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Abstract: Taiwan has been actively advancing offshore wind energy, with significant
progress in deep-sea and large-scale turbine development. However, this growth poses
challenges to coastal fishery communities, particularly regarding the protection of fishery
rights and livelihoods. This study employs the Life Cycle Sustainability Assessment (LCSA)
framework to evaluate the impact of offshore wind farm (OWF) on fishery rights in Taiwan.
Through an extensive literature review, we identify key indicators influencing fishery
rights within the OWF context. To ensure a comprehensive analysis, expert surveys from
diverse fields provide additional insights into these impacts. By aligning our findings
with international frameworks, the International Finance Corporation (IFC) Performance
Standards (PS) and the Equator Principles (EP), this research underscores the significance of
integrating both local concerns and global standards in OWF development. In the lifecycle
of long-term, large-scale OWF projects, PS1 of the IFC PS is the most widely applicable
standard, whereas P2, P4, P5 and P9 of the EP plays a central role in ensuring compliance
and operational efficiency. This study uniquely integrates local fishery rights into global
frameworks, bridging regional socio-economic concerns with international sustainability
standards—a novel approach to balancing offshore wind development with community
interests. Ultimately, this research emphasizes the importance of balancing renewable
energy advancement with the preservation of fishery rights.

Keywords: LCSA; offshore wind; fishery rights; renewable energy; international finance
corporation standards; equator principles

1. Introduction
1.1. Background of Development in Offshore Wind

In 2021, the United Nations Climate Change Conference (COP26) was held in Glas-
gow, Scotland. Key commitments included phasing out fossil fuels and reducing methane
emissions by 30% by 2030. The reality of climate change and the energy crisis has led
many countries to turn their attention to developing renewable energy. Wind is one of
the cleanest energy sources and currently the largest renewable energy in the market [1,2].
On 19 November 2020, the European Commission released a long-term strategy for off-
shore wind energy, setting ambitious goals: 60 GWp offshore wind farm (OWF) should
be installed by 2030 and 300 GWp by 2050 [3]. Wind energy has fewer restrictions on
land use, while competition for marine space is relatively greater [4]. Onshore wind farms
are becoming increasingly saturated, and offshore areas also face the challenge of having
insufficient traditional wind (near-coastal) sites. The trend of wind energy development
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is from the coast to the coast and then to the deeper areas of the sea [4,5]. Offshore wind
technology includes traditional fixed foundation wind turbine technology and emerging
floating wind technology [6]. Offshore energy developments also raise concerns about com-
petition for access to resources and can lead to conflicts between existing (e.g., fishing) [7].
Taiwan is densely populated with limited land for the construction of energy plants and
limited environmental carrying capacity. However, the development of rich offshore wind
resources in the Taiwan Strait is one of the best wind farms in the world [8]. Taiwan
National Development Council also launched the “Taiwan 2050 Net-Zero Emission Path
and Strategy” in 2022, which increases the renewable energy capacity target from 20% in
2025 to 60% or more in 2050, mainly relying on wind and solar energy. Moreover, Taiwan is
gradually establishing the vigorous development of offshore wind energy, moving toward
floating and large-scale units [9,10].

1.2. The Impact of Offshore Wind Farm on Fishery Rights

Taiwan government revised the Renewable Energy Development Act, widens the limit
of usage rights over ocean spaces, thereby expanding the scope for offshore wind energy
projects beyond the traditional territorial boundaries [11]. (According to Taiwan’s Fisheries
Act, fishing refers to the industry involved in the capture or cultivation of aquatic plants
and animals, along with its associated processing and marketing sectors [12]. The concept
of fishing rights discussed here further refers to the direct or indirect impacts on coastal
communities, marine fishers, and related industries throughout the life cycle of offshore
wind farm.) As this extension of usage rights over broader ocean areas progresses, it brings
to the forefront a complex issue of legal rights, ownership, and usage claims. Addressing
these concerns becomes increasingly challenging, as there is still a lack of relevant laws,
regulations, and experience in managing relationships among various stakeholders [13].
Taiwan has 126,055 fishing households and 319,783 people employed in the fishery industry.
Offshore fishery production accounts for more than half of the total annual fishery yield,
with 475,111 out of 874,696 metric tons. Coastal fishery production also accounts for about
13%. Non-inland fishery production accounts for about 70% [14]. Taiwan'’s fisheries are
mainly marine fisheries, and changes in the use of marine rights are almost inevitable to
affect Taiwan’s fisheries. The land development model is being applied to the ocean, and
marine space is showing a gradual occupancy trend [15]. The development of renewable
energy, such as wind energy, triggers complex economic and social changes, making land a
focal point of controversy due to the demand for and nature of land use [16]. Weak land
tenure systems and regulations tend to favor renewable energy project developers rather
than developing communities [4]. Offshore wind development is a multiple intersection
of energy generation, fishing, and conservation needs [17]. The use of marine space
involves many stakeholders. Wind farms are not the only consideration in marine space,
and expanding new energy sources will affect interactions with existing spaces [18,19].
Fishermen, who are also mostly coastal residents, are one of the core stakeholders in OWF.
The siting of wind projects typically hinders fishing activities previously carried out in
prime fishing grounds [15,20]. Whether offshore wind interferes with fishing is a major
concern for fishermen [21]. Fishing closures in wind farms will result in fishing losses
and will almost certainly lead to the displacement of fishing activities [22]. All fishermen
see their livelihoods threatened by fishing closures around OWF [23]. The development
of offshore wind farms in Taiwan has already triggered the most intense conflicts among
coastal residents and fishermen [15].
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1.3. Life Cycle Stages of Offshore Wind Farm in Taiwan

