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Abstract: As a result of the emerging energy crisis and the requirement for countries to utilize more
energy derived from renewable sources, demand for renewable energy technologies is likely to
rise. Therefore, it is critical that production of such technologies is ramped up in order to meet this
demand. However, evidence suggests that engineering and manufacturing companies in the UK
are not entering the renewables market at the desired rate and, hence, renewable supply chains
currently lack the ability to respond to increased demand due to the lack of businesses willing to
move into supplying the renewables sector. Through a three phased research approach, this paper
will identify the barriers and risks that are suggested as reasons why companies do not invest and
operate within the renewables sector. Through further analysis obtained from the survey work and
focus groups, the paper goes on to identify and categorize these barriers and risks in the form of
‘system constraints’ which are then used to construct a current reality tree (CRT) that connects the
constraints into a comprehensive characterization map of the sector which suggests why companies
fail to enter the renewables supply chain market. The CRT identifies the complex arrangement of
issues which act as risks and barriers. These issues include; poor supply chain readiness leading to
a company’s inability to respond quickly and correctly to opportunities, a lack of suitable policies
and government investment in the renewables infrastructure (which leads to a lack of opportunities
for supply-chain companies) and a lack of knowledge of the sector by companies, meaning that
supply-chain companies are resistant to investing in the sector for fear of poor return on investment.
This work provides key insights into the UK manufacturing supply chain and its attitudes to entering
the renewables sector. Furthermore, the paper also applies and evaluates the use of the CRT technique
and ascertains its suitability to effectively characterize sector issues and its current problems.

Keywords: policy; stakeholders; supply chain capacity; current reality tree; system mapping

1. Introduction

Governments across the world have set ambitious renewable-energy usage targets
within their energy portfolios, notably, by 2050 [1,2]. This, in turn, requires countries to de-
velop suitable infrastructures and associated renewable technologies to meet those targets.
Therefore, it is important to understand not only the current and projected renewable-
energy generation capability within a given country but also to ascertain the capability of
the renewable-energy supply to manufacture and install such technologies in order to meet
current and future demand.

Developments in establishing directives to shape future renewable-energy practice are
changing the landscape for organizations. The United Nations Sustainable Development
Goals (UN SDGs) specifically identify the need to “ensure access to affordable, reliable,
sustainable and modern energy for all” by 2030 [3]. At the same time and more locally, the
Welsh Government has created a ground-breaking piece of legislation with the Well Being
of Future Generations Act (WBFG) [4], which identifies sustainable development principles
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to guide public-sector decision making. Indeed, the WBFG has been explicitly linked to
the UN SDGs in recent years, as they clearly share a fundamental desire to “transform the
world for people, planet and prosperity” [4]. Alongside the desire to promote sustainable
energy production is the impact of geopolitical uncertainty on energy security. The UK
government has explicitly identified the need to remove its reliance on Russian oil- and
gas-derived energy supplies, as well as the need to decarbonize as part of its energy security
strategy [5]. Thus, the growth in renewable energy plays a foundational role in achieving
such ambitions and the ability to enable sufficient capacity will play a central role in the
success of these strategic goals.

However, it is suggested that creating sufficient technological capacity and, thus,
increasing the availability of renewable technologies in order to meet this demand is
problematic. This is primarily down to the need for more engineering and manufacturing
companies to enter into the UK renewable-energy supply chain [1,2]. Therefore, this paper
is focused on one key research question, namely, “what are the barriers and risks that are
limiting UK engineering and manufacturing companies from entering the UK renewable-
energy supply chain?”. Therefore, this research explores the perceptions of risks and
barriers that are seen to inhibit these companies from entering the UK renewable-energy
supply chain. Its aim is to characterize the issues surrounding supply-chain capacity and
capability towards the production of renewable technologies, which will act as a blueprint
for other academic work in characterizing other renewable-technology supply chains in
the future. The research focuses on understanding and analyzing the renewable-energy
technology supply chain within the UK.

The paper is structured in the following way. The Section 1 has set the context for
the need for renewable-energy sector growth and identifies the pressure on capacity that
this entails. The literature review then identifies and explores the key issues around risks
and barriers within the UK’s renewable-energy supply chains. The Section 3 presents the
research that forms the basis of this paper, followed by a discussion of the key themes
emerging from the data. Finally, the conclusion draws the main aspects of the paper
together and presents consideration of how the research can be developed in the future.

