 

Welsh organisations.  

 

The functional analyses of the WTC and BISE TIS shows that, although both TISs have 

reached their formative phases in Wales, there is no guarantee that either system will 

eventually move onto the phase of market diffusion, due to the inherent system 

weaknesses and uncertainties likely arising in technology, policy-making, and market. 

Whereas regional governance in Wales can introduce policy interventions, they matter 

only when breakouts from certain forms of institutional ‘path-dependence’ are induced. In 

this respect, the thesis concludes by discussing four streams of policy-thinking that may 

instigate different pathways in Wales, namely: technology foresight; the regulation-induced 

innovation hypothesis; demand-oriented policy measures; and, support for small business 

innovations through, e.g. R&D consortia. 
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!

Raw materials suppliers: 
Precious metals; Iron, 
Copper, Aluminium, etc. 
 
 
!

Technical, Advisory 
Services: 
Building engineers, 
Architects / Designers 
Testing organisations 
Utility companies 
 
 
 

Materials and 
component suppliers: 
Glass, Steel, Plastics; 
Semiconductors, Optics,  
Chemicals, Coating, 
Painting, 
Laser processing,  
Automation process, 
Micro-eletronics, 
Mechanical and 
engineering 
 

Machinery and 
equipment suppliers 

Software developers 

 

Manufacturers of: 
Solar cells, 

Wafers 

Modules (BIPV, CPV, 
TSC, etc.) 

Balance of Systems 
(solar storage, inverter, 
power control tools, 
cable and connectors) 

 

System monitoring and 
service providers 

System Designers 

Down-stream clients: 
Building industry, 
Commercial /industrial 
sectors 
Public sectors 
Building owners  
End-users 

Solar system merchants  
Installers 
 
 

Recycling and 
recovering service 

providers: 
 

Labour Pool 

New entrants; 
Management, sales 
Engineers, Skilled 
workers; 
Entrepreneurs 
 

Sources of Skills, knowledge and Technology 
Welsh and non Welsh Universities;  
IKC (SPECIFIC); Inter industries-universities research 
centre (SBEC); 
Trade associations, Industry certifications;  
Equipment producers, etc. 
Vocational Schools / colleges   

European Commission 

The UK Government 

Welsh Government 

Figure 6.5: The formative phase of the network map of interactions between actors in the 
BISE TIS in Wales 

[The actors in grey colour indicate that they have not emerged yet; the darker the blue colour 
of the box (or the links), the better those actor groups (or links) have performed to date.] 
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Chapter 7. Discussion and Conclusion 
 
 

 “I suppose it is tempting, if the only tool you have is a hammer, to treat everything as 
if it were a nail.” (Maslow, 1966: 15) 

 
 
In the previous chapters, I have focused on addressing the first half of the research goal of 

this PhD study, i.e. developing theoretically informed and empirically grounded insights into 

the development of low carbon building technologies in Wales through examining how the 

functions of the innovation systems of two selected emerging technologies i.e. ‘Welsh 

grown timber for construction’ (WTC) and ‘building integrated solar energy systems’ 

(BISE) have been fulfilled. In this chapter, I will go on to address the second half of the 

research goal, i.e. discuss how the findings of the function analyses can offer a bottom-up 

perspective on how the regional governance in Wales can help to alter the functional 

pattern so the two TIS may reach the phase of market growth. In other words, Research 

Questions Three and Four that is outlined below are addressed here.  This is followed by 

a conclusion to this PhD thesis.  

Q3: What does the comparative study of functional patterns of the WTC and BISE TISs 

tell about the relevant innovation capability in Wales?  

Q4:  Subsequently, what are the policy implications for regional governance in Wales in 

terms of altering the functional patterns and improving the innovation capability of 

relevant Welsh organisations?  

 

This chapter consists of three sections. In section 1, the function patterns of the WTC and 

BISE TIS are further investigated in a comparative manner, and the intention is that, 

through exploring the ‘similarities’ and ‘differences’ arisen, some ‘system weaknesses’ and 

‘system strengths’ can be generalised in relation to the relevant innovation capability in 

Wales (addressing Q3). This subsequently leads to the object of Section 2, i.e. to postulate, 

from a bottom-up perspective, possible policy measures at the regional level that may help 

to alter the function patterns, and lead the two emerging technological systems to a 

‘market growth’ phase respectively, while also improving the innovation capability of 

relevant Welsh organisations (addressing Q4). In section 3, I draw conclusions to this PhD 

study, which includes an evaluation of the contribution of this PhD study, and suggestions 

for future research. 
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7.1 Assessing the functional patterns  

Rather than simply reiterating the function analyses that were carried out in Chapter 6, a 

comparison of the similar and different functional patterns emerging from the WTC and 

BISE TIS is outlined in Table 7.1. By exploring the similarities and differences that have 

arisen, it is expected that a variety of the ‘system strengths’ and ‘system weaknesses’ 

would be identified, with respect to the development of low carbon building technologies 

in Wales. This subsequently helps to build a better understanding of the relevant 

innovation capability in Wales.  

 

As discussed in Section 3.4.2, Chapter 3, the comparison is functions-based, i.e. for each of 

the seven functions of the innovation system, similar and different patterns are assessed, 

on the basis of the way in which and the extent to which each function has been carried 

out in the WTC and BISE TIS respectively. Meanwhile, the similar and different functional 

patterns are drawn mostly in line with the performance indicators proposed for the IS 

functions assessment, as listed in Table 6.1; in other words, the similar and different 

patterns drawn largely reflect the way in which these performance indicators have been 

fulfilled respectively in the two systems, derived mainly from the function analyses carried 

out in Chapter 6.  

 

As follows, a comparison of the functional patterns of the WTC and BISE TIS are provided 

in Table 7.1.  
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Table 7.1:  A comparison of the functional patterns of the WTC and BISE (in Wales) TIS 

  
Functions Similarities Differences 

Knowledge Dev. 
& Diffusion 

§ The R&D has been primarily financed by public funding. 

§ The R&D has largely built on ‘imported’ technologies or 
knowledge, and focused on the application-specific knowledge, and 
manufacturing processes, etc. 

§ There is the presence of formal and informal knowledge networks 
or partnerships in both systems, involving a range of actors e.g. 
universities, manufacturers (or wood processors), architects, 
building engineers, government agency, industry-led voluntary 
bodies and local councils, which saw inter-firm and inter-
organisation (university) collaboration on specific projects. 

§ Demonstration projects are used for the purpose of both 
knowledge diffusion and marketing. 

§ Non-Welsh research institutes have been actively engaged in the 
R&D activities. 

§ No patent has been filed within the WTC TIS, whereas around 20 
patents have been registered by the Welsh actors in the field of 
solar technology; 

§ Intermediary organisations i.e. Coed Cymru and the WFBP played 
an integral role in facilitating R&D in the WTC TIS, whereas 
industrial actors are essentially steering the R&D agenda and 
direction of BISE TIS in Wale; 

§ In the WTC TIS, there is a lack of coordination between similar 
research projects, while no dedicated research institutes or group 
specialises in the WTC, with very few full-time researchers 
employed by the Welsh actors, whereas,  

§ In the BISE TIS, research programmme are better jointed, as shown 
in Figure 6.3, and a considerable number of full-time researchers, 
engineers or PhD students are employed by both industrial actors 
and Welsh universities, largely due to a large amount of funding 
secured by the actors;  

§ The knowledge exchange mechanisms are more established and 
diversified in the BISE TIS, whereas in the WTC TIS the effort of 
knowledge diffusion seems to be fragmented and ineffective. 

Entrepreneurial 
Experimentation 

§ Most firms involved are existing businesses who sought to diversify 
into new market segments; 

§ There is a lack of new ‘start-ups’ in both systems; 

§ The number of firms involved in both systems is still limited. 

§ One or more new products (new to firms in a sense) have been 
introduced to market by Welsh firms.  

§ The commercialisation of the Ty Unnos only became possible after 
Elements Europe (EE, a Midland-based firm) took over, and 
subsequently formed an ‘open’ value chain involving several Welsh 
firms, while more may be included in the value chain if the housing 
market is picked up.    

§ The Welsh wood-based sector predominantly consists of small and 
micro-businesses who do not have required time and resources to 
innovate, whereas most of the Welsh firms involved in the BISE are 
large firms with the resources and necessary know-how to diversify 
into new market segments, while exerting considerable lobby 
power over WG.  
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Functions Similarities Differences 

Guidance of the 
Search 

§ Both TISs are largely driven by the global trend toward sustainable 
construction, and the growing need to meet the carbon reduction 
target in building required by building codes and regulations; 

§ However, at the current stage, both TISs are primarily influenced 
by the policies or regulations set at the UK and EU levels, despite 
the regulatory powers for both planning and building regulations 
having been devolved to WG; 

§ Moreover, some institutional changes or policy status quo by the 
WG have caused uncertainties for both TISs, whereas the new Part 
L of Building Regulations for Wales has set 8% carbon reduction 
target for domestic new builds, significantly lower than originally 
proposed, and has done little to stimulate the application of WTC 
and other low carbon building technologies in construction, to say 
the least.    

