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Abstract: Offshore wind has developed significantly over the past decade, and promising new
markets are emerging, such as Brazil, South Africa, India, Poland, and Turkey. As logistic transport
activities increase complexities, developing regional supply chains can help to reduce costs and
enhance the sector’s competitiveness. This article proposes a framework for the industrial devel-
opment of the offshore wind supply chain in new markets. This study is grounded in a systematic
literature review and is validated through a multi-case study, identifying key variables and factors
influencing industrial growth. Adopting a process-based approach, factors and variables were mod-
eled into a framework, encompassing the following four phases: (1) demand assessment of a new
sector, (2) sectorial and industrial planning, (3) industrial development and maturity, and (4) sectorial
and industrial renewal or decline. Each phase brings together a group of policies. Our findings
show the policies’ interrelations. These results complement the few studies that have examined the
industrial development process, providing a clear guide as to the process for the development of the
offshore wind industry in specific regions. Thus, the framework provides elements that contribute
as a valuable tool to the debate, structuring, and development of public policies for the industrial
development of a new sector.

Keywords: industrial development; industrial policies; supply chain; offshore wind; sustainability

1. Introduction

Both energy transition and economic decarbonization have received great interest from
governmental and industrial stakeholders, which is driven by the increasing need to tackle
the issue of climate change. Offshore wind energy has become one of the main alternatives
for this purpose and is hence estimated to reach an accumulated global installed capacity
of 2000 GW by 2030. Despite its novelty, the sector is reaching its maturity. Advancements
in engineering and global supply diversification have supported the levelized cost of
energy (LCOE) reduction, increasing technological competitiveness. However, reaching its
maturity, the dramatic price reductions experienced in the last decade are likely to slow,
and future cost fluctuations are expected to reflect supply chain aspects such as commodity
(steel and copper) and logistics costs [1]. To support the development of its global potential,
the supply chain’s industrial development in geographical markets that have identified
offshore wind potential is clearly necessary.

In terms of new markets, offshore wind is emerging as an alternative not only due
to LCOE decline but also due to high decarbonization targets, the attractiveness of invest-
ments, and job creation [1,2]. The offshore wind energy industry emerged in Denmark as
a result of an extension of the onshore wind industry to offshore locations [3], which is
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driven by a higher capacity factor [4,5]; turbines with a greater generation capacity [5]; a
more constant feed-in with fewer outliers and a lower correlation [6,7]; and the greater
availability of space for implementation [4]. However, this new industry started to present
divergences from onshore wind and synergies with other already established industries,
such as the maritime industry and offshore oil and gas [3,8]. Thus, considering its ad-
vantages and the experience acquired from other sectors globally, offshore wind has been
growing significantly in recent years [9].

As offshore wind turbine technology has developed, from a nominal power of 3 MW
in 2000 to 18 MW in 2023 [1], and acquired greater dimensions and complexity, the supply
chain began to face challenges. Thus, for offshore wind to reduce logistic challenges,
reduce costs, and enhance the competitiveness of the new market, its industry needs to be
developed locally in new and emerging markets [10,11].

Economic geographers have developed studies on the emergence of new industries [8],
which is one of the greatest challenges for the area [12]. Two concepts are used in the litera-
ture on economic geography—path dependence and path creation. The path dependence
theory is based on the assumption that new industries emerge through the recombination of
resources from established industries and activities in the region [12,13]. The path creation
theory considers that industries emerge both from the development of existing industries in
a new region and from the emergence of new industries based on new technologies and/or
scientific discoveries [14]. While still unfolding, the evolutionary theory of creating paths
considers that regional paths are based on the existing economic structure of a region [12]
and contribute to the enhancement of competitiveness [15].

The literature on the development of industrial paths can guide the understanding
of how the offshore wind industry can develop in new regions that have wind potential
such as Brazil, South Africa, India, Poland, and Turkey, among others [10]. However,
although the literature presents factors that influence the development of the offshore wind
industry in specific regions [16–20], there is a gap in the process that must be followed for
its development, giving rise to the present research question. Thus, this article aims to
propose a framework for the industrial development process of offshore wind power in
new markets, using a process-based approach.

This article has five sections. Section 2 describes the methodology used in the research.
Section 3 contains the literature review on the development of new industrial paths and
the development of the offshore wind industry. Section 4 undertakes a multi-case study on
the offshore wind industry’s development in mature and emerging markets worldwide.
Section 5 presents the framework with a description of its measures. Section 6 contemplates
the conclusions and presents recommendations for future studies.

2. Materials and Methods

The research procedure was developed in four stages (Figure 1). The first stage in-
cluded a systematic literature review (SLR), which involved the planning (research problem,
keywords, databases, and the criteria for surveying the articles); survey; reading and tab-
ulation of results; and analysis [21]. The research problem was defined by identifying
the importance of offshore wind industry development close to the offshore wind farm’s
installation regions. In this sense, the research question was defined as follows: how should
the industrial development process of the offshore wind supply chain in new markets
be designed?

The SLR involved reviewing literature pertaining to path creation; the development
of the offshore wind industry; and synergies between the offshore wind supply chain
and the existing onshore wind and oil and gas sectors. Keywords were selected and
used to carry out the survey using (i) the CAPES Journal Portal, which brings together
more than 100 databases including SCOPUS and the Web of Science, (ii) the semantic
scholar search engine and (iii) the Connecting Repositories (CORE) repository. The title,
abstract, introduction, and conclusions of each article were examined in order to determine
its inclusion in the study or not. It was observed that several works focused on the
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development of the offshore wind energy as a whole or on specific offshore wind projects.
In total, 77 articles concentrated on the industrial development of the offshore wind sector.
These articles were processed using the Mendeley software version 1.19.8. A thorough
complete reading and analysis of each document was then conducted using Microsoft Excel
as a support tool to record pertinent information. After analyzing each article, a further
30 publications were identified as relevant to the scope of the study and were hence also
added, producing a total of 107 articles. The analysis of this set of articles resulted in the
identification of the factors and variables discussed in this study.