2. Literature Review

With the UK committed to net-zero emissions by 2050 [6] and a previous target of
15% of energy requirements coming from renewable technologies by 2020 [7], there is
much discussion about how these targets will be achieved [4,6]. Meeting these targets
will obviously require renewable-energy-generating technology to be both available and
operational. Coupled with the recent experience of COVID-19 and ongoing geopolitical
uncertainty, the risk factors related to energy supply have been brought into sharper focus.
This requirement has put the spotlight on the need to develop sufficient supply-chain
capacity to produce and implement the needed renewable technologies to have them fully
operational within a relatively short time. Developing sufficient capacity requires growth
that is not just incumbent on companies currently engaged in the UK renewable-energy
supply chain but also entry into the renewables supply chain by companies who have not
traditionally engaged with the renewable sector. Thus, the commitment to a renewable-
energy supply presents a potential business opportunity to companies across a range of
specialisms. Yet, the decision of a business to diversify into the renewable-energy sector is
not necessarily a straightforward consideration. The existence of barriers and risks, both
real and perceived, to such a venture are inherent factors to consider. Inevitably, the view of
companies is essential in articulating the varied obstacles to enabling the sector’s capacity
for growth.

Strategic growth inevitably necessitates change. Along with change comes the issue of
uncertainty. This uncertainty surrounds market opportunity and whether companies are
willing to take the strategic risk of moving out of their well-known market sectors to focus
on a new and somewhat uncertain opportunity [8]. This is particularly the case where
the change involves diversification of products or entry into unknown markets, as the
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development of capacity within the renewable-energy sector would appear to require [9].
Invariably, there are risks and barriers that will be integral to the way that strategic direction
is realized [10]. However, it would be misleading to consider these two terms to be one
and the same, though inevitably they are related. Each has aspects that determine the way
they are likely to impact on a business and this study considers them as distinct elements
informing the way companies perceive the economic attractiveness of the renewable sector.

Risks are an inherent part of business activity, as resources are invested to achieve
the desired future direction with a clear awareness that uncertainties exist [11]. For in-
stance, the current Russia–Ukraine conflict has brought the issue of risk management to
the fore, as energy supply-chain reliability and resilience has been affected, forcing most
European countries to focus on alternative sourcing and the self-generation of energy in
order to become less reliant on Russian oil and gas [12]. However, to ensure countries can
make the switch towards more sustainable and renewable forms of energy, there must be
serious consideration of the development of suitable technologies and infrastructure to
bring renewables into a country’s overall energy portfolio. This requires detailed analysis
and development of the engineering, manufacturing and supply-chain capacity and capa-
bility issues in order to design, manufacture and implement the technologies and, thus,
necessitates the development of a suitable supply-chain strategy and suitable systems to
be developed. However, if manufacturing and supply-chain companies are of the opinion
that it is not within their interests to invest in renewables, then it is unlikely that countries
will reach their targets to become increasingly dependent upon renewable forms of energy.
Therefore, accurately identifying the barriers that limit engineering and manufacturing
companies from investing in and entering renewable-energy technology supply chains is a
critical issue that needs further development [10].

Barriers differ in that they are more concerned with existing external factors that may
impact the business [13]. Invariably, the existence of barriers plays an important part in
evaluating the risk to the business. However, these barriers need to be understood in their
own right [10]. The ability to minimize or even remove potential barriers can make a major
strategic difference to the initial decision to undertake a chosen direction as well as the way
in which the change is enacted [14]. Inevitably, there are common types of barriers that
exist across most business environments, and it is the way they impact a business that is an
important focus of attention.