§ Affordability, or cost parity to conventional building materials is 
another driver for innovations in both TISs, although this can be 
achieved only after manufacturing scale-up becomes possible.   

§ Innovation (e.g. Ty Unnos) in the WTC TIS was also driven by the 
need to accommodate the low quality of Welsh grown timber, and 
the existing skill sets and production capacity of Welsh wood 
processors, therefore setting barriers for entry low. 

§ The BISE market remains policy-driven, e.g. FIT, RHI and Green 
Deal in the UK, whereas no such policy has been introduced for 
timber construction in the UK in general.  

§ “Turning buildings into power stations” has become a vision that 
unites key industrial and academic actors in the Welsh BISE TIS, 
whereas in the WTC TIS there is no such vision proposed either 
by the industry or the government.  

Market 
Formation 

§ Certain level of demand articulation has been formulated for the 
technologies of both TISs, e.g. Ty Unnos for the affordable housing 
market, and TSC for large commercial and industrial buildings.  

§ A number of building projects using e.g. Ty Unnos or TSC have 
been built in Wales, and England as well. However, both systems 
have been inhibited by the overall lack of demand in the UK 
construction sector since the onset of the recession, which led 
actors in both systems to view WG’s role to generate demand 
through its procurement or other policy measures. 

§ Actors of both TISs used demonstration projects to market the 
products. 

§ There are no specific policy incentives for the market uptake of 
both WTC and BISE technologies in the UK and Wales.    

§ Overall, BISE products remain a niche presence in the solar and 
building market, whereas market shares of timber construction in 
the UK and Wales have seen steady increases in recent years. 

§ As already a market leader in the off-site construction solution, the 
involvement of EE has seen a more strategically focused marketing 
approach for the Ty Unnos, which is different from the traditional 
practices of the Welsh firms, who tend to invest little in marketing, 
with hardly any strategy.  

§ The BISE producers face a different sort of marketing challenge: a 
policy-driven market that makes the usual marketing strategy 
somehow ineffective; no longer about selling physical building 
components, but energy generation capacity that leads to an 
entirely different proposition. To this end, demonstration projects 
are seen as the single most effective marketing tool for BISE. 
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Functions Similarities Differences 

Resource 
Mobilisation 

§ There is a general concern among the firms in both systems with 
regard to recruiting employees equipped with the right skill sets. 
Different measures have been adopted by the firms to meet their 
respective training needs e.g. apprenticeship (WTC), on-job 
training (both), and specifically designed under- and post- graduate 
programme at the Welsh universities (BISE). 

 

§ While both TISs offered CPD courses, in the BISE TIS these 
courses are more systemically setup and diverse than in the WTC 
TIS.  

§ At the higher educational level, in recent years a number of BSc, 
MRes and PhD degree programmes in the related subject fields 
have been set up in the BISE TIS, with industrial partners involved 
in course design, and are taught in Swansea and Glyndwr 
universities respectively. It is expected that these degree 
programmes may lead to the emerging of a talent pool in Wales in 
future. In contrast, the WTC TIS has no such specifically designed 
degree course in any Welsh universities. 

§ The long-term availability of Welsh grown timber is important for 
the WTC TIS, but the current wood management regime in Wales 
is unable to secure the sustainable supply of the required raw 
materials, due to inherent institutional and cultural setbacks in 
Wales, whereas in the BISE TIS the availability of raw materials 
poses a less challenging problem as the R&D works towards the 
use of earth-abundant materials.    

§ Even though governments at all levels remain main financial 
providers to Welsh businesses, the BISE actors have shown a 
better capability to attain funding to support R&D activities; on the 
other hand, when the WTC actors felt financial strains, they were 
also reluctant to borrow due to the lack of demand.    
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Functions Similarities Differences 

Legitimation 

§ The public acceptance of timber construction has steadily 
improved in UK, while solar technology remains the most 
approved renewable technology by the UK publics;   

§ However, the perceptions of both technologies among key actor 
groups (e.g. building practitioners and policy makers) require 
further changes, with respect to system quality and performance, 
and cost. 

§ There are varied lobbying efforts by the actors of both systems at 
regional level, but they often appear to be individual and 
fragmented. 

§ The inclusion of solar PV in the UK renewable energy mix and 
BIPV identified as one of the key market segments in the UK Solar 
PV strategy are a much-needed policy boost for the market 
development of the BISE technologies, but these changes have not 
affected WG’s position on solar energy, despite WG having 
invested considerably in the R&D of the BISE technologies.  

§ WG has shown a certain level of interest in timber construction. 
Meanwhile, the Ty Unnos has achieved some legitimation through 
winning a number of design and wood innovation related awards, 
and through display at high profile public events and trade shows. 
However EE and other WTC producers face a “chicken and egg” 
or “catch 22” dilemma: in order to compete with incumbent 
construction methods and materials, they need a ‘decent’ sized 
order to make the production running and cost effective; but 
before they can produce cost effectively they may never be able to 
land such a order. 

Dev. of Positive 
Externalities  

§ Both systems have seen inter-firm and inter-organisation 
(university) collaborations that have led to knowledge spill-overs 
between the partners; 

§ There are potentials for the emergence of pooled labour markets 
due to the industrial histories in their respective fields. 

§ A number of research programme (e.g. SPECIFIC and COATED) 
set up in the BISE TIS will foster a legion of highly qualified 
specialists in the functional coating in near future. 

§ Wales has seen the emergence of some specialised intermediate 
providers for the market deployment of solar energy in BISE TIS. 

§ None of the above aspects has emerged in the WTC TIS.  
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Derived from the findings in Table 7.1 and the materials in the preceding chapters, 

following propositions are made, with regard to the development of low carbon building 

technologies and the relevant innovation capability in Wales.  

 

As concluded in Section 6.3, Chapter 6, both TISs are seen to reach their formative phases, 

though to different extents, which nevertheless suggest that a certain degree of innovation 

capability81 has been established in Wales. This is characterised by the general presence of 

local knowledge networks or partnerships, formal or informal, which often involve a range 

of actors e.g. universities, manufacturers, architects, building engineers, governmental 

agencies, industry-led voluntary bodies, and local councils. Such inter-firm and inter-

organisation collaborations have unmistakably led to knowledge spill-overs, and some 

market-ready innovations e.g. the Ty Unnos Modular™, the Welsh Brettstapel, the New 

Welsh House, and the Colorcoat Renew SC®: integrated solar air heating solution.  

 

Welsh firms and organisations have also shown willingness to work with non-Welsh 

actors, mostly English firms, universities and organisations, while in some cases Scottish 

universities and overseas companies as well. This has allowed the Welsh actors to widen 

their knowledge bases, and compensate for system weaknesses, e.g. the involvement of 

Element Europe, the Midland based firm, has made the commercialisation of the Ty Unnos 

possible. On the other hand, the function analyses suggested that both technological 

systems have been built on ‘imported’ technologies or knowledge. In the WTC TIS, as 

timber engineering is a mature technological field at the global level, the Welsh actors have 

focused on assessing different ‘existing’ solutions, and subsequently adapted the imported 

technologies to accommodate local needs and conditions (or constraints), as shown in the 

development of the Ty Unnos. For the BISE TIS, the focus of knowledge development and 

diffusion has been applied R&D, engineering design and manufacturing processes, which are 

largely, although not entirely, built on the fundamental researches originally developed by 

actors based outside Wales.  

 

External sources of knowledge are widely considered to be critical to the innovation 

process. Cohen and Levinthal (1990) have gone so far as to call the ability to exploit 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
81 Dahlman et al. (1987) see ‘innovation capability’ as part of  ‘technological capability’, and define it as the 
ability to improve technology or to develop new products or services that better meet specific needs. In 
line with Dahlman et al.’s definition, I use the term here in the context of ‘innovation systems and the 
function approach’, and thus view it loosely as the ability of actors to generate, diffuse and utilise technology. 
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external knowledge a vital component of a firm’s ‘absorptive capacity’, whereas Freeman 

(1987b) has credited Japan’s approach to imported technology, (i.e. reverse engineering 

such that local firms took full charge of ‘unpacking’ imported technologies, which 

subsequently led to ‘systems’ thinking and total systems improvement), as an integral 

feature of its national innovation system, and one of the reasons propelling its post-war 

catching-up success. Nevertheless, the benefits of using ‘borrowed’ technologies and 

knowledge rely on firms’ capability to assess, assimilate and apply them in a way that can 

lead to creating new knowledge and innovations. To this end, it is this capability that has 

set the BISE TIS in Wales apart from the WTC TIS (at this stage, to say the least), which is 

reflected in the functions of both Knowledge Development and Diffusion and Entrepreneurial 

Experimentation. 

