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Abstract

Taiwan has set an ambitious target of net-zero carbon emissions by 2050, relying heavily
on offshore wind capacity of 13.1 GW by 2030 and 40-55 GW by 2050. Floating offshore
wind (FOW) is expected to play a central role in meeting these targets, particularly in
deep-water areas where fixed-bottom technology is technically constrained. This study
combined S-curve modeling for capacity projections, learning curves for cost estimation,
and input-output analysis to quantify economic and environmental impacts under three
deployment scenarios. Our findings indicate that FOW development provides substantial
economic benefits, particularly under the high-growth scenario. During the construction
phase through 2040, total output is projected to exceed NTD 1.97 trillion, generating more
than NTD 1 trillion in gross value added (GVA) and over 470,000 full-time equivalent
(FTE) jobs. By 2050, operations and maintenance (O&M) output is expected to reach
approximately NTD 50 billion, supporting roughly 14,200 jobs and about NTD 13.8 billion
in income. Annual CO, reduction could reach up to 10.4 Mt by 2050 under the high-growth
scenario, or about 6.86 Mt under the low-growth case, demonstrating the potential of FOW
to drive industrial development while advancing national decarbonization.

Keywords: floating offshore wind; input-output analysis; S-curve modeling; learning
curves; economic impact; environmental benefits

1. Introduction

In response to worsening global climate change, many countries are seeking to min-
imize carbon emissions in the generation of grid electrical power. The International En-
ergy Agency (IEA) projects that by 2030, global renewable capacity will be 2.7 times the
2023 level—nearly 25% above what current policies would deliver. Even so, these projec-
tions still fall short of the goal of tripling renewables by 2030. Global policies pertaining to
the climate and energy security play a pivotal role in the on-going deployment of renew-
able energy, ensuring that green energy remains cost-competitive with energy generated
via fossil fuels. The IEA has projected that the share of renewables in global electricity
generation will grow from roughly 30% in 2023 to 46% by 2030, with solar and wind energy
accounting for nearly all of the expansion [1].

Offshore wind power benefits from the abundance of offshore wind resources and
higher capacity factors, while reducing exposure to land-use constraints and near-surface
turbulence associated with onshore facilities. In fact, offshore wind is increasingly consid-
ered a cornerstone of efforts to decarbonize electricity systems [2]. The European Union
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currently aims to reach 60 GW of installed offshore wind capacity by 2030 and 300 GW by
2050 [3]. Floating Offshore Wind (FOW) power generation is expected to play a crucial role
in the next phase of offshore wind development as suitable shallow-water sites become
increasingly scarce. Unlike conventional fixed-bottom turbines, which are generally lim-
ited to shallow and intermediate waters, floating turbines can be deployed in deep-water
environments, enabling access to stronger wind resources over a broader offshore area
and allowing for the installation of larger turbine units [4]. As a result, FOW expands
the range of feasible offshore wind sites to locations where seabed conditions make fixed
foundations impractical and is increasingly regarded as a structurally necessary pathway
for large-scale offshore wind deployment in deep-water settings. Europe, the US, and
parts of Asia have launched demonstration projects and developed industrial roadmaps to
advance the commercial deployment of FOW to bolster energy security, expand renewable
capacity, and accelerate carbon abatement [5,6].

Taiwan has set ambitious targets for offshore wind development, as part of its strategy
to achieve net-zero emissions by 2050. The government has set a goal of 13.1 GW installed
capacity by 2030, with a further expansion to 40-55 GW by 2050 [7]. FOW is expected to
play a major role in this expansion. In 2024, Taiwan increased its installed offshore wind
capacity by 1200 MW, the fifth largest expansion globally. By the end of 2024, Taiwan
had installed 374 offshore wind turbines with a cumulative capacity exceeding 3 GW, the
seventh largest in the world. An additional 8.3 GW of offshore wind capacity is scheduled
for deployment between 2025 and 2030 [8].

At present, the offshore wind sector in Taiwan remains dominated by fixed-bottom
turbines with FOW still in the early stages of commercialization. Taiwan is ideally suited to
FOW, due to strong offshore winds and a notable lack of shallow-water areas, particularly
along the west coast. The vast number of FOW turbines required to achieve current goals is
expected to spawn a new industry dedicated entirely to FOW development and manufac-
turing. The enormous investment required to achieve these goals is expected to generate
wide-ranging economic spillover effects. Quantifying the economic and environmental
benefits is essential to dealing with the challenges of sustainable energy development.

Most existing research in this field has focused on countries with advanced offshore
wind development, such as those in Europe and the US [9]. Relatively little attention has
been paid to the system-level and cross-sectoral impacts of FOW in emerging wind energy
markets. Taiwan is a particularly relevant case for addressing this gap. Large parts of its
coastline (particularly along the west coast) face water-depth and seabed constraints that
limit the use of fixed foundations, creating the need for floating offshore wind. Taiwan is
also an emerging offshore wind market, with rapid recent growth and ambitious long-term
deployment goals. Unlike mature European and U.S. markets, Taiwan is in the early stages
of FOW commercialization. This creates a valuable setting for examining the economic,
industrial, and environmental implications of FOW development while technologies and
policies continue to evolve. It is expected that FOW expansion will generate spillover
benefits for a range of related industries, particularly in upstream manufacturing and
equipment supply chains. Insights gained from our analysis of the Taiwan case could
inform policy design and planning in other emerging offshore wind economies facing
similar geographical and developmental constraints.

Based on the above research background, this study addressed the following
research questions:

(1) What are the economy-wide economic effects of FOW deployment in Taiwan, in terms
of output, value added, income, and employment, after taking both direct and indirect
inter-industry effects into account?
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(2) How do these effects differ between the construction phase and the operations and
maintenance (O&M) phase, and what do these differences imply for short-term
industrial activity and longer-term structural change in the economy?

(38) To what degree will FOW deployment affect carbon emission mitigation in the elec-
tricity sector under plausible long-term development scenarios toward 2050?

In the current study, we constructed an input-output (I-O) model to evaluate the cross-
sectoral economic and environmental effects of FOW development in Taiwan. The I-O
analysis framework, which captures both direct and indirect economic effects, is well-suited
to evaluating the cross-sectoral impacts of such developments. We first collected input
ratios specific to FOW technologies and then applied an S-curve formulation to define three
scenarios for capacity expansion through 2050 under various installation trajectories. The
I-O model was subsequently used to quantify the corresponding economic outputs and
carbon emissions across relevant sectors. Simulation results were then used to derive policy
implications for promoting sustainable FOW development. The proposed I-O approach is
applicable to other emerging economies where relevant I-O data is available, offering a
transferable methodology for assessing the broader impacts of offshore wind deployment.