Therefore, this paper has utilized the perception of risks and barriers to understand the
constraints within a supply chain to enable a detailed examination of the renewable-energy
sector. Risks are identified as “uncertain events” that have an impact on performance and
may have undesirable outcomes [15,16] and barriers in supply-chain management are seen
as blockages that need identifying and removing or easing to improve performance; the
first step in examining the sector is to identify these risks and barriers specifically for the
renewables sector [13,17]. Therefore, understanding of the potential risks and barriers that
a supply chain may be subjected to enables proactive strategies to be developed that further
enable the supply chain to either avoid the potential risk or, if that is not possible, to ensure
the risk itself can be adequately managed to minimize its impact on the supply-chain
performance both now and in the future [18–20]. The first step is to acknowledge there are
risks in the supply chain that need to be managed [21]. The authors of [6,22] identify the
need to understand the supply-chain barriers within the renewable sector to enable the
development and successful implementation of needed projects to meet renewable-energy
targets. This focus on developing effective solutions following the identification of the
risks and barriers is echoed by [23,24], who discuss that, rather than viewing barriers as
stand-alone issues that need to be targeted and removed, barrier identification should be
undertaken holistically, thereby ensuring solutions (termed bridges) can be adequately
developed and implemented. Thus, a detailed understanding of the holistic supply-chain
potential including risks and barriers is crucial to enable a full understanding of the range
issues affecting the system.
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The holistic nature of systems thinking enables a more informed understanding
surrounding dynamic decision making [25,26]. Ensuring the form of communication
and language used is visual and diagrammatic, by translating perceptions into explicit
pictures, highlights the key risks and barriers as a result of interaction between players
in the system. This approach enables both a useful communication tool to present the
perceptions and their interconnectivity but also enhances and informs discussions when
exploring future developments and improvements [26]. One particularly useful approach
towards understanding the dynamics of supply-chain systems is through using a casual
loop diagram, which enables development of a big-picture view [27]. However, exploring
the interrelationships within the system requires a more effective method to analyze and
characterize the nature of systems and explore the issues that prevent companies from
operating within the renewable-energy supply sector. Therefore, in this research, the
authors apply the theory of constraints (ToC) approach [28] to characterize the system, and
identify the key risks and barriers surrounding the reasons why companies are hesitant
to work within the renewables supply chain. The current reality tree (CRT) is used to
construct the diagram from which the analysis is carried out. To utilize the ToC approach,
we focused on risks as potential constraints and barriers as established constraints within
the system.

ToC identifies the potential bottlenecks (constraints) to the performance of a system
and/or process [17]. These constraints are identified through initially identifying undesir-
able effects (UDEs). These UDEs are effects that inhibit a system’s performance and, in the
context of this study, UDEs would be the perceived barriers and risks companies see as pre-
venting them entering the renewables supply chain [29]. Although, traditionally, the ToC
approach has been applied to single organizations as a primarily operations management
technique, there is evidence of ToC being applied within the supply-chain perspective [30]
and the understanding of a system from ToC analysis [7].

In a significant portion of ToC literature and case studies, the system tends to be
viewed as an individual organisation, albeit with influences coming in from the external
environment [31]. However, within this research, the ToC theory was applied across the
renewable supply chain; thereby, the system in this case was viewed as the whole supply
chain rather than an individual company (that is, all the tiers of the supply chain are
considered to ensure the full chain is characterized). This view of the system is in-line with
the concept of the extended enterprise [32]. The extended enterprise perspective aligns
well with the views of [17,33], who explore the idea that the system under consideration
in ToC can be a chain composed of many links, or networks of chains, thereby suggesting
its appropriate application and usage within supply-chain management. This system
perspective is further highlighted by [34] when they estimated only about 20 percent of
potential improvement initiatives are within the responsibility of an individual organisation,
whereas 80% involve the responsibility of other parties. The constraint-based approach to
performance improvement needs to recognize the importance of identifying the constraints
that prevent the supply chain and its members from achieving the necessary performance
requirements [30]. Again, reiterating the wider system approach. The renewable supply
chain is seen to currently have a variety of constraints that need to be understood in detail
associated with development and capacity expansion, especially given the short time scales
needed to meet the 2030 and 2050 targets [4,6].

Within the ToC approach is the Current Reality Tree (CRT) diagram, which enables the
existing and available system state to be presented [35], therefore allowing discussion to
develop on which constraints need to be tackled. The advantage of the CRT is that it enables
the development of a diagram that succinctly presents a problem scenario utilizing the
understanding of the perceived issues within a system [36]. It explores the issue via a cause-
and-effect approach allowing the identification and understanding of the interconnectivity
of risks and barriers which are the system constraints.

To summarize, the use of ToC in a supply-chain system has gained acceptance [37] and
can be seen to have been used as an appropriate management tool to explore and manage
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potential supply-chain improvements [38]. Utilization of the ToC has been effectively used
to explore the potential barriers within the UK food supply chain [39], where it outlined
ToC as an effective means by which businesses can manage and navigate those barriers.
Our research is focused on identifying and understanding the perceived risks and barriers
to the renewable supply chain both now and for future development. By viewing these
risk and barriers as constraints for capacity growth within the supply chain, we are able to
explore these perceptions through a ToC lens on the system, identifying any bottlenecks
(constraints) that would limit a sector from achieving its targets [17]. The ToC approach
not only offers a recognized systematic approach for exploring the renewable supply
chain’s current growth constraints but also offers a useful visual communication tool to
examine and discuss future strategic decision making to remove the barriers to future
growth potential.