Energies 2024, 17, x FOR PEER REVIEW 3 of 24 
 

 

  
Figure 1. Research procedure. 

The SLR involved reviewing literature pertaining to path creation; the development 
of the offshore wind industry; and synergies between the offshore wind supply chain and 
the existing onshore wind and oil and gas sectors. Keywords were selected and used to 
carry out the survey using (i) the CAPES Journal Portal, which brings together more than 
100 databases including SCOPUS and the Web of Science, (ii) the semantic scholar search 
engine and (iii) the Connecting Repositories (CORE) repository. The title, abstract, intro-
duction, and conclusions of each article were examined in order to determine its inclusion 
in the study or not. It was observed that several works focused on the development of the 
offshore wind energy as a whole or on specific offshore wind projects. In total, 77 articles 
concentrated on the industrial development of the offshore wind sector. These articles 
were processed using the Mendeley software version 1.19.8. A thorough complete reading 
and analysis of each document was then conducted using Microsoft Excel as a support 
tool to record pertinent information. After analyzing each article, a further 30 publications 
were identified as relevant to the scope of the study and were hence also added, producing 
a total of 107 articles. The analysis of this set of articles resulted in the identification of the 
factors and variables discussed in this study.  

The second stage considered a multi-case study of the industrial development of the 
offshore wind sector in mature (Denmark, Germany, United Kingdom and China) and 
emerging markets (Taiwan and United States). Denmark was chosen due to its pioneering 
status in the offshore wind sector, having a share of more than 47% of its electricity coming 
from wind sources [22], having major turbine manufacturers located in the country, and 
having research centers that are world renowned for their offshore wind sector research 
and innovation activity [23]. China has the largest offshore wind installed capacity and 
owns major global main turbine suppliers [24]. The United Kingdom (UK) has the second 
largest offshore wind installed capacity [24] and, similarly to many countries with emerg-
ing markets, has a developed offshore oil and gas industry. These factors make the UK a 
relevant case study for the industrial development of the offshore wind sector. Germany, 

Stage 1: Systematic literature review
SLR Planning
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Abstract and introduction
reading was used to verify
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Complete read of the articles
and creation of databases for
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objective, results, and main
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Conjoint Analysis
Considering the information in
the SRL, factors and
variables were identified. An
affinity diagram was also
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Stage 2: Multi-Case research
Case Planning
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offshore wind industry
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Survey information 
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Case Analyses
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articles, online information,
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Inter-Case Analysis
Using a matrix information
was analyzed for obtaining
factors and phases of the new
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Stage 3: Factor systematization
Considering the information of the stages 1 and 2, key factors were identified in the industrial development in a new sector. Using
an affinity diagram, factors were grouped.

Stage 4: Framework modeling
The modeling was realized throughout the iteration procedure: modeling, analysis and improvement. The final version was
obtained on the fifth iteration.

Figure 1. Research procedure.

The second stage considered a multi-case study of the industrial development of the
offshore wind sector in mature (Denmark, Germany, United Kingdom and China) and
emerging markets (Taiwan and United States). Denmark was chosen due to its pioneering
status in the offshore wind sector, having a share of more than 47% of its electricity coming
from wind sources [22], having major turbine manufacturers located in the country, and
having research centers that are world renowned for their offshore wind sector research and
innovation activity [23]. China has the largest offshore wind installed capacity and owns
major global main turbine suppliers [24]. The United Kingdom (UK) has the second largest
offshore wind installed capacity [24] and, similarly to many countries with emerging
markets, has a developed offshore oil and gas industry. These factors make the UK a
relevant case study for the industrial development of the offshore wind sector. Germany,
with the third largest installed capacity, is also one of the main suppliers of components for
the offshore wind sector [24,25].

Taiwan is an emerging market that has recently promoted the development of its
offshore wind sector including its local supply chain. It has implemented public policies
that have attracted investors in offshore wind power farms and has defined specific targets
for regional industrial development [26,27]. Unlike Taiwan, the United States has a policy
of national protectionism [24]. Considering both mature and emerging markets, this case
study analyzes policies designed to promote the development of the new offshore wind
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sector and consequent national supply chains. These perspectives are important for any
proposed framework since they can identify and validate effective policies and hence
facilitate the development of the offshore wind sector in new markets.

The third stage included the systematization of identified factors utilizing SLR anal-
ysis and multi-case study information. The data gathered during the SLR analysis were
validated, and additional factors identified by the case studies were added. An affinity
diagram was used to structure the information gathered in terms of its life cycle. The
affinity diagram is used to identify actions that form part of industrial development in new
markets using life cycle assessment (LCA) information. Figure 2 presents the developed
affinity diagram.
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The fourth stage consisted of industrial development modeling for the offshore wind
supply chain in new markets. In this stage, a process-based approach was used to define
the phases and policies. The modeling followed a model proposal, critical analysis, and
improvement cycle. Five cycles were carried out in order to generate the final version of
the framework.

3. Literature Review
3.1. New Industrial Path Creation

The evolution and creation of new paths began to be studied by economic geographers
in order to explain the evolution of an industrial or economic sector, analyzing which factors
are responsible for its emergence and what types of mechanisms explain the creation of a
new path [28].