 

As suggested, Entrepreneurial Experimentation has grown to be the motor of innovation for 

the BISE TIS in Wales, despite the number of Welsh firms involved limited. However, due 

to the size and nature of these firms, as well as their presumed significance towards the 

Welsh or local economy, they are able to mobilise the necessary resources, lobby for 

government grants, and practically drive the agenda and direction of the search. In contrast, 

in the WTC TIS, the non-firm actors, e.g. universities and government agencies (e.g. Coed 

Cymru), have been responsible for assessing, assimilating and applying the ‘imported’ 

technologies and knowledge. This is not to say that Welsh firms within the wood based 

sectors do not possess such ability, rather that a lot of firms are confined by their sizes (as 

the sector predominantly consists of micro- and small enterprises) and do not have the 

required resources and also time to do so. After all, “the acquisition of innovation capability – 

like the act of innovation – comes from explicit allocation of money and people to solve 

technological problems” (Dahlman et al., 1987: 766), not to mention the risk involved as well. 

This gives rise to one of the challenges facing regional innovation governance in Wales, i.e. 

how to improve the innovation performance of small businesses. 

 

This concern over the innovation performance of small businesses is nothing new. In their 

report to the European Commission’s Directorate General for Enterprise and Industry, 

Thomas and Henderson (2011) single out a dearth of innovative and R&D performing 

SMEs in Wales as one of the main weaknesses in Wales’ regional innovation system. This is 

against the backdrop that 99.3% of the enterprises in Wales are SMEs, among which 94.6% 

are micro-enterprises employing less than 10 people, 3.8% are small businesses employing 
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up to 50 people, and 0.9% medium-size firms with up to 250 employees (Welsh 

Government, 2014c). These figures reflect the scale of the challenges, as well as the 

necessity to lift the innovation capability of small businesses, for the sake of the Welsh 

economy. As indicated, the development of the Ty Unnos system could serve as a model 

of innovation process involving small firms, but, as the analysis revealed, a more systematic 

approach is needed. This is because the development of innovation capability depends on 

long-term effort and evolution of both physical and social technologies. I will elaborate this 

further in Section 2. 

 

In terms of Guidance of the Search, the function analyses have suggested that the 

development of both technological fields is positively influenced by the global trends 

towards sustainable construction and carbon reduction in the built environment, and the 

growing need to meet building codes and regulations for low carbon and low energy 

buildings. However, at the regional level, some institutional changes or policy direction (or 

a lack of direction) undertaken by the WG have created some uncertainties for the 

development of the two systems; for instance, the creation of Natural Resources Wales, 

through the merger of Forestry Commission Wales, Countryside Council for Wales and 

Environment Agency Wales, has raised the concern that the commercial interest of the 

Welsh forestry sector might be undermined; WG’s arguably somewhat indifferent position 

on solar energy even after solar PV has been elevated to be one of the eight key 

renewable energy technologies by the UK government, whilst at the same time the WG 

itself has invested handsomely in the R&D of the technology.  

 

Furthermore, despite the emergence of a distinctive Welsh transitions narrative82 during 

the late 2000s (as depicted in Section 4.3.2, Chapter 4), this vision seems to, in recent 

years, have been lost in translation, which is particularly reflected in the development of 

the amendments to the Part L (Conservation of Fuel and Power) of the Building Regulations for 

Wales, and has caused a serious setback for the legitimation of the low carbon building 

technologies in general. As mentioned, since 31 December 2011, the responsibility for 

building regulations has been devolved to the WG. It took about two years for the WG to 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
82 Much of the Welsh transition narratives took shape during the previous administration. After the 2011 
Welsh election, both Rhodri Morgan (the then First Minister) and Jane Davidson (the then Minister for 
Environment and Sustainability) who was credited to champion the sustainability agenda in Wales, left office. 
Their departures have been linked to why the low carbon and sustainability agendas have a lower profile in 
the current administration. 
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release the new Part L for Wales in February 2014, with changes coming to force on 31 

July 2014. The new regulation requires all new domestic buildings to achieve a mere of 

eight per cent reduction of greenhouse gas emissions based on 2010 level, which is 

significantly lower than the 40% originally consulted upon. While some saw it as a sensible 

and proportionate response to the current tough economic situation (Chapman, 2013), or 

a small step in the right direction (Davies, 2013), the outcome nevertheless dealt a major 

blow to WG’s credibility on sustainability (its statutory duty). Friends of the Earth Cymru 

(2012) states that WG is, in effect, transferring and magnifying the financial outlay from 

developers to future householders, which is in contravention to the basic tenets of 

sustainable development. This 8% reduction target sets to be an interim step, because of 

Wales’ statutory obligation to conform to EU directives, i.e. the European Energy 

Performance of Building Directive on Nearly Zero-energy Buildings (Directive 2010/31/EU, 

in this instance); that requires all new buildings to be virtually carbon neutral by 1 January 

2021 (all new public buildings to be nearly zero-energy by 1 January 2019); so, a further 

round of consultation and regulatory changes will likely take place in 2016 (Sargeant, 

2013a). 

 

The Welsh Minister for Housing and Regeneration has justified the decision on the 

grounds of avoiding unintended impacts on the property and employment market while 

securing the target of 7,500 affordable homes to be built during this administration 

(Sargeant, 2013b). Whereas some have questioned whether a lower reduction target 

would stimulate more building development in Wales (George, 2014), the environmental 

groups e.g. WWF Cymru and Friend of the Earth Cymru claimed that the WG simply 

“capitulated to the well-financed housebuilding lobby” (Henry, 2013; Mark, 2013), while 

wasting an important opportunity to drive innovation and enable Welsh businesses to 

capture an ‘early-mover’ advantage (Friends of the Earth Cymru, 2012). Given that the 

authority for both planning and building regulations has been devolved to the WG, the 

current administration seems to exhibit a lack of vision, or rather has deviated from the 

original aspiration, in terms of how a transition to a low carbon built environment in 

Wales can profoundly help to solve Wales’ entrenched social and economic problems, as 

introduced in the Welsh transition narratives.   

 

It is undeniable that the current tough economic situation poses challenges for policy-

makers at all levels, although there is the suggestion that ‘jobs’ has remained as the main 
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driver of the Welsh policy-making process (Civil Servant Interviewee N.3, 2013), the single 

most important criterion for the regional policy intervention in Wales since 1944 as 

pointed out in Chapter 4. It does raises the question of whether Welsh policy-makers are 

capable of breaking from this path-dependence, and look beyond narrowly defined goals 

e.g. ‘jobs’ and short-term socio-economic outcomes, as they to date have not seemed to 

have delivered the economic results intended. Instead, it has been suggested that regional 

governance should be inspired to creatively use policy intervention to promote multiple 

policy goals (Ashford and Hall, 2011), e.g. innovation, the creation of jobs and business 

opportunities, and low carbon transition etc., and help shape the long-term structural 

change (Thomas and Henderson, 2011) that is needed for the Welsh economy.  

 

Such intervention might consist of a congruence of varied policy measures, including not 

only e.g. stringent regulations that can simulate the entrance of new products and 

processes into the market (Ashford and Hall, 2011), and give Legitimation on which the 

development and deployment of low carbon technologies can thrive, but also those aiming 

to create domestic demand for the low carbon technologies, a main bottleneck identified 

in the function analyses. They combined could help to increase the market uptake of the 

WTC products at once, while, in the case of the BISE TIS, they could help to create a ‘lead 

market’ or ‘test bed’ for the BISE products and services. I will further discuss this in the 

next section. 

 

With regard to Resource Mobilisation, there is a general concern among Welsh firms in 

both systems over the difficulty of recruiting employees equipped with the right skill sets. 

While firms have adopted various measures to meet their respective training needs, e.g. 

on-job training (in both systems), apprenticeships (in the WTC TIS), specifically designed 

university degree programmes (in the BISE TIS), it again raises the question of how the 

Welsh educational system can better serve the needs of its economy, since education is 

one of the fully devolved subjects.  

 

As reviewed, Abramovitz (1986) links the ‘social capability’ of a nation with its relative 

economic status i.e. ‘forging ahead’, ‘catching-up’ or ‘falling-behind’, and denotes the state 

of education embodied in a nation’s population and its existing institutional arrangements 

as part of the ‘social capability’. In this sense, some parallel can be drawn between the 

substandard state of Welsh education and the lagging status of the Welsh economy, 
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especially in the case of the quality of the Welsh primary and secondary education system 

which is falling behind (Dixon, 2013), fortified by the latest PISA83 result that places Wales’ 

education as the worst in the UK (BBC News, 2013c). While it is beyond the scope of this 

study to go further into detail on the Welsh educational system, one point raised by 

OECD in its recent review of the Welsh school system has struck a chord with this study, 

i.e. in the report OECD points out that the lack of “a compelling and inclusive long-term 

education vision to steer the education system and its reform efforts is an overarching challenge 

to improve the quality of education in Wales” (OECD, 2014: 11). Again, the importance of 

a long-term vision is stressed. On the other hand, just as Nelson (2004) points out, when 

the reform of particular institutions, e.g. the educational system, is required, it is likely far 

easier to advocate institutional reform, or mount programmes aimed at reform, than 

actually to deliver them. Even so, I will make an attempt in the next section to discuss how 

a long-term vision might be developed and subsequently delivered, by drawing on insights 

from successful experiences elsewhere.  