3. Methodology

The research supporting this paper was split into three distinct phases [40]. Figure 1
shows a diagram of the overall research methodology. Phase 1 research resulted in the
identification of a series of risks and barriers affecting the development of renewable supply
chains. This information was obtained through three stage approach consisting of a com-
prehensive literature review, focus groups and individual interviews with industry experts.
Phase two involved a survey of companies in order to explore and identify any further
risks and barriers and also to understand the ways in which the companies recognized
these risks and barriers as potential issues in order of importance to the companies. Phase
three of the research built on the data gathered from phase one and two by applying the
theory of constraints (ToC) methodology in order to characterize how the barriers and
enablers impact a company’s motivations to invest its assets and enter the renewables
supply-chain sector. In particular, one of the key aspects of the ToC approach was adopted:
constructing a current reality tree (CRT) diagram. This diagram is useful to illustrate the
interconnectedness of the risks and barriers within the renewable supply-chain system and
to identify the key UDEs from which it is possible to provide solutions to remove these
UDEs. This phase is the main element for the analysis being presented in this paper.
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To explore the perceptions of risks and barriers in the renewable-sector supply chain,
phase one identified an agreed set of factors which were obtained from analyzing secondary
data and then validating this data through conducting a series of round-table discussions
with key renewables-sector stakeholders. The roundtable discussions provide a forum
for exploring group opinion with a variety of stakeholders, thereby offering an informed
starting point [40,41]. The round-table discussions included contributions from individuals
representing the Welsh Government, key renewable-technology companies and industry
sector bodies. The engagement of these stakeholders ensured a cross section of views
and opinions, encapsulating the perceptions of risks and barriers informing the study. In
addition, the authors undertook a series of semi-structured interviews with companies
currently operating within the renewable sector and industry bodies to discuss in detail
what these companies felt the risks and barriers were. This enabled the authors to determine
a more detailed and nuanced viewpoint from within the industry [40,42]. This triangulation
approach ensured a coherent and agreed set of risks and barriers as a robust foundation for
the research.

Phase two was focused on obtaining further information pertaining to the risks and
barriers in order to assess how they were perceived by a range of companies operating both
within and outside the renewable-energy sector supply chain [43]. Its purpose was to build
up further layers of information as to the barriers and risks and also to start to cluster and
categorize the outputs ready for phase-three modelling. The survey was sent out to over 500
companies. The survey was made available electronically in order to enable ease of access
and to make completion as straightforward as possible [44]. A total of 297 companies com-
pleted the survey with a range of; manufacturing, technology development, consultancy,
engineering, installation, and support and composites companies completing the work [45].
Importantly for the research, the companies encompassed three levels of engagement
with the renewable sector, namely, those companies currently working entirely within the
UK renewable-energy supply chain (representing 28% or 83 companies); those companies
whose portfolio included some UK renewable-energy supply-chain work (representing 46%
or 136 companies); and those companies not engaged in any way with the renewables en-
ergy supply chain (representing 26% or 78 companies) [46]. The segmentation ensured the
data captured views and opinions not only of companies within the renewable-technology
supply chains but also from companies yet to work within the sector. It was felt important
to elicit such views so we could explore perceptions of risks and barriers from those who
could potentially engage in the future and, therefore, enhance the latent overall capacity of
the supply chain.

Phase three of the research focused on characterizing the current state of the UK
renewable-energy supply-chain sector in the UK. This phase aimed an ‘making sense’ of
the complex arrangement of barriers and enablers and characterizing the way in which
they interacted with each other. To do this, the ToC method was employed. ToC allows for
the construction of a series of ‘trees’ that enable logical thought and systematic analysis
of how the risks and barriers interact. The ‘tree’ developed in this study was the current
reality tree (CRT). Utilizing the findings from phases 1 and 2 of the research methodology,
a detailed CRT was constructed which shows the complexity of interaction between the
elements and also provides the basis for solution generation.

The examination of the identified risks and barriers undertaken in phase two of the
research programme were used as the ‘constraints’ that impacted a company’s ability
to enter the renewables supply chain. Thus, by visualizing the risks and barriers as
constraints, it was possible to systematically build the CRT. The list of risks and barriers is
key to identifying the relative importance of each risk/barrier within the supply chain but
alone they could offer a linear comprehension. However, by utilizing the risks/barriers in
the form of constraints, it was possible to develop a CRT diagram that then gave a clear
sense of the constraint’s influence and interconnectivity within the system structure. The
CRT approach offers a useful methodology to explore the current system status and inform
discussions on how to develop the system to remove or reduce the impact of constraints
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both known and initially hidden [37]. The aim of the CRT was, therefore, to create a picture
and establish a set of reasons why there was resistance behind companies entering the
renewables supply chain.