In each region, industrial development can take place in different ways. Thus, evo-
lutionary economic geography (EEG) studies the role of each region in promoting devel-
opment. To promote regional development, it is important to ensure the extension of
paths through the promotion of the existing industry (with incremental innovations) and
to stimulate the development of new paths (supporting the emergence of new industries)
through path renewal and path creation [14].

The renewal of paths occurs with the branching out of companies into activities and
sectors that are different from their original activities but which have a certain synergy.
The creation of new paths can occur in two ways: (1) with the development of established
industries that are new for the region or (2) the emergence and growth of new industries
based on new technologies [14].

The development and evolution of a new regional industry is influenced by the
historical industrial conditions in the region [13], such as pre-existing resources, skills,
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abilities, or experience of local sectors [29]. Figure 3 shows the emergence and evolutionary
process of a new industry.
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Thus, the environment in which the industry is being developed may have a positive
influence, enabling the creation and emergence of new technologies and industries, or
negative, restricting them [30]. Steen’s (2016) model shows how established regional
industries can influence the emergence of new industries as illustrated in Figure 4 [31].
Regions that present assets with synergies to the industry have considerably enabled
development, as they rely on factors and conditions that lead to spillovers [32,33].
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The creation of new paths depends on the articulation of four elements: (1) regional
assets, (2) key actors, (3) mechanisms of path creation and (4) multi-scalar institutional
environment and policy initiatives [19,34]. Regional assets can be categorized into natu-
ral (natural resources), infrastructure and material (a range from road to maritime port
infrastructure and zones intended for manufacturing companies), industrial (regional com-
panies technology and skills), human (labor and knowledge) and institutional (norms and
roles) [13,19,31,34].

Key actors may enable new path development according to regional strategies such
as the establishment of R&D initiatives, incentives for the formation of start-up and spin-
off companies and the promotion of financial investment [8,19,29,35,36]. Among the
mechanisms that can influence the emergence of new industrial paths, it is possible to
highlight the following:

i. Indigenous paths: the emergence of new technologies and industries in a region with-
out the need for a regional technological background and/or pre-existing skills [13];

ii. Transplantation: new paths can arise through the importation of foreign technologies,
companies, and industries through an exogenous process [13];

iii. Industrial base upgrade: restructuring and improving the industrial base or introduc-
ing new products and services [13];

iv. Diversification: this path involves industries that are in decline and have branched out,
starting to act in new industries which have synergies of activities, knowledge, and
resources with their existing industry [13,37]. It can also occur in emerging industries,
such as offshore wind, which has branched out from the onshore wind industry [38].

Finally, the element of multi-scale institutional environment and political initiatives
refers to rules and norms at the local and regional level, which should influence and
mediate the interaction between assets, actors, and mechanisms [19,39].

In addition to the discipline of economic geography, the literature on the theory of
technological innovation systems (TIS) has also been employed to analyze the development
of innovation systems. An innovation system corresponds to the dynamics of agents for
the development of a new technology [40]. According to TIS, the development of a new
technology, such as offshore wind, follows some key functions: entrepreneurial activities,
influence on the direction of search, generation and dissemination of knowledge, market
formation, legitimacy of technology, resource mobilization, and development of positive
externalities [40,41].

Entrepreneurial activities correspond to the engagement of private companies in
an industry, whether through participation in projects, the diversification of companies
into new sectors, or the emergence of new companies, among others. The influence to
attract a market corresponds to the incentive or support provided to attract companies
and organizations to develop in that market. This support can occur due to the vision and
expectation of the market’s growth potential, the establishment of goals, the development
of the market in other countries, crises in existing markets, and policy and regulation,
among other measures [41].

Knowledge can be considered the basis of the path creation process and can be devel-
oped by private companies or research institutes and universities. Furthermore, knowledge
can be shared and disseminated through networking, partnerships, and project collabora-
tion. Market formation is necessary, as new products and technologies do not have market
segments. Therefore, those segments must be created by the key actors by the provision of
subsidies, government programs, and standardization, among others [41].

On the other hand, the legitimacy of technology aligns a new industry with the
context and promotes its acceptance. Thus, legitimacy is responsible for determining how
much technology is accepted by actors (private, public and civil society in general) so that
resources are mobilized and acquire strength in the market and politics [41].

Resource mobilization corresponds to the mobilization and allocation of financial
resources. These resources can be provided both by private sources such as angel investors,
venture capital, commercial and investment banks and by the government for encouraging
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R&D and market subsidies. In addition, it can also correspond to capital for investment
in human resources. These key resources can together influence the emergence of a new
industry. In this sense, a region that does not have one of these resources may have
restricted deployment [42–44].

The development of positive externalities can be promoted by the entry of new com-
panies into the market. The entry of these companies can influence other functions and
thus reduce initial uncertainties both pertaining technology and to the market in addition
to favoring the legitimacy of technology [41]. In the course of industrial development,
an industry may encounter path exhaustion due to impediments in its developmental
trajectory. This phenomenon becomes apparent when an existing industry is unable to
respond to emerging technologies or compete in the market and region [14,45].

In summary, Martin’s model of evolution [29], the elements for creating new paths for
identified mechanisms, and the functions of TIS for the development of an industry can be
considered jointly as a basis for the industrial development of a new sector.

3.2. Offshore Wind Supply Chain Industrial Development
3.2.1. Offshore Wind Supply Chain

An offshore wind supply chain is characterized by accelerated technological evolution,
a high level of uncertainty, and market dynamics shaped by the political environment and
the complexity in transporting turbine components [46]. Thus, a regional supply chain is
necessary to enable the development of the sector in a region where there is wind potential.