The life cycle of OWF in Taiwan can be divided into four main stages: development,
construction, operation and maintenance, and decommissioning (see Figure 1) (Figure 1
illustrates all life cycle stages of OWF projects, including their duration and the critical
milestones for obtaining necessary permits. It is important to note that the sub-stages
within each main stage are not strictly delineated, which is why the progress bars for
sub-stages do not align precisely with the boundaries of the four primary stages). The
development stage, which typically lasts three to five years, serves as a critical starting point
for wind farm construction, encompassing technical, economic, and social planning and
coordination. Initially, developers must obtain approval and complete the Environmental
Impact Assessment (EIA), a process that typically takes around two years. Following this,
they engage in competitive bidding processes to secure development rights. Subsequently,
they apply for construction and associated permits, requiring an additional two years. In
addition, developers are required to conduct geological, wind and meteorological surveys
while simultaneously preparing detailed design timelines, a phase that can take between
two and three years. More importantly, they must also develop equity financing and
project financing plans to ensure financial feasibility. Besides, according to Taiwanese
government regulations, developers must reach compensation agreements with local
fishers before construction begins. These agreements cover economic benefit planning,
fishery compensation, and benefit distribution throughout the wind farm’s life cycle. Given
the complexity of assessing fishery losses and allocating compensation resources, achieving
a fair and scientifically-based resolution poses significant challenges for developers.

Development Stage
3--5 years

Construction Stage Operation & Maintenance Stage
3--5 years 25--30 years

Approval and
Environmental
Impact
Assessment

Bidding

Establishment

Permit Application

Surveying and
Design Development

Working Permit

Manufacturing of Electricity
Equipment and
Components

Business License

Transportation,
Construction,
Installation

Operation and Maintenance

Figure 1. Life cycle of OWF stages.

The construction stage, typically lasting three to five years, involves the manufac-
turing of equipment and components, which takes about two to three years, as well as
transportation, construction, and installation, also requiring approximately two to three
years. This stage encompasses multi-dimensional engineering activities on land and at
sea. Onshore activities include constructing substations and laying underground cables
to connect to the power grid. Nearshore activities involve building offshore substations
and installing subsea cables, while offshore activities require constructing underwater
foundations and transporting and installing wind turbines. These operations may impact
the surrounding environment and alter local fishing practices, necessitating appropriate
mitigation strategies to minimize adverse effects.
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The operation and maintenance stage is the longest in the wind farm life cycle, typically
lasting 25 to 30 years, and involves routine operations, periodic maintenance, and ocean
weather monitoring. This stage begins with initial trial operations and transitions into
formal commercial operations. To support fishery communities, developers may enhance
local benefits through initiatives such as artificial reef projects or community support
programs. Additionally, continuous monitoring and evaluation of the wind farm’s impact
on fishery resources and ecosystems are essential to achieve the dual goals of sustainable
energy production and ecological conservation.

Finally, the decommissioning stage occurs when the equipment reaches the end of its
life cycle and involves the dismantling, replacement, and proper disposal of turbines and
associated infrastructure. In stark contrast to the decades-long operation and maintenance
phases, this stage is typically completed within 2 years, making it a rapid yet critical
process. However, despite its short duration, decommissioning requires careful evaluation
of its impacts on surrounding fisheries and ecosystems, alongside the development of
targeted mitigation and restoration plans. Overall, the life cycle of OWF in Taiwan is highly
complex, necessitating multi-stakeholder negotiation and benefit reconciliation to balance
energy development, ecological protection, and fishery community well-being, ultimately
contributing to comprehensive sustainable development goals.