To explore the validity of the constructed CRT diagram, a meeting was held with
renewable-industry experts. The diagram was presented and discussed to facilitate feed-
back and comments on the representation to refine the final version. This enabled dis-
cussions to explore whether the diagram did indeed offer a realistic representation of the
renewable sector as understood by the industry actors and, hence, can inform supply-chain
strategic decision making in the future.

4. Data Collected and Results

From the phase one and two research (secondary data analysis, round-table meetings,
large-scale survey and interviews) nine risks, five barriers and six undesirable effects were
identified. Each risk and barrier is identified alongside the percentage of respondents who
identified each risk and barrier in Table 1 below.

Table 1. Renewable supply chain risks and barriers.

Risks (Percentage of Respondents in Brackets) Barriers

Planning issues (54%)
Too much of a distraction from core business (54%)
Too competitive, may have already lost out (30%)
No perceived long-term opportunity (21%)
Capacity constraints (39%)
Perceived uncertainty in sector (70%)
Lack of knowledge of the sector (86%)
Lack of policy and financial investment in sector (92%)
One-off projects; lack of continuity (86%)

Bureaucracy and planning constraints (36%)
Networking of supply chain members (28%)
Presence of large international companies
limiting opportunities for SMEs (29%)
Adaptation of expertise (20%)
Readiness of supply chain to respond (72%)

The authors then assembled a team of experts made up of academics with specific
knowledge and expertise in renewable supply chains and supply chains in general, CEOs
of engineering and manufacturing companies who work within and outside the renewables
sector, government support agencies that focus on innovation and manufacturing support
to the industry and sector skills councils from the renewables sector. Alongside the infor-
mation gained from the research phases of study, the team’s joint expertise was used to add
to the existing research knowledge base. The team members came to a consensus over the
identification of the three key constraints of the system. The key constraints are seen as the
three major issues that are deemed to cause problems for engineering and manufacturing
companies to enter the renewables supply chain. From these three constraints, it was then
possible to add further causes and effects that eventually connect the constraints together
to create the CRT. These key constraints were:

1. Poor supply-chain readiness (inability to respond quickly and correctly to opportunities).
2. Lack of suitable policies and government investment in renewables infrastructure

(leading to a lack of opportunities for supply-chain companies).
3. Lack of knowledge of the sector by engineering and manufacturing companies (mean-

ing that supply-chain companies are resistant to investing in the sector for fear of a
poor return on investment).

The team then discussed the key constraints in turn and identified the six main UDEs.
The UDEs offer a cause and effect relationship between the UDE and key constraint. There-
fore, in the case of poor supply-chain readiness, this constraint is primarily caused by
companies having no clear strategic direction to identify specific technologies to develop
and companies not having the resources to support new technologies. Table 2 shows
the UDEs and key constraints. In the construction of the CRT, the UDEs are mapped
into the CRT in order to understand how the UDEs impact the system performance. Fig-
ures 2–6 show the overall CRT and how the UDEs connect to the key constraints in a
causal relationship.
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Table 2. UDEs developed from the key constraints.

Key Constraints Key UDEs Identified

Poor supply-chain readiness

1. Companies have no clear strategic direction to identify
specific technologies to develop

2. Companies do not have the resources to support
new technologies

Lack of policy and investment

3. Investment in renewable-energy technologies currently
focused on service/maintenance and high-value
manufacturing opportunities are being lost

4. Lack of a clear strategic development programme which
is needed to align companies and lead the way

5. Welsh supply-chain companies’ readiness to respond
is poor.

Lack of knowledge of sector 6. Company readiness levels are limited and not fit for
current demands

In order to construct the CRT, further information was used from the survey to build
the tree and join the UDEs together. The survey identified that companies felt that the
successful conversion from planned projects to actual projects was too low and, thus,
represented a significant financial risk to the companies involved. Therefore, companies
chose to remain with their existing customer base rather than take the risk of moving into
the renewable supply-chain sector.

This risk is coupled with the perception that renewable-technology projects are fre-
quently seen as ‘one-off’ projects and, thus, do not offer continuity for sustainable business
growth. Understandably, such a significant concern over the sustainability of business
opportunities was felt by many of the respondents. Particularly where companies are
considering diversifying from their established areas of business, uncertainty is created
and encompasses a significant risk for the business to consider; one that may prove too
strong to ignore [47].