 

As for the Welsh higher educational institutions, the function analyses have shown the 

active involvement of Welsh universities in the processes of Knowledge Development and 

Diffusion in both systems. Providing that Wales does not have any public sector research 

and development institutes (Thomas and Rhisiari, 2000; Thomas and Henderson, 2011), it 

is expected that Welsh universities and university-led research institutes will continue to 

play an important part in fostering the innovation capability in Wales. In theory, the 

university-industry interaction likely involves different facets. First, it is the basic university 

role of educating and supplying suitably qualified human capital for the Welsh firms; second, 

it is the role of research activity which increases the stock of codified knowledge that may 

have useful or commercial values; third, it is a role in problem-solving in relation to 

specifically articulated business needs; and, the fourth includes a wide range of interaction 

mechanisms between university staff and business, formal or informal (Hughes, 2007).  

 

In this regard, all such four facets were observed in the two systems, to varied extents. 

While the university-industry interaction in the WTC TIS was akin problem-solving, what 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
83 The Programme for International Student Assessment (PISA) is a triennial international survey carried out 
by OECD, and set to evaluate educational systems worldwide by testing the skills and knowledge of 15 
year-old students. First introduced in 2000, students from randomly selected schools take tests in three 
subjects – reading, mathematics and sciences. The most recent assessment took place in 2012. More 
information is available from the official website http://www.oecd.org/pisa/.   
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is going on in the BISE TIS (in the case of SPECIFIC) has its emphasis on R&D, alongside 

activities designed to educate and supply a future pool of suitably qualified human capital. 

However, it needs to be pointed out that, in the WTC TIS, the university-industry 

interaction only took place because of the involvement of the intermediary bodies e.g. 

Coed Cymru and the Welsh Forest Business Partnership (WFBP); they played an 

important part in articulating the technical problems and research demands; otherwise 

universities may not be high on the list of knowledge sources that Welsh firms likely go to, 

an impression I collected throughout the interviews. In addition, the WTC TIS also 

encounters the reality that there are very few full-time researchers working in the field, 

when external actors, e.g. Edinburg Napier University, have been involve in order to 

complement the relative weak R&D capacity in Wales. To this end, it again raises 

questions about whether some long-term arrangement should be made in Wales to work 

closely with the Welsh businesses and raise the R&D and technological capacity in areas at 

which Welsh universities may not be specialised. I will discuss this in the next section. 

 

7.2 Implication for regional governance in Wales 

The emergence of the innovation system approach has much to do with a belief that the 

innovative prowess of national firms is determined to a considerable extent by 

government policies (Nelson, 1993), whereas the Functions approach provides a means to 

decipher the institutional, technological or economic factors that can influence the rate 

and direction of innovation processes, exposes ‘system weaknesses’, and thus may guide 

the development of specific policy measures. In this regard, following the comparative 

assessment of the functional patterns of the WTC and BISE TIS, I next discuss possible 

policy actions alongside four streams of thinking: ‘technology foresight’, ‘the regulation-

induced innovation hypothesis’ (Ashford and Hall, 2011), ‘demand-oriented policy 

measures’, and ‘support for small business innovations’. 

 

The inspiration and authority for these recommendations are derived from different 

sources. As reviewed in Section 2.4, Chapter 2, one main origin is the literature on 

technological catch-up, in that most technological and economic progresses in Wales 

involve a catching-up process. This may not be so obvious in the case of the BISE TIS in 

Wales, but when it comes to institutional arrangements and regional governance that 

facilitates these changes, considerable competence building is needed in Wales. As already 

argued, while good practices in advanced regions can offer inspirations, Wales may not 
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have the right social technologies and institutional infrastructure to deliver these good 

practices. However, by drawing insights from countries and regions who have previously 

lagged behind, but have since successfully caught-up at either country or industrial level, 

Wales might learn how the required institutional capability can be built up. 

 

7.2.1 Technology foresight: setting long-term visions 

As discussed in the previous section, the development of innovation capability depends on 

long-term effort, and the guidance of well-defined long-term visions (in terms of Guidance 

of the Search). This may includes, for instance, a long-term policy commitment to 

Knowledge Development and Diffusion as to a specific technological field such as low carbon 

building technologies, whereas necessary resources (e.g. human, financial and materials) are 

mobilised to help deliver such a commitment. On the other hand, Wales’ recent 

experience with the amendments to the Part L of the Building Regulations for Wales also 

seemed to attest the importance of a regional consensus in formulating long-term visions 

(linking to Legitimation), in order to ensure the support of important regional actors (e.g. 

home-builders, in the case of the Welsh Part L). To this end, I next discuss the implication 

of ‘technology foresight’ as an useful regional governance tool, in terms of developing well-

grounded long-term visions while forming regional consensus.  

 

As introduced, in his 1987 book on Japan’s national innovation system, Freeman (1987b) 

credited Japan’s technological forecasting system with providing long-term ‘visions’ of the 

future that were able to influence decision-making throughout its national system in 

relation to R&D, investment, markets and structural change; moreover, this long-term 

vision charted broad directions of advance for the economy and for technology, and gave 

firms sufficient confidence to make their own long-term investment decisions. By the 

1990s, similar technology forecasting or foresight exercises have been observed, to varied 

extents, in many emerging economies that tried to close technological gap (Shin et al., 

1999), as well as in many Western European countries that wished to optimise resource 

allocation in the S&T policy (Brandes, 2009; Meissner, 2012). In recent years, an increasing 

number of studies have also looked into technology foresight as an effective regional 

governance tool to build up regional innovation potentials, in term of developing common 

visions about the future, enhancing the cohesion among regional actors and enabling 

coordinated action towards common goals (Koschatzky, 2005; Hanssen et al., 2009; Keller 

et al., 2014; Vecchiato and Roveda, 2014). 
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A successful foresight process often involves a top down beginning but can be extended in 

addition by a bottom up approach (Meissner, 2012). For instance, in Japan a quinquennial 

technology foresight has been conducted since 1971, with aims to forecast long-term 

trends in various fields of S&T for the next 30 years; the most recent one (i.e. the ninth 

survey) was completed between the fiscal year (FY) of 2008-09, which consists of 12 

interdisciplinary panels covering 832 topics; the methods used include the ‘Delphi survey’ 

of 2900 experts to outline areas of key S&T importance, ‘scenario writing’ based on group 

discussions to explore the path towards the future (which involves both experts and 

younger generation in separate discussions), and ‘regional workshops’ involving local 

populations to help assess the capability of local regions for green innovation and the 

creation of new industries and services (NISTEP, 2010). As shown, the Japanese system 

has become very sophisticated, resulting from a continuous forecasting exercise for more 

than 30 years, learning from the past (e.g. a social dimension was included in 1999 in order 

to reflect the social needs on the technology development (Kameoka et al., 2004)), as well 

as a whole-hearted belief that foresight can prepare Japanese society to face future 

challenges (NISTEP, 2010).       

 

While it is unrealistic to assume that Japan’s technology foresight exercises can be entirely 

imitated in Wales, they nevertheless provide a different model of doing things that allows a 

policy-making process based on long-term visions. On the other hand, Wales is a much 

smaller nation, so the content and process required likely need not to be as complicated 

as what took place in Japan. Since four technological fields have been identified in the latest 

Welsh innovation strategy, while nine key industry sectors have been set up under the 

Department for Business, Enterprises, Technology & Science (Welsh Government, 2013d), 

these could certainly form the basis for initiating a foresight exercise in Wales. However, 

the exercise would have to address two challenges facing regional innovation governance 

in Wales. First, it would need to avoid the ‘top-down’ and overbearing nature of 

governance that is often observed in Wales in the past two decades. It has been argued 

that “everything is within the Welsh Government itself, and there is no innovation governance 

system of a wider nature” (Academic Interviewee N.5, 2013). In this sense, a foresight 

exercise might offer an opportunity for the Welsh innovation governance to engage a wide 

range of stakeholders, including industries (both small and big businesses), local authorities, 

general publics, and universities in an equal partnership, and to build regional consensus.  
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Second, once a foresight exercise is started, it needs to be carried out in a systemic and 

continuous manner. As introduced in Section 4.4, Chapter 4, Wales was once among the 

first four EU regions to pilot a regional innovation strategy, i.e. the Regional Technology 

Plan (RTP), introduced in 1996, when the Welsh RTP process was valued as engendering 

the “path-breaking forms of dialogue anticipated by theorists” (Henderson, 2000: 347). But, 

Wales has since fallen away from the front of the field (Academic Interviewee N.5, 2013). 

It is thus interesting to speculate whether, had Wales followed a more consistent and 

coherent approach, the long-term structural change that is much needed in the Welsh 

economy might have been taking shape. As Cuhls (2001: 567) comments, “what we do 

know is that the foresight studies in Japan do have an impact—just because they are continuing”. 