The remainder of this paper is structured as follows. Section 2 presents a review
of the relevant literature. Section 3 outlines our methodological framework and data
processing methods. Section 4 presents our results and discussion. Conclusions and policy
implications are drawn in Section 5.

2. Literature Review

Recent technological advancements and the rapid expansion of the emerging industry
have spurred a growing body of research investigating its economic and environmental
impacts through various analytical frameworks. I-O analysis, in particular, has gained
prominence as a widely used tool for capturing both direct and indirect effects across
the economy. Developed by Wassily Leontief in the 1930s [10], the I-O model offers a
systematic approach to analyzing inter-industry linkages by quantifying the flow of goods
and services among sectors. This enables researchers to evaluate the broader economic
ripple effects triggered by changes in energy investment or policy. Numerous studies
have applied I-O models to assess renewable energy development, especially in relation
to gross domestic product (GDP), employment generation, and industrial output [11-17].
Moreover, I-O analysis can be extended with energy and environmental coefficients to
estimate impacts on energy consumption [18], carbon emissions [19], and to support low-
carbon transition planning [20]. More recently, multi-regional I-O models have been
applied to assess embodied renewable energy along global supply chains and to identify
key renewable sectors driving the global energy transition [21,22]. While the methodology
has been widely applied to various renewable technologies, its application to FOW remains
relatively limited. Therefore, this review highlights studies that have utilized I-O analysis
in the context of offshore wind, with an emphasis on those addressing the economic and
environmental implications of FOW deployment.

Markaki et al. [23] employed an I-O framework to estimate the green energy invest-
ments required by Greece to meet energy and climate targets stipulated by the European
Commission. They projected that the necessary investment of €47.9 billion between 2010
and 2020 would increase the annual national energy output by €9.4 billion and create
108,000 full-time equivalent jobs.

The I-O approach has been extended to analyze the economic potential of offshore
and FOW development. Based on projections for demand, resource quality, and technology
costs, Jimenez et al. [24] evaluated the employment and economic effects of hypothetical
FOW installations in Hawaii under two scenarios: 400 MW and 800 MW by 2050. The
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same framework was then applied to Oregon [25] and California [26] under scenarios
ranging from 2.9 to 16 GW by 2050. These studies, commissioned by the Bureau of Ocean
Energy Management (BOEM) and conducted by the National Renewable Energy Laboratory
(NREL), offer some of the most complete macroeconomic appraisals of U.S. FOW to date.

Nagashima et al. [27] combined life-cycle assessment with I-O analysis for Japan,
extending the 2005 national I-O table to include turbine manufacturing and construction.
They determined that gains in production and value added outweighed the substitution ef-
fects from displacing conventional power. Allan et al. [28] used an I-O approach to examine
2019-2029 offshore wind growth in the UK under a range of local-content assumptions and
policy contexts (e.g., the Sector Deal, Brexit). Their findings illustrated how supply-chain
configuration can shape economic and environmental outcomes.

Lochot et al. [29] employed an extended I-O model combined with a multi-objective
optimization framework to explore other low-carbon transition pathways in France. Their
analysis identified strategies that simultaneously reduce CO, emissions while maximizing
GDP and employment. By accounting for both direct and indirect intersectoral effects, they
demonstrated the strength of I-O-based approaches in balancing economic growth with
environmental objectives.

Our literature review demonstrated the versatility of I-O analysis in evaluating the
broad economic and environmental impacts of renewable energy investments. Nonethe-
less, most existing studies on FOW have focused primarily on deployment in developed
economies, with comparatively limited attention given to emerging markets such as Taiwan.
This study linked an I-O framework with a learning-curve model and an S-curve deploy-
ment profile in the construction of high-, baseline-, and low-adoption scenarios through
2050. This design supports a robust assessment of cross-sector economic effects and CO,
reductions under technological and market uncertainty, using Taiwan as a case study.

3. Methods

This study adopted a hybrid methodology combining I-O analysis with scenario con-
struction based on S-curve diffusion modeling and learning curve theory. This framework
simulates the multidimensional economic and environmental impacts of FOW development
in Taiwan under technological and market uncertainty. Despite ambitious targets including
the addition 40-55 GW of offshore wind capacity by 2050, many long-term issues such as
the split between fixed-bottom and floating have yet to be resolved. To bracket outcomes,
this study developed three FOW adoption scenarios: high, baseline, and low. Capacity
trajectories under each scenario were projected using an S-curve model to reflect typical
technology diffusion patterns, while associated cost reductions were estimated using a
learning curve model that accounts for improvements driven by cumulative deployment
and economies of scale.

In the following subsections, we outline the analytical frameworks employed in this
study, including the I-O model, the S-curve model, and the learning curve model, followed
by a detailed description of the data sources and processing procedures.

3.1. Methodological Framework
3.1.1. Input—Output Model

An I-O table typically comprises three main components: intermediate consumption,
value added, and final demand. Intermediate consumption refers to the exchange of goods
and services among industries, indicating the value of inputs required for the production
processes within a specific economic system and time frame. In an I-O matrix, the rows
illustrate the distribution of a sector’s output to other sectors, while the columns illustrate
the inputs required from other industries to produce a unit of output in a particular sector.
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Value added captures the net output generated in the production process and is calculated
as the difference between gross output and intermediate input. It reflects the income
allocated to the primary factors of production, including labor compensation, operating
surplus, depreciation of fixed capital, and net production taxes. Final demand includes
goods and services not used for further production, but consumed by end users such
as households, governments, or exportation. These three components together provide
a comprehensive representation of the economic flows across sectors. At the national
level, the balance between total supply and total demand ensures internal consistency in
the system.

The I-O model is based on three key assumptions: (1) single-product output, where
each industry produces only one primary product; (2) constants return to scale, which fixes
technical I-O coefficients regardless of production level; and (3) fixed input proportions,
indicating no technological substitution among input factors. Based on this framework, the
fundamental accounting identities of the I-O model can be expressed as follows:

n
Xi = ZZi]-Jrfi 1)
=1
n
Xj = Z Zi]‘ +7; 2)

i=1
where X; is the total output of sector i; Z;; is the intermediate demand from sector j to sector
i; f; is the final demand; and v; is the primary input. The balance condition requires that

Y Xi=) X (3)

The technical coefficient a;; represents the intermediate input from sector i required to
produce one unit of output in sector j:

- 4
e @

&Zi]' =

The technical coefficient matrix A = [a;] serves as the foundation for subsequent
analytical procedures.