2. Methodology
2.1. Life Cycle Sustainability Assessment

Life Cycle Sustainability Assessment (LCSA) is an analysis of the overall three benefits
of an industry within a regional scope. It integrates the environmental, economic, and social
aspects of a product, system, or technology to assess its sustainability. LCSA assesses a
project from raw material extraction to end-of-life disposal, i.e., “from cradle to grave” [24].
Life Cycle Assessment (LCA) is the only internationally standardized environmental as-
sessment method. ISO 14040:2006 [25] provides a complete technical framework for LCA.
Since the ISO 14040 standards were introduced, research output on environmental LCA
has rapidly increased, and LCA methodology has continually evolved and matured over
decades. Life Cycle Costing LCC considers the costs across the entire life cycle of a product
for all relevant stakeholders, including suppliers, manufacturers, consumers, and end-of-
life disposal. In developed countries, the demand for LCC is increasing in both public and
private sectors. It is widely applied to assess the total costs of large infrastructure projects.
Social Life Cycle Assessment (SLCA) is a technique to assess social impacts and potential
impacts considering stakeholders that may be directly or indirectly affected by social and
socioeconomic aspects over a product or service life cycle. Theoretically, SLCA can be
applied to any product or service. Like LCC, SLCA does not have an international standard
like ISO 14040 for LCA. However, the UNEP/SETAC Life Cycle Initiative’s “Guidelines
for Social Life Cycle Assessment of Products” serves as the most widely used guidance,
representing a developed standard [26-30].

LCSA = LCA 4 LCC + SLCA, (1)

Our scope is to apply LCSA methodology to evaluate the sustainability of OWF devel-
opment in Taiwan, focusing on the three dimensions: environmental, economic, and social.
Specifically, the study seeks to uncover the key elements that influence the relationship
between OWF development and the protection of fishery rights. Our goal is to provide
a comprehensive, internationally aligned understanding of how offshore wind energy
projects interact with fishery rights. The study emphasizes the coexistence of humanitarian
values and sustainable development, ensuring that OWF projects are not only efficient and
environmentally responsible but also respectful of local communities” well-being.
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2.2. Criteria for Indicators Selection

Taiwan’s offshore wind energy projects lack a comprehensive analysis of evaluation
indicators in the existing literature. To address this gap, we refer to research on life cycle
methods in the fields of renewable energy and large-scale construction projects, drawn from
international journals [31-40]. We systematically organize and summarize these studies, as
detailed in Table 1, to provide a structured foundation for our analysis. The selection of
criteria and indicators for evaluating the sustainability of OWF requires a comprehensive
approach that considers environmental, economic, and social dimensions. By integrating
the findings from international research, we ensure that the LCSA methodology can provide
a balanced and holistic evaluation of the sustainability of OWF projects in Taiwan. This
methodology enables decision-makers to evaluate the complex interplay between offshore
wind energy development and the protection of fisheries, ensuring that energy development
is aligned with sustainable resource management and community well-being.

To identify the most relevant sustainability indicators, this study conducts a survey
based on existing literature. Indicators that meet a predefined consensus threshold are
selected for evaluation. The most common definition for consensus was percent agreement,
with 75% being the median threshold to define consensus, as reported in 25 studies [41].
In some studies, participants were required to reach at least 80% agreement to fall within
the consensus category, which is commonly applied in forecasting or when the topic lacks
a clear consensus [42]. For group-level comparisons or research purposes, values of 0.60,
0.70, or 0.80 are often used as minimum standards for reliability coefficients, with values
at or above these thresholds considered sufficient [43]. We set the consensus threshold
at 80%, ensuring that only indicators with substantial support are included. The survey
table is shown in Appendix A. By combining survey and literature, this study provides
a rigorous framework for selecting sustainability indicators. This methodology ensures
that the chosen criteria accurately reflect community values and serve as a reliable basis for
evaluating offshore wind energy projects in Taiwan.

Table 1. LCSA Criteria

Category Criteria Authors
Resource Depletion [32,35,39,40]
Material Recyclability [37]
. Climate Change [31-40]
Environmental LCA Emission/Pollution [31,32,34-37,39,40]
Wastes [31,32]
Land Use [31,33,34,37,38]
Efficiency [33,34,38]
. Levelised Cost [31,33-35,37-40]
Economic LCC Capital Cost [32,35,36,38—40]
Total Annualised Costs [35-40]
Job Creation [31,32,34,37,38,40]
Worker Safety [31,32,39,40]
Social SLCA Society Acceptance [32,39]
Energy Security [34,37-40]
Human Health [31,32,37-39]

2.3. International Standards

Our approach involves incorporating an analysis of the relationship between the
final indicators and the standards established by the International Finance Corporation
(IFC) and the Equator Principles (EP). Specifically, after completing the refinement of the
indicators through LCSA and literature review, we then assess which indicators align



Sustainability 2025, 17, 2980

60f17

with the IFC and EP standards. This is crucial for three main reasons: first, as outlined
in the introduction, ensuring financial feasibility during the development stage requires
the formulation of equity financing and project financing plans; second, these projects,
particularly in Taiwan, often involve collaboration with international companies, making
adherence to global financing standards essential; third, both the IFC and the EP themselves
are aligned with sustainability principles, reinforcing the need for these standards in the
context of OWF projects.