An offshore wind energy supply chain can be categorized into four phases (Figure 5): a
development and concession chain, an installation and commissioning chain, an operations
and maintenance chain, and a decommissioning chain [47,48].
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The development and concession phase involves classical project development activ-
ities , such as R&D, elaboration of surveys, planning activities, financing, and licensing,
among others. The installation and commissioning phase covers the design, manufactur-
ing and assembly of components, as well as their on-site installation and commissioning.
The operations and maintenance phase covers the operation and maintenance activities,
whether preventive, predictive or corrective. The decommissioning phase involves activi-
ties related to the decommissioning of wind farms, site restoration and final disposal of
structures [47,48].

3.2.2. Synergies with Other Industries

The offshore wind sector emerged from its onshore wind power counterpart. . How-
ever, as a result of its technological evolution, the products and processes in its supply chain
are increasingly different from those of onshore supply chains [3], bringing challenges and
causing a branching of the sector known as a decoupling point. This decoupling point has
been reached as technological development has allowed larger offshore wind farms to be
established further from the coast [49].

The manufacture of the first offshore wind turbines was undertaken using existing
technology from onshore companies. However, it was observed that due to the placement
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of the turbines in more severe environmental conditions, caused by the salinity of the
water, waves, and storms, the structure used by the onshore technology needed to undergo
adaptations for offshore use [50].

In addition, an offshore wind farm necessitates a greater level of technical robustness
and reliability due to limited maritime access caused by weather conditions and distance
from the coast. Thus, technical challenges arise not only for turbine manufacturers, who
must adapt their turbines to new conditions, but also for suppliers of foundations, towers,
construction equipment, and vessels, among others [5,51].

Other existing industries that have experience in related activities have contributed to
the industrial development of offshore wind, namely the maritime industry (especially the
O&G industry) and the shipbuilding sector [52,53]. The maritime industry has provided
companies with the offshore wind supply chain, contributing to the development of this
new sector. The services provided by these companies include offshore maritime services,
support vessels, towing, lifting, and supply [53]. The offshore O&G industry is one of
the industries that has most significantly contributed to the development of the offshore
wind supply chain. The O&G supply chain has three main parts: upstream (concession,
exploration, installation, production, and abandonment), midstream (processing, storage,
and transport by tanks and pipelines to the refinery where it will be processed), and
downstream (distribution and sale of the product) [54].

The upstream O&G supply chain, in particular, is similar to the offshore wind supply
chain, with area development activities, auction and concession, installation, production,
and decommissioning [54]. Due to their similarities, some equipment and knowledge
have been adapted to the offshore wind market. In addition, there is also an institutional
overlap, where parameters, safety standards, regulations, and licensing processes have
been developed, drawing on the expertise of the O&G sector [55].

The O&G industry contribution is concentrated in some segments of the offshore
wind supply chain, namely project management, foundations (tripods and jacket), castings
and forgings, tower, cables, substations, construction vessels, installation (equipment,
support services), O&M services (emergency vessels and services, solutions for safe access
to offshore structures), and surveying [56].

The shipbuilding industry indirectly influences the development of the offshore wind
industry. Offshore wind companies can also benefit from the facilities and expertise of
the maritime industry due to direct access to the open sea, the availability of deep-water
ports, and large coastal areas needed for the production, inventory, and pre-assembly of
components [57].

3.2.3. Offshore Wind Supply Chain Development

Offshore wind is not characterized as a completely new technology but rather as a di-
versification of onshore technology. Thus, the emergence of the offshore wind industry has
been greatly influenced by existing onshore wind supply chain in a given region, favoring
the industrial development of an offshore wind chain [19]. The industrial development
of a supply chain in new markets can occur with the concentration of related companies
and organizations in a certain region, forming clusters, especially in coastal regions close
to areas with high wind potential. Some factors that can contribute to the formation of a
cluster are (1) local factors, representing factors endogenous to the region, and (2) global
factors [58].

Among the local factors that influence the formation of the supply chain, we find
traditional and historical pre-conditions (existing industrial structures, existence of related
industries), regional factors (natural resources, availability of labor, infrastructure, financial
institutions, universities, etc.), anchor companies and entrepreneurs, local demand, and lo-
cal and national policies. Considering global factors, the flow of knowledge and technology
and the entry of multinationals and foreign investment stand out as significant [58,59].

The formation of a supply chain can benefit from the sharing of knowledge and
resources from existing sectors that present synergies with the offshore wind supply chain
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related to local pre-conditions and regional factors [60,61]. Regional infrastructure assets
are essential for the offshore wind supply chain. As technology develops, the installation
and maintenance of offshore wind farms becomes one of the most significant supply chain
challenges due to the large dimensions of the components, requiring companies to be
located in areas close to the coast with adequate port infrastructure [19,59]. Hence, the
need for existing infrastructure and the attraction of investment for the adaptation and
strengthening of coastal and port infrastructure [60,62] is a key concern.

The creation of areas for the manufacturing and preparation of subcomponents and
operation and maintenance bases is one of the strategies that can enable the development
of the supply chain. This activity applies especially to first-tier suppliers, who supply
components with large dimensions and, therefore, have significant logistical challenges.
This requires them to locate nearby or inside a port with the necessary capabilities [62].

The attraction of first-layer companies also opens opportunities for the rest of the
supply chain and enables competitive development. Major turbine manufacturers can
also enter new markets through joint ventures, establishing subsidiaries, facilitating ac-
cess to finance, discretionary concessions, tax exemptions, and other support from state
governments or by acquiring a local company [60,62,63].