The Leontief inverse matrix, denoted as (I — A)_l, captures both direct and indirect
input requirements across all sectors of the economy. This formulation enables the esti-
mation of ripple effects resulting from exogenous changes in final demand (AF). It also
provides a basis for calculating various economic multipliers, including those for output,
gross value added (GVA), employment, and income.

1. Output Effect:

AX = (1—A)"' x AF (5)

This equation measures the total output effect resulting from a change in final demand.
The Leontief inverse matrix (I — A) ! captures both the direct and indirect interindustry
linkages triggered by exogenous demand shocks.

2. GVA Effect:

Let v; = V;/X; be the GVA coefficient for sector i, where V; is the GVA and X; is total
output in that sector, such that

AGVA =vx (I—A)"! x AF (6)
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This expression estimates the change in GVA attributable to variations in final demand,
weighted by sector-specific GVA-output ratios.

3. Employment Effect:

Let I; = E;/ X; denote the employment coefficient, where E; represents the number of
employees in sector i, such that

AL=1x (I—A)"'xAF 7)

This equation quantifies the employment effects arising from changes in final demand,
based on sector-level labor intensity.

4. Income Effect:

Let w; = W;/X; be the income coefficient, where W; denotes total labor compensation
in sector i, such that
AM =wx (I1—A)"' x AF (8)

This formulation estimates the change in income induced by demand-driven output
shocks, weighted by sector-specific income-to-output ratios.

3.1.2. S-Curve Model

The S-curve model, also known as the logistic growth model, is widely used to
characterize the development and diffusion of new technologies. It captures the typical
trajectory of technological adoption, which generally progresses through three key stages:
an initial phase of slow growth during early adoption, followed by a period of rapid
acceleration as market penetration increases, and finally a deceleration as the technology
approaches market saturation. This model is particularly suitable for representing the
transition of an industry from an emerging to a mature stage, and has been extensively
applied in the renewable energy sector to analyze trends in technology advancement, cost
reduction, and market uptake. Harijan et al. [30], for example, employed a logistic model
and analogical forecasting methods to project the diffusion of wind power in Pakistan
under various policy scenarios. Their study provided a quantitative assessment of wind
power’s market penetration potential and illustrated how diffusion modeling can inform
energy planning and policy decisions.

In this study, the S-curve model is used to estimate the future installed capacity of FOW
in Taiwan under three distinct development scenarios. The S-Curve function is expressed

follows:
as follows K

y(t) = 1+ er(t—to)

where y(t) denotes the cumulative installed capacity at time ¢; K represents the saturation

©)

level or maximum potential capacity; r is the growth rate; ¢ is the inflection point at
which growth shifts from acceleration to deceleration; and e is the base of the natural
logarithm. The calibration of scenario-specific K and r was based on national policy targets,
international benchmarks, and assumed levels of technological maturity. This approach
enabled the projection of FOW deployment trajectories up to 2050 under high-, baseline-,
and low-growth scenarios, providing a basis for subsequent economic and environmental
impact analysis.

3.1.3. Learning Curve Model

The learning curve, also referred to as the experience curve, has been widely adopted
for forecasting cost reductions associated with cumulative production or installed capac-
ity [31]. This approach has been extensively applied in the energy sector to estimate future
reductions in capital expenditures and levelized cost of electricity across various tech-
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nologies. As cumulative capacity increases, improvements in manufacturing efficiency,
economies of scale, and technological innovation contribute to lower unit costs. This phe-
nomenon can be quantitatively described by the learning curve model, which assumes that
decreases in follow a negative exponential function of cumulative output. As noted by
Hernandez-Negron et al. [32], the learning curve is particularly useful in evaluating the
cost evolution of emerging renewable technologies, including offshore wind, where cost
trajectories are sensitive to deployment scale and learning effects. The general form of the
learning curve can be expressed as follows:

—b
Cr = CO(S;) (10)
_ In(1-R)

where C; represents the unit cost at time f; Cy denotes the initial unit cost; Q; refers to the
cumulative installed capacity at time t; Qp is the initial cumulative capacity; and b is the
learning coefficient, which is derived from the learning rate (R). The learning rate reflects
the cost reduction associated with each doubling of cumulative capacity.

In this study, parameter values for the learning rate (R) were drawn from international
literature on FOW technologies and then calibrated to reflect Taiwan-specific cost struc-
tures and deployment conditions. This allowed a more realistic projection of investment
requirements and cost declines under each scenario.

Figure 1 illustrates the overall methodological flow of this study, clarifying the in-
tegration of the various analytic components. Analysis began with a review of relevant
I-O methodologies and previous studies on FOW, followed by an assessment of the de-
velopment status and key techno-economic characteristics of FOW at global and domestic
levels. Detailed cost breakdowns were then used to align FOW spending with Taiwan’s
official 2021 I-O table, adjusting sectors as needed and mapping investment items to the
appropriate categories.

In the scenario and parameter-setting stage, we developed alternative development
pathways using two linked components. Future installed capacity trajectories were pro-
jected using S-curve (logistic growth) models based on offshore wind policy targets es-
tablished in Taiwan and developmental trends observed in other countries. Investment
cost trajectories were estimated using learning curve models designed to capture cost
reductions associated with cumulative deployment. The projected capacity and cost out-
comes were subsequently integrated within the I-O framework to construct the research
model. Finally, scenario simulations were conducted to quantify the effects of FOW on
economy-wide economic impacts and carbon emission reduction under three plausible
developmental pathways.

3.2. Data Sources and Processing

This study employed I-O analysis to quantify the economic and environmental
impacts of FOW development in Taiwan, using the latest I-O table published by the
Directorate-General of Budget, Accounting and Statistics (DGBAS), comprising 63 indus-
trial sectors in 2021 [33]. To improve analytical tractability and minimize sectoral complexity,
the original 63 sectors were consolidated into 39 aggregated industries. To reflect the dis-
tinct economic characteristics of the FOW lifecycle, the sector was disaggregated into two
functional phases—construction and O&M-—and mapped to the relevant sectors in the
aggregated I-O table.
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Literature Review and Background Analysis
* Review of input—output analysis methodologies applied to renewable energy
* Review of prior studies on floating offshore wind power development

Y

Development Status of Floating Offshore Wind Power
*  Overview of global and domestic floating offshore wind technology development
* Identification ofkey coststructures and supply-chain characteristics

v

Sectoral Adjustment and Investment Allocation
*  Construction of inter-industry linkage matrices based on Taiwan’s 2021 Input—
Output Table
*  Allocation of floating offshore wind power expenditures according to detailed cost
breakdowns

v

Scenario and Parameter Setting (Pre-processing of Input Data)

Installed Capacity Projection
* Estimation of future installed capacity using S-curve (logistic growth) models
* Scenario design anchored in Taiwan’s offshore wind policy targets
* Incorporation of international floating offshore wind development trends

CostProjection
« Estimation of future investment costs using learning curve models
¢ Identification of key costcomponents
* Application of floating offshore wind learning rates

v

Research Model Construction
« Integration of projected capacity and cost scenarios into the input—output model
* Establishment of an analytical framework for economy-wide impact assessment

Y
Scenario Simulation
* Simulation of alternative floating offshore wind development scenarios
* Estimation of economy-wide economic and carbon emission impacts under
alternative assumptions

Figure 1. Integrated analytic framework combining scenario analysis with learning curves and
input-output modeling to assess floating offshore wind development in Taiwan.