Due to the large scale of the OWF, construction costs are quite high and require
significant investment. Project financing relies on the project’s own generated cash flow as
a repayment source and collateral for creditors. It usually involves multi-party cooperation
and risk sharing. As a borrower in project financing, the developer must submit reports
that meet the sustainability standards of the IFC and the EP to demonstrate that the project
follows environmental and social sustainability and effectively manages environmental
and social risks. This is critical to gaining the trust and support of financial institutions,
which act as lenders in project financing.

IFC is a member of the World Bank Group and is responsible for promoting investment
and development from the private sector in developing countries. Currently, the 2012
version of the IFC Performance Standards is the latest and most widely used version
by IFC and other financial institutions that have adopted the EP. The IFC Performance
Standards include eight standards that cover different aspects of environmental and social
sustainability. The Equator Principles (EP) consist of 10 principles that form a voluntary risk
management framework adopted by financial institutions to identify, assess, and manage
environmental and social risks in project financing. For OWE, a Supplemental Lender
Information Package (SLIP) is required to address the significant gaps between the project’s
Environmental Impact Assessment (EIA) and the requirements set by Equator Principles
Financial Institutions (EPFI). The EP applies to all projects financed by EPFI, irrespective of
their sector, location, or size.

3. Results
3.1. Environmental Dimensions

Our results regarding the environmental dimension are summarized in Table 2 below.
The construction of OWE which involves the installation of turbines, platforms, cables,
and related infrastructure, consumes significant resources such as metals, minerals, and
fossil fuels. The resource depletion indicator measures the abiotic energy consumption
associated with these activities, including the extraction and use of natural resources. This
indicator is relevant as the use of local resources during the construction phase may affect
the availability of resources critical to the fishing industry. If recyclable or environmen-
tally friendly materials are used in this process, it is a positive benefit. The selection of
abiotic energy consumption and use of recyclable or environmentally friendly materials as
indicators is closely related to fishery rights, as both influence the sustainability of marine
ecosystems that fishers depend on. The Climate Change indicator, we simplify the impact
by measuring the core positive benefit of this project in terms of the potential reduction in
carbon dioxide (CO;) emissions. It reflects how OWF help mitigate global warming. This
reduction supports both human livelihoods and the sustainability of fisheries by preserving
marine ecosystems, thereby protecting the living rights of fishing communities. Although
we assume that the OWF brings positive benefits to Taiwan’s energy and climate, we cannot
ignore the environmental pollution generated by the project because it produces green
energy. As mentioned earlier, OWF includes not only offshore wind turbines but also
factories or equipment for transmission and processing. First, large wind turbines have an
impact on the marine environment. The shading of sunlight in the marine area by the wind
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turbine platforms, the destruction of marine topsoil by fixed wind turbines, noise pollution,
and the discharge of pollutants, etc., can cause ecological damage to marine life. The areas
selected for wind farm are also fishing areas, and the fish caught there reach human tables,
which may also have biological toxicity to humans. The submarine cables and onshore
factories along the coast also change the coastal environment to some extent. This is why
in our indicators, we select the measurement of pollution such as acidification potential,
eutrophication potential, human toxicity potential, marine aquatic ecotoxicity potential,
and terrestrial ecotoxicity potential. Another criticism of wind turbines is noise pollution.
To some extent, offshore wind turbines may have less noise pollution impact on humans,
but the noise generated still has an impact on coastal residents, surrounding organisms,
or possibly passing vessels. In addition, OWF may also generate a certain amount of
solid waste, causing marine pollution. These indicators not only measure environmental
health but also assess the economic and social dimensions of the project, including the
living conditions, livelihoods, and rights of fishermen, as well as the broader impacts on
industries such as tourism and coastal economies. By evaluating these impacts, we can
better understand how the OWF might influence the sustainability of marine resources,
disrupt local economies, and affect the livelihoods of those dependent on fishing and other
coastal industries. The last indicator is the amount of land use, which is the land (land
is not limited to onshore land but also includes marine space) occupied and used due to
the OWF, involving not only the ocean but also the seabed and the coast. In addition to
wind turbines and wind turbine platforms, cables, factories, etc. are also needed to work
together to ultimately convert wind energy and deliver electricity. Land space is the carrier
of intersecting interests of human activities, and its use may lead to conflicts over legal
rights. These conflicts can arise over questions of who owns and controls the sea—whether
it belongs to the state, private developers, or fishing communities. Such disputes can
particularly affect fishery rights and developer land use rights, as the areas occupied by
the OWF may overlap with established fishing zones. These legal conflicts may impact the
livelihoods of fishermen, the sustainability of fishing activities, and the rights of developers,
requiring careful consideration and management of competing interests.