When linking this statement to the study of innovation systems, such continuity can be 

interpreted as allowing an uninterrupted, interactive ‘learning’ process – the most 

important process in the modern economy (Lundvall, 2007); in the meantime, it may be 

argued that this continuous process and the relevant institutional setup enable all actors 

involved (e.g. firms, experts, policy-makers and general publics) to grow and deepen their 

knowledge bases of both science-based and experience-based natures84, while facilitating 

the formation of networks and strategic alliances (Cuhls, 2001).     

 

7.2.2 Regulation-induced innovation hypothesis: why stringent regulations? 

In more than one occasion in this thesis, I have discussed how the new Part L of the 

Building Regulations for Wales dropped the originally intended 40% reduction target for 

domestic new builds, and instead adopted a much lower reduction target of 8%, even 

though it is clearly understood that all new builds must be virtually carbon neutral by 1 

January 2021 in compliance with the relevant EU Directive. Such an institutional behaviour 

shows the shadow of a conventional assumption that stringent environmental regulations 

always increase the costs of compliance and harm firms’ competitiveness. However, since 

the late 1970s such an assumption has been challenged by a number of studies conducted 

by Ashford and colleagues85 (Ashford, 1976, 2000; Ashford et al., 1985), and by Porter and 

van den Linde (1995a,b), which respectively led to the proposition of the ‘regulation-

induced innovation hypothesis’ (RiiH), and the ‘Porter Hypothesis’ that is seen as a weak 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
84 According to Jensen et al. (2006), science-based knowledge is the one produced through the science-
technology-innovation (STI) mode, whereas experience-based knowledge is developed though learning by 
doing, using and interacting (DUI) mode.	  	  
85 Ashford and colleagues are the research team based at the Massachusetts Institute of Technology (MIT), 
USA.  
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form of RiiH (Ashford and Hall, 2011). 

 

As reviewed, RiiH postulates that stringent regulations, aiming at achieving sustainability, 

can stimulate fundamental changes in technology, often by new firms or entrants, through 

the introduction of entirely new products and processes into the market, thereby 

displacing dominant technologies; for incumbent firms, only those who have the willingness 

and capability to innovate can survive, while the remaining are likely displaced from the 

market. Consequently, they lead to the Schumpeterian ‘wave of creative destruction’ 

(Ashford and Hall, 2011). While the development of RiiH shows the clear influence of 

evolutionary theories, e.g. Nelson and Winter (1982) and Schumpeter (1939, 1943), some 

parallel can be drawn between the theory of RiiH and the Functions approach, e.g. in 

‘functional’ terms, RiiH can be seen as a result of cumulative causation – Guidance of the 

Search coupled with Legitimation (in the form of introducing stricter regulations) is 

expected to have strong effects on Entrepreneurial Experimentation (in the form of either 

new entrants who see opportunities in new markets or incumbent companies who 

diversify into new segments).  

 

In the case of the two technological systems examined in this study, it becomes obvious 

that a level playing field could be immediately created for the market deployment of the Ty 

Unnos module and other WTC innovations, if the Welsh Part L were to adopt a carbon 

reduction target of 25%, equal to the level 4 of the Code of Sustainable Homes (DCLG, 

2010). As for the BISE technologies, experience in Europe has showed that a combination 

of stricter building codes and modest BIPV incentives has promoted more innovative BIPV 

applications installed in France and Switzerland than in Germany and Italy (Heinstein et al., 

2013). In this sense, an integrated approach is needed for RiiH to have an impact in Wales, 

as demonstrated by Japan’s experience in promoting energy efficiency law after the oil 

crises of the 1970s (see Section 2.4.4, Chapter 2). This includes, apart from the stricter 

regulatory standards, complementary monetary incentives, and relevant R&D programme 

funded by government or/and private sectors, as will be discussed later. 

 

On the other hand, the stance that the Welsh Minister for Housing and Regeneration took 

on the new Part L may be interpreted as a lack of understanding of and commitment to 

innovation. As one interviewee commented, “what you would want to be looking at within 

Wales compared to say Ireland or compared to Scotland is the extent to which there was a real 
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strategic focus upon stimulating innovation for particular ends…I think that has been missing 

within Welsh Government, and Innovation Wales86 does not fully cover that gap…I am not 

certain at this stage that there is the strategic push behind facilitating innovation more strongly 

within Wales” (Academic Interviewee N.5, 2013). To this end, what the ‘regulation-induced 

innovation hypothesis’ offers is an alternative way of thinking and policy-making, as 

opposed to allowing the incumbents to capture the regulatory agenda (e.g. how 

homebuilders successfully lobbied for the lower carbon reduction target adopted in the 

Welsh Part L); it calls on policy-makers to set higher regulatory standards, thereby 

stimulating innovation to facilitate changes, which could eventually lead to a breakout from 

‘path-dependence’, or ‘lock-out’. This is, in my view, particularly important for the post-

devolution Wales. 

 

7.2.3 Demand-orientated policies for innovation 

‘Demand’ or lack of it has emerged in this study to be an important matter, and it seems 

to be at the core of the problem this study aims to address, while at the same time part of 

the solution. In Chapter 2, I have theoretically explored the role of market demand in 

affecting the direction and rate of technological change as either an priori directing or an ex 

post selecting device, whereas the user-producer linkage could act as an important source 

of knowledge and ideas for innovations. The review of Wales’ industrial past in Chapter 4 

also suggested that, as the Welsh economy is so often driven by external demand, and 

capitals, a frequent disintegration between the Welsh production systems and the local 

demand profiles have done little to improve technological capability in Wales, and partly 

contributed to the peripheral status of the Welsh economy. In this sense, the building 

environment seems to be an ideal testing ground to facilitate Welsh innovations and 

develop new industries, products and services based on low carbon technologies, simply 

because a Welsh market is already here.  

 

However, since the recession the recovery in the housing market has been slow, which 

was seen as a main bottleneck for the market uptake of WTC products, as indicated by 

the function analysis. Hence, simply relying on consumer or market-driven demand will be 

unrealistic for these emerging technologies, whereas the lower than expected standards 

adopted in the Welsh Part L do not help the situation either. An alternative way to create 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
86 The latest Welsh innovation strategy 
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market demand is needed. In recent years, there is an increasing call for demand-based 

policies, as a way to tackle bottlenecks of demand for innovation, and contributing to the 

innovation process (Edler, 2009; European Commission, 2009).  

 

Demand-based policies for innovation were adopted as early as the 1970s. The rationale 

for introducing such policies lies with: a) overcoming system failures, e.g. high entry cost; 

b) serving societal goals and policy needs; c) modernising industrial assets leading to 

productivity gains, and d) pushing local innovation production and creating Lead Market 

potentials (Edler, 2009). In addition, some sector-specific conditions also makes demand-

based policies relevant for promoting innovation in construction. First, a majority of the 

construction industry serves national and local markets due to the typical division of 

responsibilities and relationships along the supply chain differing from country to country 

(European Commission, 2009), and thus there is little risk that public procurement could 

lead to suppliers with best value for money coming from ‘abroad’ (Edler, 2009). Second, 

public sector has always been an important source for building demand e.g. schools, social 

housing, and hospitals, which largely explains why the Welsh construction sector has 

remained relatively stable during the economic downturn (Welsh Economy Research Unit, 

2012). All these elements thereby ideally place government or public sector clients in a 

good position to lead the demand for innovations in the field of low carbon building 

technologies.    

 

The most direct way for governments to influence innovation through demand-pull 

measures is as a purchaser. Public procurement policy is generally considered to be a 

more efficient instrument to stimulate innovation than R&D subsidies (Geroski, 1990), 

while triggering greater innovation impulses in more areas than R&D subsidies (Rothwell 

and Zegveld, 1981). Through the procurement policy, governments can act as ‘lead users’ 

for new innovation (Edler, 2009), while helping to stimulate private demand through 

demonstration projects for example. However, as revealed by the function analyses in 

Chapter 6, the current public sector procurement process in Wales is often risk averse, 

tends not to support innovation, while always going for the cheapest bidder. To this end, if 

public procurement is to be used as a demand-pull measure, the WG will have to adopt 

higher standards for public procurement for building projects, or more specific 

requirements, e.g. stipulating minimum threshold percentages for using locally sourced 

materials (or BISE) in the project, or to include requirements for the assessment of the 
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embodied energy, or for life cycle assessment (Business Interviewee N.11, 2013).  

 

Doing so may also link with the vision to create a ‘lead market’ for e.g. BISE technologies 

in Wales, as I already proposed. EU launched the Lead Markets Initiative for Europe in 2008, 

and both sustainable construction and renewable energy are among the technological fields 

selected for the Initiative; the aim of this Initiative is to enable European enterprises to 

have better chances of entering new fast growing world-wide markets with a competitive 

advantage as lead producers (European Commission, 2008). As reviewed in Section 2.4.3, 

Chapter 2, the concept of ‘lead market’ is built on the hypothesis that particular 

characteristics of local demand can lead local innovations to be commercialised in the 

global market (Beise, 2004). It is closely linked to Porter’s Diamond model (Porter, 1990), 

in which demand in a home market is seen as one of the four determinants influencing the 

innovativeness and competitiveness of local firms. While it was initially seen to only exist 

in economically advanced countries due to its emphasis on customer sophistication and 

affluence as the inducers of innovation, the theory has since been extended to include the 

‘lead market for frugal innovations’ in emerging economies, where innovations are 

characterised by high affordability, robustness, and ‘good enough’ quality in a volume-

driven market (Tiwari and Herstatt, 2012).  