Cost structure data for these two phases were sourced from the Cost of Wind Energy
Review: 2024 Edition, published by Stehly et al. [34] at the U.S. NREL. In the absence of
commercial-scale FOW deployment in Taiwan, the NREL cost structure was adopted as an
international benchmark, providing an internally consistent representation of expenditures
across both construction and O&M phases. The expenditure items identified in the NREL
report were classified according to the type of economic activity and systematically mapped
to the 39-sector I-O classification. This mapping process established the foundational
structure for I-O analysis, ensuring that each component of FOW-related investment and
spending was appropriately allocated to domestic industry sectors for impact estimation.

Our cost structure mapping results revealed clear differences in industrial composition
between the construction and O&M phases of FOW projects in Taiwan. As shown in
Tables 1 and 2, the construction phase was characterized by high domestic expenditures in
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fabricated metal products (29.8%), machinery and equipment (24.1%), and construction
(19.4%), reflecting the capital-intensive nature of offshore wind farm installation. Electri-
cal equipment and apparatus accounted for 9.7%, while service-related sectors, such as
financial and insurance services, professional and technical services, and support services,
collectively contributed less than 20% of total expenditures.

Table 1. Share of expenditures by sector in the construction phase of FOW in Taiwan (39-sector classification).

Sector Code Industry Share (%)
015 Fabricated metal products 29.8
018 Electrical equipment and apparatus 9.7
019 Machinery and equipment 241
026 Construction Engineering 194
031 Financial and insurance services 7.8
033 Professional, scien’fiﬁc, and technical 6.9
services

034 Support services 2.3

Total 100.0

Table 2. Share of expenditures by sector in the O&M phase of FOW in Taiwan (39-sector classification).

Sector Code Industry Share (%)
015 Fabricated metal products 1.7
018 Electrical equipment and apparatus 0.6
019 Machinery and equipment 14
028 Transportation and storage 56.5
031 Financial and insurance services 17.6
033 Professional, scien’fiﬁc, and technical 6.5
services

034 Support services 15.7

Total 100.0

The O&M phase exhibited a different expenditure profile dominated by transportation
and storage (56.5%), followed by financial and insurance services (17.6%) and support
services (15.7%). Capital goods sectors, such as fabricated metal products (1.7%), machinery
and equipment (1.4%), and electrical equipment (0.6%), represent only a small fraction of
total O&M expenditures during this phase.

3.3. Scenario Setting

To align with Taiwan’s 2050 net-zero emissions target, the Ministry of Economic Affairs
(MOEA) has set an ambitious offshore wind power target of 40-55 GW by 2050. However,
the official roadmap has yet to differentiate the contribution of fixed-bottom versus FOW
technologies. Given this uncertainty, it is necessary to establish development scenarios that
simulate potential capacity trajectories under varying policy and market conditions.

By the end of 2024, Taiwan had completed the grid connection of 374 fixed-bottom
offshore wind turbines with total output of 3.04 GW; however, no FOW projects had
yet been deployed. Thus, the FOW industry in Taiwan has not generated any historical
data by which to estimate domestic growth parameters for capacity expansion. This
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study addressed this limitation by adopting market data from international sources to
parameterize the S-curve diffusion model used for future growth projections.

Specifically, the growth-rate parameter (r) was taken from reports by Global Market
Insights (GMI), which provide forecasts for both fixed-bottom and FOW. We set the annual
average growth rate to 15.6% for fixed-bottom offshore wind based on the Fixed Offshore
Wind Energy Market forecast [35], and to 31.5% for FOW based on the Floating Offshore
Wind Energy Market Size forecast [36]. This differentiation is considered reasonable given
that fixed-bottom offshore wind is a relatively mature market, while FOW remains in the
early development phase. Moreover, it was assumed that growth rate parameters (r) for
each technology type were identical across developmental pathways, while differences
among scenario were captured by adjusting the inflection year and maximum capacity.

The plausibility of these assumptions was verified by reviewing international bench-
marks. According to the Global Wind Energy Council (GWEC), global offshore wind
capacity is expected to grow from 16 GW in 2025 to 34 GW in 2030, increasing its share of
total wind energy installations from 11.8% to 17.5% [8]. McCoy et al. [37] predicted that
FOW would enter a second wave of industrialization within the next five years, based on
AEGIR Insights. This growth will be driven by cost reductions, modularization, and the
standardization of supply chains, with a key inflection point expected around 2030.

Based on these international references and market parameters, this study simulated
the trajectories for installed capacity in Taiwan’s offshore wind sector between 2030 and 2050
under three distinct scenarios that reflect varying degrees of policy support, technological
progress, and market maturity (see Table 3):

e High-growth scenario: Characterized by robust policy incentives, accelerated techno-
logical innovation, strong supply chain development, and heavy capital investment.
This scenario represents an optimistic pathway involving rapid industrial scaling and
early FOW commercialization.

e  Baseline-growth scenario: Represents a business-as-usual pathway based on current
policy commitments and existing market forecasts. It assumes steady but moderate
progress in both fixed and floating offshore wind development.

e Low-growth scenario: Reflects a more conservative outlook in which deployment
is delayed due to weaker policy intervention, slower technological progress, or con-
strained investment. This scenario anticipates slower capacity expansion and limited
FOW adoption.

Table 3. Key scenario parameters for offshore wind development in Taiwan.