Alongside the concerns over the continuity or availability of opportunities to work
within the sector, many of the respondents ranked the risk surrounding a lack of knowledge
of the sector by the manufacturing and engineering companies as being another key area of
concern. Whilst companies considered their engineering and manufacturing capabilities
sufficient to operate within the renewables sector, it was the lack of sector knowledge
(sourcing, investment levels, and supplier networks, etc.) that led to hesitancy in entering
the market. Therefore, companies needed to have clear and well-developed information
about the sector, the type of work and a realistic assessment of the risk and investments
needed before they would consider entering the renewables sector.

Thus, there is a need for those shaping the sector to create an environment where
the benefits of entering the renewables sector are clear as well as the way that growth
opportunities are communicated to a wider business audience and, indeed, the way they
are seen to address the key perceived risks.

A further key issue highlighted from the research was the perceived bureaucracy and
planning constraints that relate to the siting and building of renewable-energy platforms.
Lengthy planning processes and lengthy appeals processes mean that companies are
reluctant to plan and maintain assets in readiness for a possible project, particularly one
in which companies feel they have little opportunity to affect or influence. The remaining
barriers are more clearly in the realm of the renewable sector and businesses interested in
engaging in the supply chain [11].

Furthermore, companies explained that it is critical that the main stakeholders within
the sector should communicate the economic opportunity more effectively, particularly to
those companies that are not already engaged and, thus, are outside the community. To
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achieve the required capacity of new companies entering the supply chain, it is important
that the focus of an activity is not simply on working with companies already operating
within the sector but also reaching out to companies not currently engaged and to work
with them to ensure their involvement and commitment going forward.

In summary, the results of the multi-phased research enabled the authors to highlight
the key risks and barriers as well as the key constraints and the undesirable effects from
the perception of industry. This information was utilized in phase three of the research
programme to develop a ToC/CRT diagram.

5. Development of the CRT

The original question that was established at the initiation of this research was used as
the central consideration in the development of the CRT system diagram. The overarching
constraint in the system is that “Insufficient engineering and manufacturing companies
are entering the UK renewable-energy supply chain”. The CRT utilizes a cause-and-effect
logic approach, allowing the researcher to explore perceptions surrounding the challenges
and factors and, therefore, investigate UDEs. In terms of supply-chain capacity growth,
especially the potential need for rapid capacity growth, the readiness of the supply chain to
respond was seen as key. Figure 2 shows the basic construction of the CRT with the three
key constraints feeding into the overall system problem.
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Therefore, at the first level of the CRT, Figure 2 shows that when there is a combination
of; poor supply-chain readiness along with a lack of suitable policies and government
investment in renewables infrastructure and a lack of knowledge of the sector by engi-
neering and manufacturing companies, this leads to the key problem, in that insufficient
engineering and manufacturing companies are entering the UK renewable-energy supply
chain. From here, the CRT is then developed by working downwards to attach causes to
each of the main constraints. In doing so, a CRT for each constraint is developed that shows
the cause and effect relationships that cause the constraint to occur.

6. Discussion

CRT diagrams for each of the three identified constraints are shown in Figures 3–5.
This led to a detailed representation of the interconnectivity of the issues and discussed
factors with the stakeholders. The exploration of these detailed diagrams illustrates the
modelling of the interconnections that are present within the system. As an example of
how the CRT is constructed, the first of the key constraints is Poor Supply-Chain Readiness,
illustrated in Figure 3. Working downwards from this constraint we can see that the two
main issues that lead to the key constraint are “There are insufficient networks around
the development of renewable energy technology supply chains” and, “Companies lack
a clear strategic direction to identify specific technologies to develop”. Both issues are
connected together by an ellipse before going into the main constraint. This indicates that
both issues work together in the form of an ‘And’ gate, contributing to the main constraint.
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Working down to the next level in the tree, we see that the next set of issue identified are
“Companies do not have the resources to support new technologies”, ‘And’ “Companies
do not see suitable support coming from government to assist in developing renewable
energy technologies” ‘And’ “Many renewable energy technologies exist but companies are
not given clear guidance as to which technology to develop”. These three issues working
together lead to the creation of the constraint above, namely, “Companies lack a clear
strategic direction to identify specific technologies to develop”. Moving further down
the tree and the next three issues, “Companies are fully engaged with current clients to
risk investing in renewable energy technologies” ‘And’ “renewable energy technologies is
seen as requiring major changes that are least afforded by companies” ‘And’ “Company
resources are fully employed, and bad experience of past projects inhibit future develop-
ment” working together, lead to the creation of the constraint “Companies do not have the
resources to support new technologies”. The team worked down the tree in the same way,
working out the interconnectivity and interlinkages between the elements of the tree.