In order to establish a national industry, policies can be used to create a national market
(demand), using different support mechanisms, which are potentially combined with direct
and indirect local content requirements [64]. Another measure is to address flexibility
resources, e.g., emerging power-to-x technologies, battery storages, and vehicle-to-grid
installations, creating additional demand for the renewable energy electricity market [65].

Supply chain companies require a reliable and stable market in order to establish
themselves in a region with long-term demand and initial financial support. Thus, the use
of local and national policies to create a pipeline of projects and, consequently, a domestic
market, is important to attract investors and establish companies in the supply chain [60].

Entrepreneurial activities can also promote the development of an industry in the
region through two main processes: (1) through the formation of new local companies
or transplantation of companies from elsewhere, or (2) through the entry of existing local
companies into a new industrial sector (diversification) [66]. In the offshore wind sector, the
most used mechanisms by the industry for path creation are transplantation, diversification,
and the creation of indigenous paths [19,20].

The transplantation mechanism can encourage the entry of global suppliers to the
region, which attracts other suppliers and contributes to the development of the supply
chain [58]. The establishment of global or national companies in the region can be supported
by local government [39] through discretionary concessions, tax exemptions, and by other
support from state government [62]. According to the measures and strategies related to
these factors, it is possible to enable the attraction of investment in a supply chain’s first
layer, which consequently attracts opportunities for the rest of the chain and enables the
development of the entire supply chain in a competitive way [60].

Measures for market attraction contribute to the development of offshore wind projects
and the creation of demand by setting goals [41,62] and by the formation of a regulatory
framework [20,39,41,49]. The provision of a support mechanism [60] is also a strategy to
promote the formation of an offshore wind domestic market.

The establishment of goals [41,62], formation of a regulatory framework [20,39,41,49,67]
and provision of a support mechanism [60] are significant measures to stimulate the
domestic market.

The development of a pilot project can also promote the domestic market, allowing
for the analysis and validation of the technical and economic feasibility of projects in the
region, the gaining of experience for future projects [68], and even the validation of business
technologies [69] and R&D [36].

The development of the supply chain can also be influenced by the establishment of
local content requirements [20,70,71]. Through these requirements, it is possible to increase
the attraction of foreign investment for the development of the local chain. However, the
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initially established local content must be sufficiently flexible to encourage industry [44]
without increasing the LCoE [72], but it should gradually increase with the recognition of
the benefits of local provision by developers and investors [73].

Additionally, the support of the local government contributes to the development of
the supply chain [74]. Regions that have governmental support have a greater incentive to
develop a domestic market with the establishment of developmental goals and objectives
not only nationally but also at the state and municipal level, recognizing the local resources
available at each level [75]. In addition, governmental support can be directly related
to the establishment of the supply chain, promoting the formation of industrial parks
in coastal regions with greater wind potential in order to encourage the formation of
industrial districts/clusters and hence facilitating the reduction costs and overcoming
logistical challenges [76].

In establishing public strategies and preparing development plans, the participation
and involvement of stakeholders is crucial. Their participation makes it possible to ensure
that industry views are considered, reducing challenges and thus enabling the development
process [76].

Another critical factor in developing a supply chain is access to financial resources. The
supply chain requires financial investment to develop its facilities and acquire equipment.
Thus, it is important to improve accessibility to investments whether through government
financing programs or foreign investment [60]. Providing investments and credit to support
companies can act as support for establishing companies in the region, such as offering
discretionary concessions, tax exemptions, and other support by state governments [62].

The increased legitimacy of technology also contributes to industrial development as
it allows for increased confidence for investment in industry and public policies, such as
subsidies [44]. The regional human asset is one of the factors that can attract companies to
the region. In this sense, understanding the regional workforce skills as compared to those
required by the sector is crucial. Hence, the creation of training and graduation programs
can enable the development of the supply chain [62,67].

Finally, some other strategies were identified such as collaboration between states
for the development of the regional supply chain; the creation of a team for the economic
development of offshore wind; the creation of a specific task force; and support for research,
including public/private partnerships for both offshore wind deployment and supply
chain manufacturing and logistics. In addition, the mapping of the existing supply chain
can determine business opportunities for the region [62] and exploit synergies with regional
established industries.

3.3. Factors Involved in the Industrial Development of a New Sector

In order to identify factors for the industrial supply chain development of offshore
wind energy, an LCA and SLR analysis was conducted. The identified factors and variables
are listed in Table 1.

Table 1. Factors involved in the industrial development of a new sector.

Country/Policies References

Local assets

Natural [13,19,31,34,51,58,59,77]

Infrastructure [13,19,31,34,57,59–62,77–79]

Industrial [13,19,31,34,77]

Human [13,19,31,34,55,57,59–61,77–79]

Institutional [13,19,31,34,55,59–61,77,79]

National targets [19,20,50,62,80–83]

Regulation [9,17,19,20,39,49]

Subsidy scheme [20,41,49,84–88]
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Table 1. Cont.

Country/Policies References

Pilot project [32,36,42,60,68,69,76,89–92]

Local content requirement [20,64,70,73,93]

Local government incentives [19,74,75,85,94]

Stakeholders’ participation and involvement [76,95]

Investment attraction [42,76,81,96]

R&D&I programs [36,39,44,84,88]

Legitimacy [42,86,97–100]

Infrastructure adaptation [32,57,76,101,102]

Local labor qualification [32,53,82,102]

New companies’ formation [13,14,19,20,29,37]

Transplantation of foreign companies [13,14,19,20,29,37,60,62,63]

Diversification and branching of local companies [13,14,19,20,29,37,38,50,78,81,84,103,104]

Exportation [68]

4. International Markets Case Study

The analysis of mature and emerging markets enabled the validation of the data
collected in the literature and the gathering of new information pertaining to the offshore
wind supply chain development process in new markets. The selected countries—China,
United Kingdom, Germany, Denmark, United States and Taiwan—offered a comprehensive
view of different stages of market maturity and approaches to offshore wind development
and identification of global best practices.