Offshore Wind Type Scenario to (Inflection Year) K (Maximum Capacity, GW)
High-growth 2027 30
Fixed offshore wind Baseline-growth 2030 26
Low-growth 2033 22
High-growth 2037 25
Floating offshore wind Baseline-growth 2040 22
Low-growth 2043 18

The three scenarios were based on total offshore wind capacity targets for 2050 es-
tablished by the government of Taiwan. A total capacity of 55 GW was adopted for the
high-growth scenario, reflecting an accelerated deployment pathway with strong policy
support and rapid industrial scaling. A more conservative capacity ceiling of 40 GW was
adopted for the low-growth scenario, corresponding to delayed deployment and weaker
policy momentum. The baseline-growth scenario assumed a capacity level falling between
these two bounds, representing a continuation of current policy commitments and market
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expectations. These exogenously defined capacity ceilings serve as boundary conditions for
the S-curve diffusion modeling of fixed-bottom and FOW technologies, which in turn under-
pin the subsequent simulations of economic and environmental impacts across alternative
development pathways.

The projected installed capacity of fixed and floating offshore wind in Taiwan was
estimated for the period 2030~2050 using the S-curve model, based on the three scenarios
defined in Table 3. Under the high-growth scenario, fixed offshore wind capacity is expected
to increase from 18.45 GW in 2030 to 29.19 GW in 2050 with FOW capacity increasing from
2.48 GW to 24.59 GW. This suggests that over the next two decades, FOW will overtake
fixed-bottom installations as the dominant technology. Under this scenario, the combined
installed capacity is expected to increase from 20.93 GW in 2030 to 53.78 GW in 2050.

Under the baseline-growth scenario, fixed capacity is expected to increase steadily
from 13 GW in 2030 to 24.9 GW in 2050 with FOW capacity increasing from 0.90 GW to
21.1 GW over the same period. Under this scenario, the combined installed capacity is
expected to increase from 13.9 GW in 2030 to 46 GW in 2050.

Under the low-growth scenario, fixed offshore wind capacity would only increase
from 8.47 GW in 2030 to 20.55 GW in 2050 with FOW capacity increasing from 0.29 GW to
16.21 GW. Under this scenario, the combined installed capacity is expected to increase from
8.77 GW in 2030 to 36.76 GW in 2050. The capacity trajectories are shown in Figure 2.

—High-Growth

GW GW Scenario (Fixed)
60 - . 30
——High-Growth === High-Growth
Scenario i
- 25 Scenario
—» ——Baseline-Growth (Floating)
40 Scenario 20 ﬁ»Baselh‘l'e-Gr'o“zh
—e—Low-Growth Scenario Resnario/Eixed)
30 - 15 - -~ Baseline-Growth
--------- 2030 target: 13.1 GW Scenario
20 10 (Floating)
o= —Low-Growth

- -2050 target: 55 GW

- -2050 target: 40 GW

Scenario (Fixed)

---Low-Growth
2030 2035 2040 2045 2050 2030 2035 2040 2045 2050 Scenmario
(Floating)
Figure 2. Projections of offshore wind installed capacity under three development scenarios for the
period 2030-2050: total capacity (left); fixed versus floating (right).

3.4. Learning Curve

Cost projections were performed using the Cost of Wind Energy Review: 2024 Edition,
published by the U.S. NREL [34], which provides detailed data pertaining to capital and
operational expenditures for FOW. Construction costs were estimated using a learning
curve model based on capital expenditure figures reported in the NREL study in conjunction
with a 9.5% learning rate, as suggested by ORE Catapult [38]. The base year was set as 2023,
representing the starting point of FOW development in Taiwan. Given that no commercial-
scale FOW installations had been completed in Taiwan by that time, the cumulative installed
capacity for the baseline year was assumed to be near zero. Because the learning curve
formulation requires a strictly positive initial cumulative capacity, the initial value Qg was
set to a very small positive number (0.001 GW) to ensure the numerical tractability of the
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model when used to represent FOW development during the pre-commercial stage. Under
these conditions, the learning coefficient (b) used in the model was derived as follows:

b In(1-R) In(1—0.095)
~ In(2)  In(2)

~ —0.143 (12)

where R = 0.095 denotes the learning rate. Using this coefficient, the unit installation costs
for the period 2030~2050 were estimated under different scenarios using the standard
learning curve formula. The consolidated results are summarized in Table 4.

Table 4. Projected unit installation costs of FOW under different growth scenarios (USD/kW,
2030~2050).

High-Growth Baseline-Growth Low-Growth
Year . . .
Scenario Scenario Scenario

2030 4628.21 5355.59 6304.32
2035 3863.58 4357.32 5057.24
2040 3478.93 3734.62 4178.89
2045 3355.33 3472.58 3699.77
2050 3326.09 3400.22 3531.81

O&M costs were derived from estimates reported by Santhakumar et al. [39], which
were originally presented in units of k€ /MW /year. To ensure consistency, the values
were converted to USD/kW /year using an exchange rate of €1 = USD 1.08. For scenarios
with installed capacity below 1 GW, we used 2023 O&M cost estimates as a baseline, with
linear interpolation applied to project future changes in costs. These adjustments ensured
that O&M cost assumptions remained consistent with capacity development across all
growth scenarios.

4. Results and Discussion
4.1. Economic Impacts

The construction phase of FOW development is characterized by significant short-
term economic stimulation, with pronounced output and income effects concentrated in
capital-intensive sectors such as fabricated metal products, machinery and equipment,
construction, and electrical equipment. This period represents a critical window for con-
centrated investment in domestic manufacturing, infrastructure, professional services, and
financial sectors.

Under the high-growth scenario, total economic output is projected to peak at NTD
(NTD stands for New Taiwan Dollar. On averages (2024Y), 1 USD is approximately equiva-
lent to 32 NTD.) 1.97 trillion in 2040, with GVA of over NTD 1 trillion and 470,000 full-time
equivalent jobs generating NTD 400 billion in income. Under the baseline-growth sce-
nario, the most intensive construction activity is projected to occur between 2040 and 2045,
with output exceeding NTD 1.5 trillion with NTD 864 billion of GVA and 390,000 jobs
generating over NTD 330 billion in income. Under the low-growth scenario, output exceed-
ing NTD 1.5 trillion in 2045 with NTD 793.2 billion of GVA and 360,000 jobs generating
NTD 306.1 billion in income (see Figure 3).

During the O&M phase, the contribution to the economy will be moderate but sus-
tained, providing continuous employment and stable service-sector demand with substan-
tial cumulative effects throughout the project lifecycle.
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Figure 3. Estimated economic impacts of FOW during the construction phase, including total output,
GVA, income, and employment.