Two elements stand out for the degree to which they are potential bottlenecks in the
system. Firstly, the lack of resources that companies need to support new technologies is a
culmination of preceding factors, which would suggest a significant area to be addressed for
this part of the system to be improved. The need for a clear strategic direction identifying
specific technologies to develop is a second area of constraint. Adopting the systems
perspective would suggest that attention here can have a greater return on the system.

The second key area of the CRT relates to lack of policy and investment, shown in
Figure 4. The CRT identifies the issues around the need for a clear renewable-energy
strategic development programme. Thus, themes emerge from the CRT that can enhance
the way that the overarching system is enhanced. The final key area shown in Figure 5
appears a little more straightforward to understand, as there is a clear element where
factors are coalescing; namely, the company readiness levels being unfit to meet future
demand. Once again, this resonates with the strategic aspects already identified in the
previous two key constraints, as the lack of clear direction inhibits the ability and capacity
for companies to develop requisite skills.

As indicated from the more detailed breakdown of the three key areas in the CRT,
the goal is to understand the interconnectivity and relational factors to highlight potential
bottlenecks and, hence, open discussion surrounding the UDEs of the system under exami-
nation [37]. Figure 6 shows the full CRT with all three key areas interlinked. The impact
of such an approach is to show the complex interactivity of the issue and how, through
identifying and eliminating of the key UDEs that are constraints in the system, supply-chain
growth can begin. By identifying the key UDEs, the system can then focus its attention
on resolving or minimizing their effect to improve the performance of the whole [29].
Inevitably, parts of the system will have different impacts, both positive and negative. Thus,
for effective change to take place, the most fundamental bottlenecks are where resources
should be targeted. Indeed, the process of developing the CRT diagram and recognition of
UDEs is an important opportunity for discussion and further understanding of the way
the system operates, reflecting the learning inherent in utilizing systems thinking. The
construction of the CRT high-level diagram outlined 45 separate factors associated with
exploring the overall statement ‘Insufficient engineering and manufacturing companies
are entering the UK renewable-energy supply chain. Thus, the CRT diagrams were exam-
ined to identify the most problematic UDEs highlighting the factors with the majority of
interconnectivity links. From this, analysis of six key UDEs can be discerned, as illustrated
in Table 2. Therefore, to improve the capability of the system to increase capacity in the
renewable supply chain, there is a need to focus on the six key UDEs.
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To effectively explore UDEs and outline the ToC constraints in the system, the research
then assessed each UDE in terms of the risks and barriers used to drive the investigation
(outlined in Table 1). From the perspective of supply-chain readiness, the two key UDEs
identified brought to the forefront risks surrounding ‘uncertainty development’ and ‘lack
of continuity’ and the barrier surrounding the ‘adaptation of expertise’. Under the policy
and investment section of the diagram, there is a focus on the risks ‘competitiveness’, ‘lack
of knowledge of the sector’ issues and primarily connected to the barriers such as ability of
to ‘connect to supply chain members’ and ‘the readiness to respond’ factors. In the skills
section of the CRT, one key UDE was highlighted and is found to be particularly focused on
risks such as ‘uncertainty development’ and ‘lack of knowledge of the sector’ and is a direct
result of barriers such as ‘adaption of expertise’ and ‘readiness of business to respond’.

The analysis of the key UDEs highlights the urgent need for policy development and
intervention to promote the needed environment for sector development and strategic-
direction guidance. This finding aligns well with the policy risk analysis conducted by [48].
What also becomes clear when focusing in on the six key UDEs and their contributing risks
and barriers is the needed focus on skills development both within specific renewable-
technology areas but also in supply-chain knowledge and development. This has the added
advantage of increasing and developing knowledge and opportunities for innovation
and performance improvement, as the recognized supply-chain system and collaborative
relationship density increases [49]. As a result, there is the potential for a positive impact on
supply-chain performance, readiness, and competitiveness opportunities [50]. Interestingly,
skills development as a barrier to the adaption of expertise is ranked quite highly, which
aligns with [51] indicating this is still an issue 21 years on.

Adopting a design thinking approach to the renewable supply chain provides the
advantage of looking at the problem as an extended enterprise holistic system. As stated
by [37], “In ToC parlance the design thinking can help discover hidden constraints of a
business problem and help design a solution which is technologically feasible and strategi-
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cally viable to overcome constraints”. Hence, from the ranking exercise achieved by the
survey combined with the interviews and round-table discussions, an understanding of
the importance of each risk and barrier in relation to each other and the overall view of the
respondents was used to develop the ToC CRT diagram. This enabled us to explore how
the perceived risks and barriers are connected and, therefore, examine how the hard and
soft indicators within cause and effect are identified [52].