Thus far, all indicators of LCA appear to be closely linked to Performance Standard
1 (PS1): Assessment and Management of Environmental and Social Risks and Impacts.
PS1 requires relevant personnel to identify, assess, and manage the environmental and
social risks and impacts of their projects. This entails developing a system to manage
these risks and impacts and engaging with stakeholders throughout the project lifecycle.
Similarly, the guidance provided in PS3 (Resource Efficiency and Pollution Prevention)
regarding the effective utilization of resources, pollution prevention, use of clean tech-
nologies, waste reduction, and conservation of water and energy aligns well with LCA
principles. Furthermore, the handling of land use specified in PS5 (Land Acquisition and
Involuntary Resettlement) corresponds to our land indicators. PS6 (Biodiversity Conserva-
tion and Sustainable Management of Living Natural Resources) directs projects to protect
biodiversity and manage living natural resources sustainably, minimizing adverse impacts
on biodiversity, which resonates with concerns addressed in the Resource depletion and
Climate change Emission/Pollution indicators.

The EP provide more procedural guidance, particularly relevant in project assessment.
Principle 1 (Review and Categorization) emphasizes that assessment criteria should be
categorized by severity and scale, which should be applicable to the assessment results
of LCA’s Climate change and Emission/Pollution indicators. The content of Principle 2
(Environmental and Social Assessment) underscores the need for financial institutions to
exercise thoroughness and prudence in environmental assessments. Principle 4 (Environ-
mental and Social Management System and Equator Principles Action Plan) interlinks both
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environmental and social aspects, jointly examining and reporting to address risks. Most
environmental indicators of LCA reflect this principle.

Table 2. Environmental Indicators Table.

Issue

IFC Performance

Indicators Units Standards/Equator Principles

Abiotic resource depletion

: kg Sb eq./GWh PS1 PS3 PS6/P2 P4
. potential (elements)
Resource Depletion Abiotic resource depletion
potential (fossil fuels) MJ/GWh PS1PS3 PS6/P2 P4
. . Usage of recycled materials Point or % PS1 PS3/P2 P4
Material Recyclability Usage of environmental materials Point or % PS1 PS3/P2 P4
Climate Change Global warming potential kg CO, eq./GWh PS1 PS3 PS6/P1 P2 P4
Acidification potential (SO;, NOy,
HCI and NH; etc.) kg SO, eq./GWh PS1 PS3 PS6/P1 P2 P4
Eutrophication potential (N, NOy,
NH[, PO, etc.) kg PO4 eq./GWh PS1 PS3 PS6/P1 P2 P4
Emission/Pollution Human toxicity potential kg DCB eq./GWh PS1 PS3 PS6/P1 P2 P4
Marine aquatic kg DCB eq./GWh PS1 PS3 PS6/P1 P2 P4
ecotoxicity potential
Terrestrial ecotoxicity potential ~ kg DCB eq./GWh PS1 PS3 PS6/P1 P2 P4
Noise pollution Db eq./GWh PS1 PS3 PS6/P1 P2 P4
Solid Wastes Solid wastes m3 PS1 PS3 PS6/P1 P2 P4
Land Use Land requirement km?2/GWh PS1 PS5/P2 P4

3.2. Economic Dimensions

The results for the economic dimension are summarized in Table 3. The first key
indicator for evaluating the performance of OWF is the conversion of input energy to
useful output energy, which measures how efficiently wind farms convert wind energy
into electricity. The efficiency of an OWF plays a critical role in its economic performance.
Higher energy conversion efficiency directly impacts the financial viability of the project by
maximizing energy output while minimizing operational costs. The development of a wind
farm is a complex and lengthy process, with operating time being a crucial factor. Operating
time refers to the period after construction is completed and the wind farm becomes fully
operational. It is a key determinant of both the financial and environmental performance
of the project, as it defines how long the wind farm can generate electricity and provide a
return on investment. Longer operating times lead to higher energy production efficiency
and better financial outcomes, making it essential to optimize this phase for maximum
performance and sustainability. Taiwan’s offshore wind power projects, which require large-
scale financing, must effectively balance costs and benefits. We assess both aspects using
key indicators commonly discussed in the literature and relevant to our analysis. These
indicators include Levelized Cost of Energy (LCOE), capital cost, and total annualized cost.
Levelized Cost of Energy (LCOE) provides a comprehensive measure of the per-unit cost
of electricity over the project’s lifetime, facilitating comparisons between offshore wind
power and other energy sources while assessing its economic competitiveness. Capital
costs represent the initial investment required and are essential for understanding the
financial burden and potential return on investment, especially considering the high upfront
costs associated with offshore wind projects. Total annualized costs account for ongoing
operational and maintenance expenses, providing insights into the long-term financial
sustainability of the project and its ability to remain cost-competitive over time. Financial
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Incentives and Assistance, such as subsidies and Renewable Obligation Certificates (ROCs),
are crucial for offsetting high initial costs and enhancing the financial viability of the project.
These incentives reduce financial risks and improve the competitiveness of offshore wind
power. All of these indicators directly influence the economic performance of OWE, which
in turn impacts the revenue streams for stakeholders, including investors, developers, and
local businesses. Moreover, the economic incentives tied to efficient energy production can
have indirect socio-economic effects, potentially influencing local investment patterns and
the development of additional wind energy infrastructure. The economic impact on local
communities, industries, and employment opportunities is closely linked to the operational
efficiency of OWEF, underscoring the broader implications for regional development.