Under the high-growth scenario, O&M activities are projected to generate NTD
50 billion in annual output by 2050, with NTD 33.9 billion in GVA and the creation of
14,200 jobs generating NTD 13.8 billion in income. Under the baseline-growth scenario,
output is projected to reach NTD 42.9 billion, with NTD 29.1 billion in GVA and the creation
of 12,200 jobs generating NTD 11.8 billion in income. Under the low-growth scenario,
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output is projected to reach NTD 33.0 billion in output with NTD 22.4 billion in GVA and
the creation of 9000 jobs generating NTD 9.1 billion in income. The sectors the benefit the
most during the O&M phase include transportation and storage, support services, and
financial and insurance services (see Figure 4).
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Figure 4. Estimated economic impacts of FOW during the O&M phase, including total output, GVA,
income, and employment.
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Tables 5 and 6, respectively, list the top ten industrial sectors ranked according to
output, GVA, income, and employment effects during the construction and O&M phases of
FOW development. The rankings reveal distinct sectoral dynamics across project life cycle
stages. As shown in Table 5, the economic impact during the construction phase will be
driven primarily by traditional heavy industries and high-value-added services. Output
effects will be most pronounced in industries that play a central role in the manufacture
and installation of offshore wind infrastructure, including the fabrication of metal products,
machinery and equipment, basic metals, construction and civil engineering, and electrical
equipment. As project scale increases, financial services, professional and technical services,
and support services will also emerge as significant contributors, reflecting an expansion of
the value chain toward knowledge-intensive sectors.

Table 5. Top 10 sectors in terms of output, GVA, income, and employment impacts during the FOW
construction phase.

Rank Output Effects GVA Effects Income Effects Employment Effects
1 015 Fabricated metal 015 Fabricated metal 015 Fabricated metal 015 Fabricated metal
products products products products
’ 019 Machinery and 019 Machinery and 027 Wholesale and retail 026 Construction and
equipment equipment trade civil engineering
3 014 Basic metals 014 Basic metals .031 Financial a}nd 019 Maqhmery and
insurance services equipment
4 026 Construction and 031 Financial and 019 Machinery and 027 Wholesale and retail
civil engineering insurance services equipment trade
018 Electrical equipment 027 Wholesale and retail . 03:.3 P rofess1ona1,' 031 Financial and
5 scientific, and technical . )
and apparatus trade . insurance services
services
6 031 Financial and 018 Electrical equipment 026 Construction and 018 Electrical equipment
insurance services and apparatus civil engineering and apparatus
7 027 Wholesale and retail 026.C.onstr1'1ct1or.1 and 034 Support services 034 Support services
trade civil engineering
033 Professional, 033 Professional, 033 Professional,
8 scientific, and technical  scientific, and technical 014 Basic metals scientific, and technical
services services services
9 034 Support services 034 Support services 018 Electrical equipment 014 Basic metals
and apparatus
10 024 Electricity and gas 024 Electricity and gas 028 Transportation and 028 Transportation and
supply supply storage storage

GVA results underscore the critical role of domestic industrial capacity. The three
largest manufacturing contributors (fabricated metal products, machinery, and basic metals)
together account for 41.6% of total value added. Non-manufacturing sectors, including
finance and insurance and professional services, provide essential capital, risk manage-
ment, and project execution capabilities. Income effects are likewise led by the fabricated
metal products sector, confirming its central role in the wind-energy supply chain, with
additional contributions from finance, retail, construction, and logistics-related industries.
Employment effects follow the same pattern: Job creation is most concentrated in fabricated
metal products, construction, and machinery, with steady contributions from logistics and
administrative services. Taken together, these results indicate substantial labor demand for
both on-site construction activities and project coordination functions.

https://doi.org/10.3390/su18020804


https://doi.org/10.3390/su18020804

Sustainability 2026, 18, 804

16 of 23

Table 6. Top 10 sectors by output, GVA, income, and employment impacts during the
FOW O&M phase.
Rank Output Effects GVA Effects Income Effects Employment Effects
1 028 Transportation and 028 Transportation and 028 Transportation and 028 Transportation and
storage storage storage storage
2 031 Financial and 031 Financial and 031 Financial and 031 Financial and
insurance services insurance services insurance services insurance services
3 034 Support services 034 Support services 034 Support services 034 Support services
033 Professional, 033 Professional, 033 Professional, 033 Professional,
4 scientific, and technical  scientific, and technical  scientific, and technical  scientific, and technical
services services services services
5 07 Petroleum and coal 07 Petroleum and coal 027 Wholesale and retail 027 Wholesale and retail
products products trade trade
6 027 Wholesale and retail 027 Wholesale and retail 039 Other Services 039 Other Services
trade trade
030 Publishing,
- 015 Fabricated metal 032 Real estate and audiovisual, and 015 Fabricated metal
products housing services information and products
communication services
030 Publishing,
. audiovisual, and 015 Fabricated metal 029 Accommodation
8 014 Basic metals ] ) .
information and products and food services
communication services
9 032 Real estate and 024 Electricity and gas 023 Other Manufactured 019 machinery and
housing services supply Products equipment
030 Publishing,
10 019 machinery and 015 Fabricated metal 019 machinery and audiovisual, and
equipment products equipment information and

communication services

As shown in Table 6, the O&M phase will generate a pattern of longer-term, service-
driven economic engagement, with relatively stable expenditures generating persistent
effects across key sectors. As the logistical backbone of wind farm operations, transportation
and storage are expected to dominate across all four economic indicators, accounting for
42.4% of total output effects. There will also be a heavy reliance on mid- to long-term
network of service-oriented sectors, including financial and insurance services, professional
and technical services, support services, and wholesale and retail trade. These findings
confirm that even after the construction stage, FOW development will continue to generate
substantial domestic value.

GVA effects will be concentrated in finance, technical support, and auxiliary services,
with modest but important contributions to the material supply and backup energy sectors.
In terms of income and employment, the O&M phase will be shaped primarily by labor-
intensive service industries. Transportation and storage are expected to contribute the most
to income effects, due to a heavy reliance on shipping, warehousing, and logistics. Across
all scenarios, support services, financial and insurance sectors, and technical consulting
firms are expected to maintain steady performance throughout the operational lifecycle.
The economic footprint of FOW operations will extend across core as well as auxiliary
service sectors, including wholesale and retail, accommodation and food services, and
real estate.
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From the perspective of economic structure, the patterns across output, value added,
income, and employment helped clarify the economic benefits of FOW over the projected
life cycle. During the construction phase, the largest gains in output and value added
are concentrated in manufacturing and engineering activities that require substantial
capital investment. This suggests that the economic payoff depends strongly on upstream
industrial capacity, the ability to scale production, and the extent to which components and
installation services can be supplied locally.

Income and employment effects during construction also indicate that near-term bene-
fits include increased demand for labor associated with project delivery, coordination, and
on-site work. Overall, these results highlight the importance of industrial preparedness and
a well-developed supply chain for strengthening domestic participation and maximizing
local value creation.