 

In this sense, both WTC and BISE innovations examined in this study fit well these profiles, 

even though it might sound odd to categorise BISE components or systems as frugal 

innovations. Nevertheless, it may be argued that to be affordable is undoubtedly high on 

the agenda of SPECIFIC, which will be delivered through manufacturing scale-up while 

using Earth abundant raw materials, thereby significantly reducing the cost of BISE 

production (Business Interviewee N.9; Academic Interviewee N.7, 2013). Meanwhile, as 

noted, what is happening in the solar energy market as well as in the field of solar 

technologies has shown that solar energy is becoming ever so close to be cost-parity to 

fossil fuel options; thus, it is not so far-fetched to consider that BISE components or 

systems can become affordable and compete with conventional building materials in near 

future, if the right innovation strategy is put in place, for instance, a ‘lead market’ initiative.    

 

Here, a more pressing question may be raised with regard to the size of local demand in 

Wales. In other words, is Welsh market substantial enough to formulate a ‘lead market’ 

for e.g. BISE innovations? Porter (1990) has suggested the quality rather than the quantity 
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of the home demand to be crucial, and pointed out that demand is often segmented in 

many industries while some segments are more global than others. Although this thesis 

has run out of space to further discuss whether and how a lead market might take shape in 

Wales for e.g. BISE innovations, it seems to be an interesting topic that may benefit from a 

separate study. Moreover, lead market or not, governments or public sector bodies can 

still act as sophisticated or stringent buyers to enable and push the innovation 

performance of local firms.  

 

Apart from public procurement, the other policy measures that may be used to stimulate 

demand for innovation include a) providing financial incentives for private demand, through 

direct payment or tax credits or exemptions; for instance, through e.g. providing finance to 

individuals who seek self-build in Wales (Chapman, 2013), the WG can help to create 

demand for the WTC products, in that the STA figure has shown that timber frames 

dominates the market segment of self-build, as indicated; b) providing information and 

enabling initiatives; this can be linked to the technology foresight exercise that I have 

discussed in Section 7.2.1; and c) using regulation and standardization, to alter market 

conditions to redirect efforts in innovation (Edler, 2009; NESTA, 2010; Izsak and Edler, 

2011); similarly this can be linked to the ‘Regulation-induces Innovation Hypothesis’ that I 

discussed in Section 7.2.2, and again the point here is that an integrated approach is 

required for using policy to influence innovations aiming at sustainable development, an 

argument I already touched on, but more study is needed. 

 

7.2.4 Support for small business innovations 

As indicated, just like the Welsh wood-based sector, a majority of enterprises (99.3%) in 

Wales are small businesses, or more precisely are dominated by micro-enterprises, 

standing for 94.6% of all Welsh firms. These figures reflect the importance of improving 

existing small businesses’ innovation capability for the Welsh economy (Jones-Evans, 2001). 

Recently, as introduced, WG launched a two-year Open Innovation Development Award 

initiative, and three firms from the BISE TIS have been selected as anchor companies (out 

of the seven in total) assigned the task to bring new product or process expertise to small 

businesses in Wales, and develop open innovation networks (Welsh Government, 2013c). 

Whereas ‘open innovation’ can certainly form a path for improving the innovation 

capability of small firms in Wales, here I intend to explore a rather different path, partly 

because none of the wood based firms is part of this ‘Open Innovation’ initiative, and 
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partly because, as explained, the path proposed has been proved to be effective in 

facilitating technological catch-up elsewhere.  

 

In the technological catch-up literature, as introduced in Section 2.4.2, Chapter 2, Taiwan’s 

catch-up success in the 1990s is seen as being led by a large number of SMEs, a trajectory 

different from that of Japan and Korea’s in which large firms are mainly responsible, or that 

of TNC- or FDI- based growth model. Underpinning this success is the distinctive 

cooperation forged between public and private actors, in the form of R&D Consortia, 

which were able to overcome the scale disadvantages of Taiwan’s small firms, and 

demonstrate the power of public-private cooperation in one successful industry 

intervention after another (Wong, 1995; Mathews, 2002; Dodgson et al., 2006). As 

Mathews (2002: 634-635) elucidates,  

 

Taiwan’s R&D consortia were formed hesitantly in the 1980s, but flourished in the 1990s as 

institutional forms were found which encourage firms to cooperate in raising their technological 

levels to the point where they can compete successfully in advanced technology industries. 

Many of these alliances or consortia are in the information technology sectors,… But they have 

also emerged in other sectors such as automotive engines, motor cycles, electric vehicles, and 

now in the services and financial sector as well. Several such alliances could be counted in 

Taiwan in the late 1990s, bringing together firms, and public sector research institutes, with 

the added organisational input of trade associations, and catalytic financial assistance from 

government. 

 

Some of these consortia have been more successful than others—but all seem to have learned 

organizational lessons from the early cases where government contributed all the funds, and 

research tasks were formulated in generic and overly ambitious terms for the companies to 

take advantage of them. The more recent R&D alliances formed in the 1990s have been more 

focused, more tightly organized and managed, and have involved participant firms much more 

directly in co-developing a core technology or new technological standard which can be 

incorporated by the companies, through adoption and adaptation, in their own products. 

 

What can be taken away from Taiwan’s experience is how networks of SMEs have been 

organised intentionally and effectively, while technological learning, upgrading and catching-

up, and industrial creation have been the main object of such collaboration (Mathews, 
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2002; Dodgson et al., 2006). As noted, the formation of networks is an essential condition 

and structural component of innovation systems, whereas learning and capability building 

remain of central importance to the IS approach.     

 

From the onset, Taiwan’s experience (as well as Japan’s) suggests that it is naive to assume 

that firms are naturally willing to work together in collaborative processes, and thus it is 

rather the case that institutional frameworks need to be constructed in which firms find it 

to be in their interests to collaborate while they can still compete in the marketplaces 

(Mathews, 2002). In Taiwan, at the heart of such institutional framework is the public 

sector research institutes (PRI), especially in the form of the Industrial Technology 

Research Institute (ITRI), which has been integral to instigating R&D consortia since 1973, 

through not only conducting R&D directly but also acting as the coordinator of multi-

partner consortia. Because of its neutral position, ITRI has been able to lead participating 

firms to work cooperatively and productively on a specific project while allowing them to 

remain competitors elsewhere (ibid; Dodgson et al., 2006).  

 

A slightly different sort of intermediary actor can be found in the WTC TIS where both 

Coed Cymru and WFBP have been involved in the development of WTC products, and 

knowledge diffusion. However, while they played an indispensable part, neither of them 

are PRIs and have the resources and capacity to form an effective organisational structure 

to provide R&D support to Welsh firms both sustainably and systemically. Coed Cymru 

employs around 25 staff (with no designated R&D staff) and has an operational budget 

over £1.2 million (around 25% used for R&D) in FY 2011-12 (Coed Cymru, n.d.), whereas 

WFBP is currently, as a voluntary organisation, financed by the WG with an annual 

operational budget £235,000, and employs three full-time staff (with no designated R&D 

staff either) in FY 2012-13 (WFBP, 2012; Business Interviewee N.7, 2012); moreover its 

budget is approved on a year-to-year basis (WFBP, 2012; Welsh Government, 2014e).  

 

As already questioned, how can an effective mechanism be set up in Wales which is able to 

provide R&D support to small businesses in a systemic and consistent manner? Should, for 

example, a PRI (similar to Taiwan’s ITRI but probably in a more compact format87) be set 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
87 Established in 1973, the ITRI employs more than 5000 R&D staff (over 1300 with PhDs) and has an 
operational budget around NTD 18,490 millions (around £370 millions) in 2013, while its R&D activities 
focus on six major fields, with innovations and applications targeting three domains: Smart Living, Quality 
Health and Sustainable Environment (ITRI, 2013). 
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up in Wales since Wales does not have one at present? Whereas the Welsh universities 

remain the big R&D performers within the region, it needs to be reckoned that 

universities and PRIs are often operated with different priorities; for instance, while 

universities also perform the important function of teaching, PRIs usually solely provide 

direct R&D support to businesses, and public authorities (Innovation Policy Platform, 

2014). Meanwhile, the Welsh regional innovation governance, as noted, is very top-down 

with most decision-making processes kept within WG, to the point that the governance 

arrangements are not clear beyond it being the responsibility of the WG (Academic 

Interviewee N.5, 2013). In this regard, it may be argued that, by establishing a Welsh public 

sector research institute, a horizontal coordination mechanism might be added to the 

current overly top-down arrangement while enhancing the innovation infrastructure in 

Wales. As a relatively independent research entity, and a focal point for small businesses in 

particular, the proposed PRI could focus on, across selected technological fields, facilitating 

technological learning, networking, problem-solving, technology generation, innovation 

management, access to (overseas) R&D and information on patents and licenses, training 

and commercialisation, etc. (Cooke, 2001; Tödtling and Kaufmann, 2002). Where funding 

is concerned, the estimated £2 billion European structural funds for the period of 2014-20 

might come to play an essential part after all. 