Table 3. Criteria and Indicators Table.

IFC Performance

Criteria Indicators Units Standards/Equator Principles
Energy Efficiency ~ _onverting Input Energyto Useful oy PS1/P1 P2 P5 P7 P8 P9 P10
Output Energy
Immediacy Operating Time years PS1/P1 P2 P3 P5 P7 P8 P9 P10
Levelised Cost $/GWh PS1/P1 P2 P5 P7 P8 P9 P10
Cost Capital Cost $/GWh PS1/P1 P2 P5 P7 P8 P9 P10
Total Annualised Costs $/GWh PS1/P1 P2 P5 P7 P8 P9 P10
Financial Incentives Financial Incentives and Assistance (e.g., $/GWh PS1 PS2 PS7 / P5

ROCs, taxpayer burdens)

PS1 emphasizes that stakeholders should have information exchange throughout the
entire project lifecycle. The financial, economic, and operational conditions disclosed by
LCC indicators should be transparent and publicly available. This aligns perfectly with
the spirit conveyed by EPs” P1-P3. P3 (Applicable Environmental and Social Standards)
states that regardless of the project, standards should be consistent with the country, society,
industry background, combined with practical situations, and not rigidly applied based
on theories or past experiences. P3 is particularly meaningful for offshore wind bidding
projects entered by international companies into Taiwan and subsequent process guidance.
P5 (Stakeholder Engagement) directly underscores the importance of all stakeholders in
the project, including not only government, enterprises, and other industries but also
livelihood issues. We should not overlook the voices of fishermen and residents. This also
requires adherence to principles such as P7 (Independent Review), P8 (Covenants), P9
(Independent Monitoring and Reporting), and P10 (Reporting and Transparency) in the
conduct of various meetings or procedures.

3.3. Social Dimensions

The findings related to the social dimension are presented in Table 4. Taiwan’s offshore
wind power projects involve multiple stakeholders and carry the vision of solving the
energy crisis and mitigating climate change. This project is not only relevant to coastal
residents and fishermen but also has various direct or indirect impacts on society as a
whole. The first consideration is the contribution of the project to social employment.
On one hand, offshore wind power affects fishing operations and has a negative impact
on fishermen’s livelihoods. But on the other hand, perhaps the related electricity and
energy industries can create some jobs. The unemployment rate is an important indicator
of social stability, and it is necessary to calculate how many jobs this project creates or
loses. In addition, worker safety is also a very important social issue. Our indicators
include employee injury frequency and major accident rate. The second issue is social
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acceptance, which may require extensive social surveys to achieve. This indicator relates to
whether society supports the construction of offshore wind power. Protests that occur due
to non-acceptance may ultimately lead to project shutdowns. Social acceptance includes
multiple factors, such as aesthetic effects, where coastal wind turbines detract from the
aesthetics of the coastline. It could also be the NIMBY effect. Or there may be objections
related to land or human rights, etc. From the macro perspective of national energy strategy,
offshore wind power projects may have energy security benefits for society. Nuclear, wind,
and photovoltaic power generation increase energy security to some extent: for nuclear,
this is due to its inherent fuel storage capacity (the energy density is 290 million times that
of natural gas), while wind and photovoltaic power reduce fossil fuel import demand by
up to 0.2 toe/MWh [37].

Table 4. Social Indicators Table.

IFC Performance

Criteria Indicators Units Standards/Equator Principles

Job Creation Number of jobs directly created Person-years/GWh PS1 PS2 PS7/P5

Number of jobs indirectly created ~ Person-years/GWh PS1 PS2 PS7/P5
Worker injuries No. of injuries/GWh PS2/P5 P9
Health & Safety Severe accidents No. of fatalities/GWh PS2/P5 P9
Human health costs DALYb/GWh PS2/P5 P9

Society Acceptance Res@ents sat1sfact10n Point or % PS1 PS4 PS5 PS7 PS8/P5 P6 P10
with the project

Energy Security

Imported fossil fuel

potentially avoided toe/GWh PS1/P5 P9

Although SLCA indicators are fewer, they are highly comprehensive. The first in-
dicator, Job creation, is related to PS1, PS2 (Labor and Working Conditions), and PS7
(Indigenous Peoples). Worker safety is more specifically aligned with PS2. The society
acceptance indicator may directly relate to the following principles: PS1; PS4 (Community
Health, Safety, and Security), which requires clients to protect the health, safety, and se-
curity of the communities affected by their projects; PS5, which includes providing fair
compensation and assistance to those displaced by the project; PS7 (Indigenous Peoples),
which requires respecting the rights and cultures of indigenous peoples, including ob-
taining their free, prior, and informed consent before undertaking any project that could
adversely affect them; PS8 (Cultural Heritage), which requires protecting cultural heritage
from the adverse impacts of projects, including identifying and assessing cultural heritage
resources and developing measures to avoid or minimize impacts. The energy security
indicator incorporates more compliance with PS1.