The O&M phase exhibited economic effects more evenly distributed across service-
oriented sectors, with logistics, finance and insurance, technical services, and wholesale,
and retail trade jointly supporting sustained output and value-added generation. The dom-
inance of these sectors across multiple indicators implies that long-term economic benefits
from FOW deployment depend less on manufacturing intensity and more on the availability
of specialized services, operational reliability, and institutional support functions.

These findings indicate that FOW development delivers front-loaded industrial stim-
ulus during the construction phase, followed by durable service-based value creation
during the operation phase. This underscores the need to consider both industrial and
service-sector dynamics when evaluating the broader economic implications of offshore
wind deployment.

4.2. Environmental Benefits

To evaluate the effects of FOW on carbon emission reductions, we employed pro-
jections of Taiwan’s electricity sector published by the Industrial Technology Research
Institute (ITRI), which were generated using the Long-range Energy Alternatives Plan-
ning (LEAP) model [40]. These simulations provide annual projections of both the grid
emission factor and total greenhouse gas emissions from 2030 to 2050, during which the
average grid emission factor is expected to decline progressively from 0.317 kgCO,e/kWh
in 2030 to 0.105 kgCO,e/kWh by 2050, reflecting Taiwan’s ongoing energy transition
toward decarbonization.

We estimated the annual electricity generation from FOW under each of the three
development scenarios by applying a net capacity factor of 46%, as recommended by Mai
et al. [41] in the U.S. NREL report. The resulting generation figures were then multiplied
by the projected grid emission factors to quantify the corresponding reductions in annual
carbon emissions.

Our analysis revealed a strong correlation between the scale of FOW deployment
and its contribution to decarbonization in the power sector. Under the high-growth sce-
nario, annual generation will reach 9993.41 GWh in 2030, corresponding to a reduction
of 3.17 million metric tons of CO, equivalent (MtCOze). By 2040, annual generation will
increase to 72,475.8 GWh with estimated reductions of 15.20 MtCOye. In 2050, FOW
generation will reach 99,087.86 GWh with annual reductions of 10.40 MtCOze.

Under the baseline-growth scenario, annual electricity generation will reach
85,024.56 GWh by 2050 with an estimated carbon reduction of 8.93 MtCO;e. Under the
low-growth scenario, annual electricity generation will reach 65,319.82 GWh with a carbon
reduction of 6.86 MtCO,e (see Figure 5). These findings underscore the pivotal role of FOW
in mitigating emissions over the long-term, particularly under more ambitious deployment
trajectories. Across all scenarios, the installed capacity and annual generation in 2050 will
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exceed those in 2040; however, the carbon reduction per unit of electricity is expected to
decrease over time due a decrease in the grid emission factor as the power system moves
toward decarbonization. This outcome reflects Taiwan’s broader progress and does not in-
dicate a smaller absolute contribution from FOW. Instead, it highlights the complementary
role of FOW within a progressively cleaner electricity mix.

2000

1500

1000

500

0 L
2030 2040 2050

m high-growth scenario 316.79 1520.38 1040.42
® baseline-growth scenario 114.96 926.41 892.76
low-growth scenario 37.04 424.46 685.86

Figure 5. Projected carbon emission reductions from FOW under different development scenarios
(2030-2050), expressed in 10* tCO,e.

These results highlight the role of FOW in supporting Taiwan'’s efforts to achieve
long-term decarbonization. As part of an integrated renewable-energy portfolio, FOW
could have a profound effect on reducing emissions and achieving the 2050 net-zero
emissions target.

4.3. Discussion and Limitations

This subsection synthesizes our results by comparing the structural effects of FOW
deployment during the construction and O&M phases. The construction phase is character-
ized by short-term but highly concentrated economic effects, generating substantial output,
value added, and employment in capital-intensive manufacturing and engineering sectors,
such as fabricated metal products, machinery, basic metals, and civil engineering. These
effects are likely to peak during periods of intensive investment, reflecting the upfront
industrial and infrastructure requirements of large-scale FOW development.

The annual economic effects of O&M, predominantly in service-oriented sectors, are
expected to be less pronounced but more persistent throughout the project lifecycle. Value
added and employment during this phase will be dominated by logistics, transportation,
financial services, insurance, and technical support activities, indicating a structural shift
from manufacturing-led growth toward service-based economic engagement.

From an environmental perspective, the benefits for emission reduction are not ex-
pected to occur until the operational phase, during which the generated electricity will
contribute cumulatively to CO, mitigation over the long term. Taken together, it appears
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that FOW deployment will require a dual policy tailored to the distinct stages of the project
life-cycle.

We determined that the magnitudes of economic outcomes during the construction
and O&M phases are broadly comparable to those reported in the international literature.
In addressing the construction phase, Jimenez et al. [24] estimated that a 400 MW FOW
project in Hawaii could generate approximately 5000-6500 jobs and USD 0.6-0.75 billion
in value added, while Speer et al. [26] reported that large-scale deployment of 10-16 GW
along the U.S. West Coast would increase the GDP by USD 16.2-39.7 billion. Under the
high-growth scenario examined in this study, Taiwan’s construction-phase would generate
NTD 1.97 trillion in total output with over NTD 1 trillion in value added and roughly
470,000 jobs. These effects are comparable to those reported in large-scale deployments in
other countries.

Evidence from the EU further highlights the role of domestic supply-chain integration
in shaping economic outcomes. Studies focusing on the UK and Scotland suggest that
higher localization rates and mature industrial ecosystems substantially enhance value-
added and employment effects. Allan et al. [28] reported that increasing localization rates
in the UK offshore wind sector to roughly 60% could yield cumulative economic benefits
approaching GBP 30 billion, while Connolly [42] estimated that large-scale offshore wind
expansion in Scotland could generate GBP 3.88 billion in gross value added and more
than 82,000 annual jobs. Taiwan’s value added and employment per unit of installed
capacity are expected to be lower than those of these mature markets, reflecting differences
in development stage, supply-chain maturity, and industrial linkages.

Previous studies focusing on the O&M phase reported moderate but persistent con-
tributions to the economy. Estimates for large-scale regional deployment along the U.S.
West Coast suggest an annual effect on the GDP ranging from USD 0.1-0.3 billion at the
state level [25] to USD 3.5-7.9 billion under large-scale regional deployment [26]. Our
findings suggest that under the high-growth scenario in Taiwan, the O&M phase could
generate NTD 33-50 billion in annual output by 2050, with gross value added of around
NTD 33.9 billion and employment effects ranging from 9000 to 14,200 jobs. These results are
consistent with international evidence pertaining to medium- and large-scale deployment.