The identification of the key UDEs and their associated risks and barriers, although
interesting, is only step one. Detailed cause-and-effect analysis is needed to fully explore
the root causes. This will then allow research into, and the construction of, a future reality
tree (FRT) and, therefore, enable detailed discussion around moving from the CRT to the
future reality tree [33,52]. It is clear from the ToC mapping presented in this discussion
where the significant aspects of further study should be focused. Indeed, this is where the
value of the methods we are exploring in this paper are most evident. The UDEs evident
in the analysis are significant factors that will inevitably impact on the ability to meet
ambitious targets such as the UN Sustainable Development ambitions for 2030. A vibrant
renewable-energy sector underpins the ambitions of many of the UN Goals, not only in
the generation of sustainable, climate-friendly energy sources but also in the creation of
employment and sustainable communities [53].

7. Conclusions and Recommendations

Through a multi-phased research approach, the authors were able to obtain critical
information on why manufacturing and engineering companies did not enter the renewable
energy sector. Phases 1 and 2 of the research study involved; secondary data analysis,
round-table meetings, a large-scale survey and interviews. From this, nine risks and five
barriers to entry into the market were identified. Further analysis of the risks and barriers
(Table 1) along with further survey feedback led the expert team to identify the three key
constraints which were deemed the major reasons as to why companies did not enter the
renewables market. From here, six undesirable effects were identified which acted as the
causes of the constraints (Table 2) and, from there, the CRT could be constructed to show
all contributing factors.

The study identified that three key constraints were present in the system. They
included; poor supply-chain readiness leading to a company’s inability to respond quickly
and correctly to opportunities, a lack of suitable policies and government investment in the
renewables infrastructure (which leads to lack of opportunities for supply-chain companies)
and a lack of knowledge of the sector by companies, meaning that supply-chain companies
are resistant to investing in the sector for fear of poor return on investment. All three
constraints, either individually or combined, play a key role in why companies do not enter
the renewables supply chain.

The ToC CRT was effective in that it allowed the research to develop a holistic view
of the renewable-technology supply chain with a view to exploring the implications and
challenges of the rapid capacity growth needed to supply sufficient technology to meet
renewable-energy usage targets over the next 30 years. Analyzing a supply chain can be
highly complex; however, adopting this high-level system view allowed an exploration
of the key issues from a strategic level. Utilizing the CRT approach to analyze the system
indicated six key UDEs to focus on to enable capacity growth within the sector. Thereby, the
need for a multifaceted approach to developing the capacity in the renewable-technology
supply chain was highlighted.

Taking a systemic view, utilizing ToC as a tool stimulates communication and dis-
cussion of identified factors, i.e., the risks and barriers, by a range of stakeholders. Such
interaction is critical to inform future development, e.g., planning and policy making. It
cannot be left to individual companies to make the necessary changes; a systems approach
considering development of the holistic supply chain, as well as policy-level intervention,
is required. What is clear when analyzing the holistic system is that this multifaceted ap-
proach will be needed to enable capacity growth in the renewable-technology supply chain
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to occur in a sustainable fashion, ensuring a resilient industry sector for the future. Thus,
applying ToC methods can realize value for a range of stakeholders and is an approach to
be advocated for to fully understand and develop a system’s capacity and capability.

Utilizing an iterative approach to the development of the CRT further reflects the
systems thinking that informs the study, recognizing the importance of a non-linear method-
ology, underpinning the validity of the ToC. Furthermore, we promote the ToC as a suitable
method to critically understand a system in its entirety, so that the most opportune inter-
vention can be made to enable stronger performance.

As the global factors impacting energy supply continue to ripple through economic
confidence, the opportunity for a stronger strategic direction to be identified and com-
municated is necessary if companies are to provide the capacity growth required for UK
provision. Combining these outputs with the phase 1 round-table discussions and inter-
views, it is possible to determine that both government and the renewables sector must
play a key role in assisting companies to enter the renewables market by committing to
renewables and opening markets that allow companies to have the confidence to invest
and compete within the sector. Likewise, the overly bureaucratic issues around planning
are seen as an inhibitor to companies’ readiness to respond to the opportunities offered in
the renewables market. This issue further connects the fear that there are already too many
international competitors in the market and that Welsh companies would find it difficult
to break into this market when supply chains and the level of technical knowledge of the
sector is not yet fully developed.
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