Cross-Case Study

The identified factors from the case study are analyzed and synthesized in Table 2.

Table 2. Cross-case study analysis.

Country/Policies China United Kingdom Germany Denmark Taiwan United States

Local assets

Natural ✔ ✔ ✔ ✔ ✔ ✔
Infrastructure ✔ ✔ ✔ ✔
Industrial ✔ ✔ ✔ ✔ ✔
Human ✔ ✔ ✔ ✔ ✔
Institutional ✔ ✔ ✔ ✔ ✔

National targets ✔ ✔ ✔ ✔ ✔ ✔

Regulation ✔ ✔ ✔ ✔ ✔ ✔

Subsidy scheme ✔ ✔ ✔ ✔ ✔ ✔

Pilot project ✔ ✔ ✔ ✔ ✔ ✔

Local content requirement ✔ ✔

Local government incentives ✔ ✔ ✔ ✔

Stakeholders participation and
involvement ✔

Investment attraction ✔ ✔ ✔

R&D&I programs ✔ ✔ ✔ ✔ ✔ ✔

Legitimacy ✔ ✔ ✔ ✔ ✔ ✔

Infrastructure adaptation ✔ ✔ ✔ ✔ ✔ ✔

Local labor qualification and
R&D&I programs ✔ ✔ ✔ ✔ ✔ ✔

New companies formation ✔ ✔ ✔ ✔ ✔

Transplantation of foreign
companies ✔ ✔ ✔
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Table 2. Cont.

Country/Policies China United Kingdom Germany Denmark Taiwan United States

Diversification and branching
of local companies ✔ ✔ ✔ ✔ ✔

Exportation ✔ ✔ ✔ ✔

Additional

Private support
Regional

planning for each
province

Creation of
industrial parks

Industrial Strategy
Attraction of first-tier
suppliers in the chain

Regional
development agency
Priority areas of the

chain for government
action

Areas for Energy
Development (CORE)

Industrial zones
Investment funds

for companies

Project financing
projects
Regional

development
agencies

Federal and state
subsidies for setting

up businesses in
less developed

regions
Installation of key
companies in the

Bremen region that
attracted other

companies
Establishment of

new areas
and goals

Creation of
industry

organizations
and associations
Establishment of

new areas
and goals

Regional
development

agency
Private support

Industrial
strategy and
supply chain

roadmap
Regional
planning
Inflation

Reduction Act
(federal subsidy
for developers

and supply chain
companies)

Thus, some additional important policies for the development of offshore wind sector
identified in the case study can be added to the analysis, namely, the creation and/or
strengthening of industry organizations and associations; the creation of a national strategy;
the attraction of top-level manufacturers; the establishment of priority areas for develop-
ment of the supply chain; the establishment of strategic areas for the installation of offshore
wind farms, the creation of business zones; support from development agencies; support
from private companies; and the preparation of a regional development plan.

5. Framework for Industrial Development

The research results are synthesized into the framework proposed in this section and
graphically represented in Figure 6. Considering the life cycle of the economic sector, the
framework comprises four phases: (1) demand assessment of a new sector, (2) sectorial
and industrial planning, (3) industrial development and maturity, and (4) sectorial and
industrial renewal or decline.

Each phase brings together a group of policies for the industrial development of the
sector for new markets. One policy is considered as transversal throughout the phases: the
interaction between actors, networks, and institutions. The interaction between actors, net-
works, and institutions corresponds to the collaboration between companies; universities
and research organizations; government agencies; industry and government associations;
industry alliances; working groups; cluster organizations; and normative rules, regulations;
and others. This interaction takes place throughout the process and can enable or restrict
the environment for industry development [42].

Phase 1: Demand assessment of a new sector
This phase corresponds to the identification of opportunities in a region that can

promote the development of a new industrial sector. The policy involved in this phase is
the diagnosis of regional assets (Table 3).

Table 3. Guidelines and policies in the identification of the need for the new sector.

Guidelines and Policies Asset’s Classification

Diagnosis of regional assets Natural
Infrastructure

Industrial
Human

Institutional
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The findings of this study unequivocally indicate that the diagnosis of available
regional assets is a measure that will drive the sector’s development through the mapping
and analysis of existing assets in the region in order to identify a need or opportunity.
The main asset identified is the natural resource of the region’s offshore wind potential.
In addition, other natural resources in the region can be included, such as raw material
of use to the industrial sector (e.g., iron ore), making it an attractive resource for the
supply chain [13,51,105] as indicated by Martin’s model [29]. The infrastructure asset
classification also influences the industrial development required in order to meet any
logistical challenges.

The existing infrastructure and local industrial base of companies such as those in the
onshore wind, maritime, O&G, and shipbuilding sectors can be exploited by the offshore
wind industry. From this perspective, the existence of sectors with synergy can also
favor development, as seen in a BVG study which analyzes O&G synergies to offshore
wind in the UK [48]. This allows the sharing of infrastructure, industrial (manufacture of
components and maritime operations) human and institutional assets through knowledge
spillovers [59–61] from qualified labor and competent institutions that are part of the supply
chain of these previous local industries [55].