Overall, the estimates of economic impact generated in this study are reasonable
in terms of magnitude and phase-specific structure. Differences between Taiwan and
mature offshore wind markets reflect variations in localization levels, industrial maturity,
and supply-chain integration, underscoring the importance of conducting Taiwan-specific
assessments while situating the results within a broader international context.

Finally, this study was subject to several limitations and challenges, which should be
taken into account when interpreting our findings.

1.  FOW in Taiwan remains an emerging technology with no deployment to date. Due to
a lack of domestic empirical data on cost structures, supply-chain composition, and
operational characteristics, current assessments rely on international sources such as
NREL and GMI to calibrate estimates of capital expenditures, O&M costs, and growth
trajectories. The accumulation of local data as the FOW industry develops will enable
future researchers to refine these parameters to improve the accuracy of the findings
and enhance their relevance to policy decisions.

2. The learning rate applied in this study was adopted from the international literature
(e.g., ORE Catapult [38]). Although it provides a useful benchmark, it does not
capture the cost dynamics specific to the Taiwanese market. It is likely that localized
learning effects, shaped by supply chain maturity, industrial policy, and domestic
innovation, will diverge from global patterns. Thus, it will be necessary to update
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these parameters with Taiwan-specific learning curves to improve cost projections in
the future.

3. A core limitation of I-O analysis is its reliance on fixed technical coefficients, which do
not account for dynamic changes such as technological advances, import substitution,
improvements in productivity, or price fluctuations. Static assumptions inevitably lead
to overestimates or underestimates of economic outcomes. Future researchers should
address these limitations by integrating I-O analysis with dynamic econometric or
CGE models.

4.  The I-O framework used in this study relies on the most recent dataset from DGBAS.
As this dataset is anchored to the 2021 I-O table, it does not capture structural changes
in the economy or supply chain that have occurred since 2021. Input data should be
updated once newer I-O tables are released.

5. This study assumed a constant net capacity factor of 46% for FOW across all scenarios,
consistent with international practice. However, actual capacity factors are likely to
differ with site-specific wind resources, turbine technology, and maintenance sched-
ules. Moreover, this analysis does not incorporate likely advances in energy efficiency
or system integration. These factors should be included in more detailed simulations.

5. Conclusions and Policy Implications

FOW power generation is emerging as a critical pillar in the global energy transi-
tion. toward net-zero emissions. Despite positioning offshore wind as a cornerstone of its
2050 Net-Zero Emissions Pathway, Taiwan has yet to clearly delineate capacity targets for
floating versus fixed-bottom systems or systematically assess the broader economic impli-
cations. This study employed scenario-based analysis integrating S-curve modeling for
capacity trajectories with a learning curve approach to estimate cost reductions associated
with FOW implementation during the critical period from 2030 to 2050.

Under the high-growth scenario, FOW capacity is projected to expand from 2.48 GW
in 2030 to 24.59 GW in 2050, increasing total offshore wind capacity from 20.93 GW to
53.78 GW. This would also decrease installation costs from USD 4628.21 /kW in 2030 to USD
3326.09/kW in 2050, due to learning effects and economies of scale. The growth in capacity
and cost benefits is less pronounced under the baseline and low-growth scenarios, but
FOW is expected to deliver robust economic returns and substantial emissions reductions
regardless of the speed of implementation. In 2040, during the construction phase, the high-
growth scenario is projected to generate NTD 1.97 trillion in total output while reducing
emissions by 15.20 MtCO,. By 2050, annual reductions remain considerable at 10.40 MtCO,,
underscoring the role of FOW in displacing fossil-based electricity generation over the
long term.

FOW development is expected to deliver substantial economic benefits across both the
construction and O&M phases. Initial construction will produce short-term gains, primarily
in capital-intensive sectors such as fabricated metals, machinery, construction, and electrical
equipment. Under the high-growth scenario, economic output in 2040 is projected to reach
NTD 1.97 trillion, generating more than NTD 1 trillion in GVA and over 470,000 jobs. The
O&M phase will provide modest but stable returns in the long term, mainly in service-
oriented industries such as logistics, finance, and support services. By 2050, annual O&M
output is expected to reach NTD 50 billion and generate about 14,200 jobs.

Based on the quantitative findings, this study proposes the following policy consid-
erations to optimize the socio-economic and environmental benefits of FOW deployment
in Taiwan:

1.  Optimize the capture of domestic value by developing infrastructure to increase
supply-chain capacity
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Our findings indicate that upstream industrial capacity will play a pivotal role in
generating economy-wide spillover effects with the most pronounced effects observed
in output, value added, and employment during the construction phase. These effects
will be driven predominantly by capital-intensive industries, such as civil engineering,
and the development of facilities for machining and metal fabrication. Thus, policy
measures should prioritize the expansion of domestic supply-chain capacity and
the elimination of structural bottlenecks that might otherwise constrain large-scale
project implementation. Key actions include supporting manufacturing capability
for critical components, advancing workforce development in specialized industrial
skills, and investing in enabling infrastructure such as port facilities, installation
capacity, and dedicated logistics. By aligning industrial development strategies with
principal economic drivers, it should be possible to enhance domestic value capture
and transform short-term construction activity into longer-term industrial capability.
Consolidating long-term economic benefits through O&M service-sector development
Economic effects during the O&M phase are not expected to reach the magnitude of
those in the construction phase; however, the O&M will provide long-term benefits,
particularly in logistics and professional services, including transportation, finance,
insurance, and technical consultancy. Nonetheless, realizing these durable benefits
will require policy geared toward an integrated O&M ecosystem with enhanced
logistic coordination, inspection services, and associated professional expertise. It will
also be necessary to promote the development of human capital through certification
and skill-upgrading programs to ensure labor availability and bolster productivity
throughout the FOW value chain.

Aligning policy and financing frameworks with quantified decarbonization outcomes
Our environmental assessment revealed that FOW deployment will greatly reduce
CO; emissions, even as the grid emission factor declines over time. FOW is expected
to play an important role in Taiwan’s long-term decarbonization pathway; however,
this issue should be assessed in terms of installed capacity as well as measurable
mitigation outcomes within an evolving electricity mix. Public policy and financing
frameworks should incorporate these quantified effects on emissions into investment
appraisals and climate-aligned financial instruments. This could include the linking
of support mechanisms and risk-sharing arrangements to emissions performance.
A coordinated institutional framework that links industrial development, energy
planning, and climate governance could enhance policy coherence and help realize
the combined economic and environmental returns identified in this study.
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