All SLCA indicators should comply with EPs” P5. P9, which require financial institutions to
ensure that independent environmental and social consultants or experts regularly monitor the
compliance and performance of each project and report the results to financial institutions and
other relevant stakeholders. Safety is an important compliance performance. Society acceptance,
to some extent, reflects P6, which requires the establishment of grievance mechanisms that
address concerns of affected communities, although relying solely on surveys may not be
sufficient. The transparency principle of P10 is a key element of public trust in the project.

4. Conclusions

The comparison Figure 2 highlights that the IFC PS and the EP serve as complemen-
tary frameworks for ensuring sustainability in development projects, though they exhibit
notable differences in emphasis and application. The IFC PS is more detailed and compre-
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hensive, addressing environmental and social issues through its eight standards, which
prioritize long-term impacts such as resource depletion, material recyclability, climate
change, social acceptance, and biodiversity conservation. Mainly, PS1 has the strongest
applicability. On the other hand, EP provide a more pragmatic and streamlined approach,
emphasizing financial and operational aspects like cost, financial incentives, and energy
security. The EP, primarily guided by its ten principles, often prioritizes immediate and
tangible outcomes relevant to financial institutions, such as compliance through P2, P4,
P5 and P9. While the EP addresses key sustainability concerns, its application tends to
focus more on facilitating due diligence processes and ensuring short- to medium-term
accountability, which makes it less comprehensive compared to the IFC PS in addressing
broader environmental and societal dimensions.

Society Acceptence

Health & Safety

Job Creation

Financial incentives

Resource Depletion

Energy Security Material Recyclability

Climate Change

Pollution

Wastes

Land Use

. Efficiency
Immediacy

Figure 2. Frequency Comparison Map of IFC Performance Standards and Equator Principles.

In practice, the choice between adopting the IFC PS or EP often depends on the nature
of the project and its stakeholders. Projects led by institutions with a strong emphasis on
comprehensive sustainability, particularly in developing regions, may lean more toward the
IFC PS. Conversely, projects driven by financial institutions seeking operational compliance
and risk mitigation may find the EP more aligned with their priorities. Both frameworks are
widely adopted globally, but the IFC PS tends to be more influential for projects requiring
in-depth environmental and social impact assessments, whereas the EP is more commonly
integrated into project finance transactions with a focus on efficiency and immediacy. For
large-scale, long-term OWF projects, securing financial support is crucial. This study provides
key recommendations based on high-frequency international standards for the government.

The development of OWF represents a critical step toward achieving energy transition
and sustainability goals. However, it also presents challenges, particularly for coastal
fishery communities and the broader social-ecological system. This study, applying the
LCSA framework, reveals the complex impacts of OWF projects across environmental,
economic, and social dimensions. Our findings highlight the importance of balancing
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i PS1 PS5/ P2 P4
Usage of enwronmental Solid Wastes

Usage of recycled materials

renewable energy development with the protection of fishery rights and environmental
sustainability. Environmental indicators show that while OWFs contribute to climate
change mitigation through reduced carbon emissions, they also cause ecological disruptions,
such as habitat alteration and pollution, which can negatively affect marine ecosystems and
fishery resources. Economic evaluations underscore the need for operational efficiency and
cost management in OWF projects, while also emphasizing the role of financial incentives
in enhancing project feasibility. Social indicators emphasize the complex dynamics between
societal acceptance, job creation, and potential conflicts over land and resource use.

To sum up, our results are summarized in Figure 3. We have identified key indica-
tors that need to be prioritized when considering fishery rights, and we have outlined
international principles that should guide OWF development for better outcomes. We
also evaluated how OWEF projects can achieve sustainable development across multiple
dimensions and provided policy recommendations for decision-makers. Specifically, we
offer a comprehensive set of evaluation indicators, rules, and a theoretical framework for
global OWF projects. These tools are designed to assist in assessing and balancing the
environmental, economic, and social impacts of OWF development, ensuring alignment
with both local priorities and global sustainability standards. Policymakers, developers,
and stakeholders must collaborate to address the challenges outlined in this study, ensuring
that OWFs can serve as a catalyst for a sustainable and equitable energy future in Taiwan.
Future research will focus on ongoing OWF projects in Taiwan, utilizing more detailed
surveys and score analysis to quantify the positive and negative impacts of each indicator.
This will provide a clearer understanding of the extent to which these indicators influence
project outcomes, enabling more precise policy recommendations and mitigation strategies.