Phase 2: Sectoral and industrial planning
In the second phase, the framework distinguishes the policies according to two pur-

poses, namely sector planning and industrial planning. As noted in the SLR, the industrial
development of the offshore wind supply chain depends on the development of new
projects, as companies need to have a project pipeline for their products or services over
a period that enables their establishment in the region. This is demonstrated by the HM
government strategy guide to undertaking leasing rounds in the UK in order to ensure a
new pipeline of projects until 2030 [60].

In this context, several guidelines and policies were identified that contribute to the
sector and its industrial planning. The sectoral planning guidelines and policies act on
the industrial supply chain’s development indirectly, although the industrial planning
guidelines and policies act directly on the development of the offshore wind supply chain
(Table 4).

Table 4. Guidelines and policies in the sectorial and industrial planning.

Guidelines and Policies Asset’s Classification

Sectoral planning

Target for the sector
Flexibility resources
Regulation
Subsidy scheme
Pilot project

Industrial planning

Local content requirements
Local government incentives
Stakeholders’ participation and involvement
Investment attraction
R&D programs

Transversal Legitimacy

The sectoral planning to form a domestic market is important not only in order to
attract and establish private companies in the regional supply chain but also encourage
the investments of these companies in human resources, infrastructure and research [76].
Due to the high cost of technology, establishing a reliable and stable environment is crucial
for investors in offshore wind projects. The creation of national targets for renewable
energy, with focused offshore wind targets, has been shown to lead to a more reliable
environment for attracting both project development and company installation investors to
the region [19]. Furthermore, the promotion of flexible resources by governmental policy
makers is recommended, as Eising et al. exemplify, e.g., emerging power-to-x technologies,
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battery storages, and vehicle-to-grid installations, creating additional demand for the
renewable energy electricity market [65].

The establishment of a regulatory framework is another relevant guideline for the
development of the industry enabling the approval of wind farm projects [20,39,49]. In-
cluding leasing area processes can contribute to creating a demand for projects as occurred
in the UK, as highlighted in the UK’s industrial strategy [60].

Another contributing guideline is the provision of a subsidy scheme for projects.
In new markets, offshore wind energy is still dependent on subsidies. Therefore, its
development is linked to the establishment of a subsidy scheme by the government that
works to reduce investment costs [49], providing greater political confidence for developers
and investors [20,49]. Some of the most used subsidies are feed-in tariffs, feed-in premiums
(as seen in the case of Denmark and Germany) [106], certificates such as the Renewable
Obligation (RO), and CfD (in the case of the UK, where CfD was shown as a best practice
for project pipeline development) [39,107,108].

Also, the establishment of a pilot may be an enabler guideline. A pilot project allows
the analysis and validation of technical and economic feasibility of projects in the region,
as well as the gain of experience for future projects [68], the validation of companies’ new
technologies [69], and R&D [36]. As a result, pilot projects can contribute to the creation
and strengthening of legitimacy.

The legitimacy factor acts as a transversal guideline in sectoral and industrial planning
with direct influence on both the formation of the domestic market—influencing the estab-
lishment of new targets, the creation of a specific regulation, provision of subsidies—and
the promotion of the supply chain—attracting investments directly for companies and
government support [42,97,98]. This factor aligns with findings of Choma’c-Pierzecka, who
reinforces the fact that new industry’s alignment with regulatory, normative, and cognitive
institutions enables higher public acceptance and inhibition of skepticism [42].

Concerning the industrial planning, the establishment of local content requirements [20,70]
and local government support are important policies to attract investors [74] as well as
other strategies such as the establishment of targets at the state and municipal level [75];
the formation of industrial parks in coastal regions to encourage the formation of clus-
ters [76]; and support for the establishment of private companies in the region [39] through
discretionary concessions, tax exemptions and other support by state governments [62].

Strategies and plans for development for the supply chain should involve stakeholder
consideration of the industrial sector requirements of government policies and, thus, enable
supply chain emergence [76]. In addition, attraction of attraction is crucial for the supply
chain development considering the significant financial investment required for companies
to settle in a region [76]. In regions that do not have significant knowledge of technology,
attracting investments from regions that have experience is the most used strategy for
attracting direct foreign investment (FDI) [19]. The attraction of FDI allows market growth,
the establishment of a competent cluster and, consequently, increases competitiveness [85].

Finally, the promotion of R&D programs is a guideline proposed for governmental
authorities as it can help to qualify the local labor force [44] and promote the development
of specific technologies [39], bringing innovation, cost reduction [44] and, consequently,
attracting industrial development.

Phase 3: Industrial development and maturity
The third phase corresponds to guidelines and policies for the development and

maturing of the sector (Table 5). In this phase, companies would establish themselves in
the region, and the supply chain will be developed, over time, until it reaches its maturity.

The existing infrastructure in the region can enable industrial development, by pro-
viding an adequate infrastructure [57] or restrict it if the infrastructure is not adequate or
available for use by the sector. Pollock and Mackinnon find that the availability of areas for
the establishment of companies, equipment, vessels, port, road and rail infrastructure, and
energy distribution can act as enablers for supply chain development [19,20].
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Table 5. Guidelines and policies for the industrial development and maturity.

Guidelines and Policies

Infrastructure adaptation
Local labor force qualification and R&D&I programs
Supply chain development

However, if the infrastructure requires adaptations, financial support must be provided
in order to ensure adequate infrastructure, considering the requirements of the sector,
especially regarding the port infrastructure and the need to locate components close to
their final destination [76,101].

In addition to specific infrastructure requirements, the offshore wind sector requires a
highly skilled labor force. Thus, the availability of qualified labor with specific knowledge
and expertise in the region promotes the attraction of investment [32], influencing its devel-
opment. Local qualified labor can be used through labor mobility from other sectors [19],
which is a result of the synergy observed in the first phase. However, if the existing local
labor force does not have the necessary qualifications, this may restrict the development of
the supply chain. In this case, the upskilling of the labor force is an important measure to
ensure industrial development.