 

Taiwan and its institutions are seen to demonstrate pragmatism and the ability to learn 

from mistake, which saw the ITRI evolving from its early role in which it assimilated 

imported technologies and then passed them onto the local companies, to an arrangement 

where the ITRI now acts as convenor and coordinator of projects with works jointly done 

by both the ITRI and participating firms (Mathews, 2006; Wong, 1995); and in the 

meantime the object of the R&D consortia has become more strategically focused, as 

described. In this sense, it is worth noting that a similar experience also happened to the 

WFBP, which saw the Partnership setting very ambitious organisational goals initially while 

trying to do everything at the same time but without clear direction. However, by learning 

from these early mistakes, the WFBP has since become more focused and specific, mainly 

involving WTC and local supply chain development etc. (Business Interviewee N.7, 2012). 

The point here is that, while Taiwan’s experience shows how long-term commitment to 

innovation by its government has led to an improved institutional capacity that have 

contributed to Taiwan’s successful catch-up in industrial sectors e.g. electronics, 

uncertainty over its future running may greatly weaken WFBP’s capability to continuously 
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learn and improve, seeing that its future operation is determined annually by whether the 

WG is willing to continue the uncertain sponsorship. For the WTC TIS, the possibility that 

the WFBP might be dissolved due to funding shortages could very likely set the system 

into the motion of a vicious cycle.   

 

7.3 Conclusion  

This PhD study was set out to, first, develop theoretically informed and empirically 

grounded insights into the development of low carbon building technologies in Wales 

through investigating the extent to which the functions of two selected emerging 

technological innovation systems – ‘Welsh grown timber for construction’ (WTC) and 

‘building integrated solar energy systems’ (BISE) – have been fulfilled respectively. To do 

so, a bespoke analytical framework for the assessment of the IS functions was developed 

(see Section 3.3, Chapter 3, and Table 6.1), which comprises seven functions of an 

innovation system with each function assigned a set of performance indicators (addressing 

Research Question 1).  

 

The analytical framework was subsequently used to analyse how the functions of the WTC 

and BISE TIS have been fulfilled (addressing Q.2). Overall, the function analyses have led 

insights into how the institutional, technological and market factors at various levels have 

interacted and affected technological developments as well as the market deployment of 

the WTC and BISE technologies. The analyses also shown that, despite the assessment 

that both TISs have reached the formative phase respectively (as explained in Section 6.3, 

Chapter 6), there is no guarantee that both systems will eventually reach the stage of 

successful market diffusion, due to uncertainties likely arising in the spheres of technology, 

policy-making, and market demand. 

 

To certain extents, as discussed above, the Welsh Government with its devolved power 

can introduce intervention mechanism to help the market diffusion of these technologies, 

especially since both planning and Building Regulations are devolved matters. Meanwhile, it 

is believed that the use of the innovation system and functions approach can help identify 

system weaknesses, and subsequently allow the regional governance to introduce policy 

measures that matter the most, and become, in a way, more responsive to local 

circumstance. This therefore arrives at the second half of the research aim of this PhD 

study, i.e. having compared the functional patterns of the WTC and BISE TIS and analysed 
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the similarities and differences that have arisen (see Table 7.1, addressing Q.3), this study 

explored the extent to which the findings of the function analyses offer a bottom-up 

perspective on regional governance in Wales that might help to alter the functional 

pattern, in terms of leading to the successful market diffusion of these low carbon building 

technologies, while improving the relevant innovation capability within the region. 

 

The comparison of the function patterns of the two systems has suggested that a certain 

degree of innovation capability has been established in Wales, characterised by the general 

presence of local knowledge networks or partnerships often involving a range of actors 

(see Figure 6.5 and 6.6). Such inter-firm and inter-organisation collaborations have led to 

knowledge spill-overs, resulting in the emergence of a number of market-ready 

innovations. On the other hand, several system weaknesses were also identified, one of 

which is a lack of innovative and R&D performing SMEs in Wales; given that over 99% of 

the Welsh firms are either micro-enterprises (≤ 10 employees) or small businesses (≤ 50 

employees), this just shows the scale of the challenges as well as the necessity to lift the 

innovation capability of Welsh small businesses. Also, the comparative analysis of the 

functional patterns suggested that the development of low carbon building technologies in 

Wales, as well as a possible low carbon transition in the Welsh built environment, may 

enter the virtuous cycles, or the right development paths or trajectories, if Welsh 

ministers are willing to whole-heartedly commit to the promotion of innovation, and the 

low carbon agenda, for both matters have seemed to slide into relative obscurity in recent 

years, as vividly illustrated by the development of the new Part L of Building Regulations 

for Wales.  

 

More so, what lies beneath is a matter of ‘path-dependence’, or, in other words, whether 

the Welsh regional governance can break out of the old ‘way-of-doing-things’. In Chapter 

4, I discussed how ‘maintaining high levels of employment’ became the single most important 

guideline for regional policy intervention in Wales since the 1930s. From then to now, 

with the establishment of an elected Welsh Government in-between, the distance 

travelled, in terms of the way of policy-making, does not seem to go very far, for ‘jobs’ still 

dominate the Welsh policy-making process. In the meantime, this old ‘way-of-doing-things’ 

has seemed to cause that the policy-making processes within the WG are less able to 

produce, or implement, well-defined long-term vision, policies or strategies, in a consistent, 

coherent manner.  
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As an attempt to address this ‘path-dependence’ while help to alter the functional 

patterns, a number of policy measures were recommended above (in Section 7.2, 

addressing Q.4), in line with four streams of thinking, i.e. ‘technology foresight’, ‘the 

regulation-induced innovation hypothesis’, ‘demand-oriented policy measures’, and 

‘support for small business innovations through e.g. R&D Consortia’. While borrowed, 

these recommended measures not only address both ‘technology push’ and ‘demand pull’ 

side of policy needs, but also represent different pathways out of ‘lock-in’ and ‘path-

dependence’.   

 

7.3.1 Contribution of this study 

This study contributes to two strands of literature. First, most of the literature on the low 

carbon built environment has focused on the supply side, i.e. the development of new 

technologies, systems and products, as well as methods of design, planning or evaluation 

etc. Few have approached the subject from an evolutionary, socio-technical perspective. 

As demonstrated, using the innovation system and functions approach has enabled to 

reframe the problem with respect to the development of low carbon building 

technologies, and to study it through the exploitation of interactions between economic, 

institutional and technological factors, thus opening a different problem space for 

alternative solutions.  

 

Secondly, while the Technological Innovation System and functions approach have been 

increasingly used for analysing emerging technologies, most literatures have focused on the 

emergence of renewable energy technologies. To this end, this study is an attempt to 

study emergent technologies in some more traditional sectors, the e.g. agro-forestry, 

construction and steel industries. In general, the IS and functions approach has proved to 

be useful, and provided a much-needed structure that allow empirical findings to be 

organised and analysed in a systematic and coherent manner. In addition, such a structure 

has also made the comparison of different TISs involving different industrial sectors, actors 

and technologies possible, and somehow relevant, in that the focus of the comparison is 

functions and factors that affect the performance of the functions.   

 

Meanwhile, this study has shown that the relevance of the function analysis was largely 

determined by how the functions are measured, and, in a way, how the different functions 

are interpreted. When the performance indicators were used to assess the extent to 
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which the functions have been fulfilled, the selection of indicators posed a major challenge 

for this study. Based on the reasons provided in Section 3.3, Chapter 3, a set of more 

generic indicators (see Table 6.1) was eventually proposed, with considerable inputs from 

some more established innovation assessment practices e.g. the EU Regional Innovation 

Scoreboard, largely because some of the indicators proposed in the existing TIS and 

functions literature (see Table 5.2) seem to be more specific towards assessing the 

emergence of renewable energy technologies, and less relevant to assess e.g. building 

technologies. To this end, the development of methods for functions assessment remains 

an important area of future research. If performance indicators are used as one of the 

methods, it may come to the question on whether separate generic indicators or sector-

specific indicators should be adopted. 

 

In addition, this research has explicitly studied TISs in the regional context, i.e. in Wales, 

which may help to addresses comments on how there is a lack of territorial 

embeddedness in the existing TIS literatures (Coenen and Truffer, 2012). As shown, while 

factors at the national, super-regional (EU) or international level are able to affect the 

innovation processes at the regional level, institutional settings at the regional level 

sometimes have more direct influence over the development and diffusion of emergent 

technologies in a given field. This can be ascribed to the power distribution and interaction 

between the regional, national and EU level e.g. WG’s fully devolved authority over the 

planning and building regulations, or the nature of market formation, as some sectors or 

market segments (e.g. construction /housing market) are seen to be more local than 

others, which gives regional and local governments considerable discretion in stimulating 

demand through policy intervention.   

  

On the other hand, this study has taken a close look at firm level activities and behaviours, 

e.g. small businesses vs. large firms in terms of their respective abilities to innovate, market 

and mobilise resources. As a result, firms are no longer treated as ‘abstract’ and 

‘homogeneous’ entities, and a bottom-up, ‘micro-to-macro’ perspective is provided, where 

alternatives for regional institutional configuration were recommended, allowing policy-

making to be more responsive to local needs and circumstances. Furthermore, as 

explained, this study has incorporated the literature on technological catch-up, which 

similarly enables to reframe the problem, and subsequently broadens the possible 
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solutions that can be applied to system weaknesses identified in the function analyses, as 

discussed.  

 

Finally, as already pointed out in Section 3.5, Chapter 3, a methodological novelty of this 

study is the design of ‘network maps of interactions between actors’ to help visually identify 

actors and their networks (the structural components of an IS) in a given TIS as it evolves 

(see Figures 5.2 and 6.4; 5.5 and 6.5). This contains a two-phase process: at first, a 

‘perceived’ network map of a well-functioning TIS is developed, which is then used as the 

basis for examining which actors and networks have actually emerged in the generation, 

diffusion and utilisation of relevant innovations, subsequently resulting in the formation of a 

‘present’ network map of a given TIS. In this respect, firms are visually no longer some 

‘abstract’ and ‘homogeneous’ entities within an innovation system, while, from an actor-

network interaction perspective, the network maps provide a supplementary 

interpretation of the status of a TIS, e.g. whether a TIS has reached the formative phase.  

 

7.3.2 Issues for future research 

As follows, a number of issues are identified, and subject to further research, some of 

which have been explored, to some extents, in this thesis, but better understanding is 

required.   

 

First, there are some theoretical issues in relation to the innovation system and functions 

approach that need to be researched further. They include: (a) ‘the development of 

methods for functions assessment’, providing that performance indicators are used, 

whether separate categories of generic indicators and sector-specific indicators should be 

developed and used; (b) ‘the system boundary of an IS’, apart from spatial or sectoral 

boundaries, the functions of an IS is considered as a third way to define the boundary; the 

function analyses of the WTC and BISE TIS have shown varied ‘open’ (innovation or value 

chain) elements arising from one or more of the functions respectively, and at the 

meantime the nature of the multi-governance model operated in Wales has seen varied 

factors at national and EU, as well as international levels that can also affect the innovation 

processes at the regional level; this raises the question of whether all factors identified 

from all functions should be considered while defining the system boundary, or whether 

the focus should be placed on more specific factors e.g. technology-specific, economic-

specific, or institution-specific factors. 
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Second, as reviewed in Chapter 4, the economic development in Wales has often seemed 

to be predominantly driven by external demand, from the age of coal and steel to the 

development of the modern manufacturing industry. This frequent disintegration between 

the Welsh production systems and local demand profile was seen doing little to improve 

the innovation capability of Welsh firms. To this end, it will be interesting to study the role 

of demand, especially that of domestic demand, in influencing the innovation capability of 

local firms. In relation to the theme of this study, two potential research topics were 

identified: (c) the extent to which domestic demand can affect the innovation performance 

of local firms in the context of technological catch-up within a region88, with findings to be 

further linked to the development of low carbon technologies in a catch-up region such as 

Wales, and (d) whether and how a lead market may take shape in Wales for e.g. BISE 

innovations, through the introduction of demand-oriented policy measures with 

government or public sectors acting as sophisticated or stringent buyers to enable and 

push the innovation performance of local firms. 

 

Finally, when four different streams of policy measures are recommended in this study, it 

is believed that (e) an integrated approach is required; however, how this might work 

requires further research, because it is not just about the policy and programme, but also 

how the regional governance is organised and how governance capability should be built 

up to deliver these policies and programmes, in a multi-level governance model which 

affects Wales in every aspects. 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
88 I submitted a research proposal on this subject for the EU Marie Curie International Outgoing fellowship 
Programme in 2013, although my application was unsuccessful.   
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Appendix A: 

Lists of the organisational affiliation of the interviewees 

 
 
In accordance with good ethical practices, before the interviews took place, the relevant 

ethical approval was formally sought, and subsequently obtained. Here, only the 

organisational affiliations of the interviewees are given as follows, whereas the identities of 

individual interviewees are anonymised, in order to respect and protect their privacy. 

      

For the case study of Welsh Grown Timber for Construction (WTC) 

- Benfield Att Group   
- BRE Wales  
- BSW Timber  
- Coed Cymru 
- Confor Wales 
- Country Land and Business Association, Wales 
- Design Research Unit Wales, Welsh School of Architecture, Cardiff University  
- Forest Products Research Institute, Edinburgh Napier University  
- Elements Europe  
- Holbrook Timber Frame Ltd 
- IBI Nightingale  
- Kenton Jones, 
- Previously Forestry Commission for Wales 
- Scott Brownrigg Associates 
- Thomas Joinery 
- Wales Forest Business Partnership 
- The Welsh Government 
- Wood Knowledge Wales 

 

In total, 20 interviews involving 22 interviewees were carried out between March 2012 

and February 2013. One of the early interviews was conducted involving a small group of 

three participants.  

 
 
For the case study of Building Integrated Solar Energy Systems (BISE) in Wales 

- BayWa r.e Solar System Ltd. 
- Centre for Solar Energy Research, Glyndŵr University 
- Dyesol UK Limited 
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- Emerson Control Techniques Ltd., European Headquarter 
- GB Sol 
- IQE 
- Low Carbon Research Institute, Cardiff University 
- Pure Wafer International Ltd. 
- School of Planning and Geography, Cardiff University 
- Sharp Manufacturing UK/Wales 
- The SPECIFIC Innovation and Knowledge Centre 
- TATA Colour 
- The REGAIN project, Blaenau Gwent County Borough Council  
- The Welsh Government 

 

In total, 14 interviews involving 14 interviewees were carried out between December 

2012 and July 2013. 
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Appendix B: 

An example copy of the interview questions 

 
 
As described, the interview questions were devised to reflect how the functions of an 

innovation system may have been performed, which in turn provided some structure and 

direction for the interviews. Since the two selected case studies involve different 

technologies, some related questions were composed differently so to accommodate the 

technological field involved. As follows, an example copy of the interview questions that 

were specifically prepared for the case study of Building Integrated Solar Energy Systems 

(BISE) in Wales is provided.  

 

Interview questions devised for the BISE case study  

About the company: 

- When and how did you start your business?  

- Business activities / products (do you sell any system); Are they different from 
when you first started (new product / service)? How many product innovation 
(improvement on exist products / new products (process) have you developed in 
the last two years? 

- Do you regard your company a hi-tech company?  

- Annual turnover; 

- Why do you choose this site to set up your business? 
 
How many people does the company employ at present? Any changes of number in the 
last 5 years? In which division? The share of highly-qualified people? Any problem to 
recruit?  

What is the target market for your products / services (local, national, international/ 
sector)? Who are your users /clients?  

How do you market your products and services? Do you use any external (paid or free) 
agents to promote your products and services?  

In term of R&D, is there any particular department or persons who is responsible for 
research and development of new products and services?  

Are you a member of any trade association? If so, how does it benefit your business?  

Do you have contacts or co-operate with the following institutes / organizations? If yes, 
in which way do you collaborate?  
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- Public research institutes (university) [Welsh Opto-eletronic forum PV group] 
- Private / other firm (other renewable technology companies) 
- Business consultancy 
- Local authorities / chamber of commence /  business enterprises? 

 
How important is for your business to keep updated with the latest information, 
development and knowledge with regard to solar technologies? In which way do you 
normally acquire the latest information and technological development? 

Have you been invited to conference, new product launch event or training program, or 
trade events? How useful do you think they are?  

Do you provide any in-house training?  

Who are your main competitors? What is the key for your company to stay competitive? 

Do you use any suppliers / sub-contractor for products and services?  

How is the company financed (own / foreign invest/ venture capital)? Does the company 
have difficulties to find capital? Does the company use any governmental grant? If yes, 
which programme? How are you aware of it? 

What are the reasons for the company to invest in the solar energy market? If so, 
whether do you think that the solar technologies (PV, solar thermal) are mature 
technologies? If not (If yes, in order to compete with other low carbon technologies) 
what more needs to be done, in term of both technology and market development, 
[without government subsidy]?  
 
In your opinion, what is the potential for solar energy development in Wales? A lot of 
policy-makers are talking about the energy policy’s “trilemma”, how do you think that 
solar energy development can meet the challenges posed by the ‘trilemma? At moment, 
most of installation of PV are driven by FIT, without the subsidy scheme, how can solar 
energy /PV market grow?  

In your opinion, will a strong home market for solar energy help the Welsh solar 
company, especially at the early stage? If yes, in which way? What need to be done to 
develop a strong home market?  

In your view, what is the direction for solar technology development? Whether will any 
current technologies / products still exist or be replaced in 5 years (by what)? 

Some have suggested that the Welsh research on solar technology lacks of break-
through innovations, do you agree this view? 
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