Furthermore, in this phase, the development of the supply chain will take place. The
establishment of companies in the region should be promoted in order to increase supply
capacity and help prevent bottlenecks. The industrial sector must develop in order to reach
maturity and hence be able to provide good quality and reliable products and services at a
competitive price for projects. An analysis of the supply chain at a national level could be
undertaken in order to identify which parts still need to be developed [76].

The establishment of companies in the region can occur through the mechanisms
of path creation observed in the literature, the transplantation of companies from other
locations, such as international offshore wind services companies [13], and the diversifi-
cation of local companies, such as the synergetic industries of onshore wind and offshore
O&G [19,37].

Companies with synergy, as identified in Section 3, can act by diversifying into the
offshore wind market. Onshore wind supply chain companies tend to diversify into the
installation and commissioning chain, more specifically in the manufacture of compo-
nents that have greater similarity, such as generators, some blades, and converters. In
addition, second and third-tier suppliers of the onshore wind supply chain can supply
sub-components and raw materials for the offshore supply chain.

The offshore O&G supply chain also stands out in terms of synergies, since it can
contribute throughout the entire supply chain, especially in the installation, operation and
maintenance, and decommissioning chains, due to its experience in maritime activities.

Phase 4: Sectorial and industrial renewal or decline
A mature offshore wind industry may reach a phase of renewal or sectoral and

industrial decline. In order to avoid path exhaustion, some guidelines and policies are
necessary according to Steen et al. [8] (Table 6).

Table 6. Guidelines and policies in the sectorial and industrial renewal or decline.

Guidelines and Policies

Research, development and innovation programs (R&D&I)
Exportation of components to nearby countries
Foment other industries or planned deactivation

Steen and Hansen emphasize the importance of the creation of research, develop-
ment, and innovation programs for industry renewal, promoting innovations in the sector,
whether in projects or in technologies for optimizing manufacturing and services. R&D&I
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incentives were found to generate industrial innovations such as green hydrogen technol-
ogy [36].

Another opportunity of renewal for the mature regional supply chain is the exportation
of components to nearby countries. Verhees et al. point out that exporting allows the
expansion and creation of higher demand for projects or the use of companies’ existing
unused capacity to supply nearby countries that do not have a mature supply chain [68].

The O&G sector, due to the variation in oil prices [109] and the impact of climate
change on the planet, the fishing industry in the UK, and shipbuilding in Germany [19]
are all examples of how an economic sector can go into decline. If the offshore wind sector
goes into decline, it is necessary to carry out planning to deal with the use of this sector’s
capacity, skills and knowledge in other sectors, whether new or existing [12,110], or for its
planned deactivation.

6. Conclusions

Comparable to a product life cycle, an economic sector has its life cycle. Thus, it is
crucial to consider this life cycle when making decisions related to the development of
public policies and regulatory frameworks in countries with new markets. In the case of
the offshore wind sector, many countries are initiating plans for its deployment guided by
the United Nations’ Sustainable Development Goals.

Due to the characteristics of the offshore wind sector and its rapid technological
development, the development of a local industrial supply chain benefits the development
of the sector in new markets. While the existing literature outlines factors influencing the
development of the offshore wind industry in specific regions, a significant gap remains
in understanding the comprehensive process required for its successful implementation
and growth. This study addresses that gap by providing a novel, structured process for
offshore wind development in emerging markets.

Based on the systematic literature review and the international markets cross-case
study, this paper proposes a framework for the industrial development process of the
offshore wind supply chain in new markets. The model focuses on a process-based ap-
proach, which involves four phases: (1) demand assessment of a new sector, (2) sectoral
and industrial planning, (3) industrial development and maturity, and (4) sectoral and
industrial renewal or decline.

The proposed framework generates two main outcomes. Firstly, it provides a systemic
view of a sector by detailing its life cycle; secondly, it outlines the key policies required
at each phase. These contributions are directly applicable, offering a practical guide for
regions aiming to develop their offshore wind sectors. Transitioning between phases
depends on the maturity of information and policies within each stage, ensuring a tailored
approach that does not necessitate constant reassessment.

The research findings reveal that most factors influencing industrial development are
deeply interrelated and can be classified according to an industry’s life cycle. Regional
opportunities can catalyze the emergence of a new industrial sector, utilizing natural
resources, human capital, institutional support, infrastructure, and existing industries, all
of which interact synergistically. The roles of industrial and sector planning are pivotal
and can vary significantly depending on the region’s context and legitimacy. As the
supply chain matures, infrastructure, human, innovation and supply chain investments
can act as enablers to industry development. As observed in several established markets,
proactive policies become essential to avoid stagnation and decline. Interaction between
actors, networks, and institutions is observed to be highly related to the factors over the
four phases.

The framework encompasses phases that are unique and therefore requires monitoring of
the economic sector in each phase, enabling stakeholders to anticipate and implement actions
that enhance competitiveness and optimize outcomes. This model offers critical insights for
shaping public policies and guiding industrial development in new economic sectors as well
as for companies exploring new markets, specifically in the offshore wind industry.
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Each region presents distinctive characteristics that must be considered and analyzed
by both the government and stakeholders involved in the industrial development process of
a new economic sector. For future studies, we advocate targeted research that considers the
specific attributes of each region for industrial development, considering the foundational
phases outlined in the proposed framework. The analysis of the industrial development in
mature markets is also recommended, since the identification of their good practices would
serve as a reference for new markets.
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