Marine aquatic ecotoxicity Terrestrial ecotoxicity
potential potential

Global warming potential e N
Land requirement Eutrophication potential

Emission/Pollution
Climate Change PS1PS3 P56 / P1 P2 P4
PS1 PS3 PS6 / p1:pz P4 Human toxicity potential

Land Use
Acidification potential

PS1PS3 PS6 / P1 P2 P4 Noise pollution
Environmental Levelised Cost

elements
Material Recyclability .
PS1 PS3 / P2 P4 Solid wastes Ese;l)r:usﬁ SD;DISE?)I; Total Annualised Costs

Cost

PS1 / P1 P2 P5P7 P8 P9

fossil fuels Y
. Capital Cost

ZEFTITIE Immediacy
Financial Incentives 5
PS1 PS2 PS7 / P5 PS1/P1 PZ&ELOPS P7 P8 P9
Operating Time

Energy Efficiency

Financial Incentives and P51/ P1 P2 P5 B7 B8 P9
P10

Assistance

Converting Input Energy to
Useful Qutput Energy

Figure 3. Integrated Impacts with indiators and standards.
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Figure A1. Survey table of IFC Performance Standards.
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Figure A2. Survey table of Equator Principles.

Indicator Description

Abiotic resource depletion potential |This indicator measures the potential depletion of non-renewable elements such as metals used in the project. It is expressed as the
(elements) equivalent amount of antimony (Sb) per kilowatt-hour (Gwh) of energy produced.

Abiotic resource depletion potential |This assesses the depletion of fossil fuels, considering the consumption and potential exhaustion of fossil resources due to the project.
(fossil fuels) The value is expressed in megajoules (MJ) per kilowatt-hour (Gwh) of energy produced.

Abiotic resource depletion potential |This evaluates the water use and scarcity implications associated with the project, measuring the potential depletion of freshwater
(water) resources. The value is expressed in 1,4-dichlorobenzene (DCB) equivalents per Gwh of energy produced.

This indicates the proportion of materials used in the project that are made from recycled sources, aiming to reduce environmental impact

Usage of recycled materials . . . .
and encourage sustainable material sourcing. It can be represented as a point score or percentage.

This measures the proportion of materials with a low environmental impact used in the project, promoting sustainable practices. The

Usage of environmental materials . . .
value is expressed either as a point score or percentage.

This quantifies the greenhouse gas emissions that contribute to global warming and climate change due to the project. The emissions are

Glabal warming potential expressed as the equivalent amount of carbon dioxide (CO2) per Gwh of energy produced.

This measures the potential for acid rain formation due to sulfur dioxide (SO2) emissions from the project. The value is expressed in SO2

Acidification potential equivalents per Gwh of energy produced.

This assesses the potential for nutrient pollution leading to eutrophication in water bodies, causing excessive growth of algae. The impact

Eutrophication potential is expressed in phosphate (PO4) equivalents per Gwh of energy produced.

This evaluates the potential toxicity impacts on human health, considering the harmful substances that may be released during the

Human toxicity potential project. The value is expressed in 1 4-dichlorobenzene (DCB) equivalents per Gwh of energy produced.

This measures the potential toxicity impacts on marine ecosystems, assessing the harm caused by toxic substances released into the

Marine aquatic ecotoxicity potential . . . . .
4 yp marine environment. The value is expressed in DCB equivalents per Gwh of energy produced.

This evaluates the potential toxicity impacts on terrestrial ecosystems, such as soil and land-based organisms, from the project. The value

Terrestrial ecotoxicity potential is expressed in DCB equivalents per Gwh of energy produced.

This evaluates the noise generated by the project, which can affect both human populations and wildlife. The level of noise is measured

Noise pollution in decibels (dB) equivalent per Gwh of energy produced.

This quantifies the amount of solid waste generated by the project, including waste materials from construction, operation, and

Solid wastes s . . . 5
decommissioning. It is expressed in cubic meters (m?).

Figure A3. Description of Indicators (Part 1).
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This measures the amount of land area required for the project’s infrastructure, such as the construction of wind turbines, substations, and

Land requirement L . . .
q other facilities, relative to the energy produced, expressed in square kilometers per Gwh.

This assesses the efficiency of the energy conversion process, indicating how well the project transforms raw resources (such as wind)

Energy conversion efficiency . . . . .
into usable electricity. It is typically expressed as a percentage or point score.

Operating time This indicates the operational lifespan of the project, from initial construction to decommissioning, measured in years.

This measures the cost of electricity production over the project's lifecycle, accounting for all costs such as capital, operations, and

Levelised cost
cvelised cos maintenance, and is expressed in dollars per gigawatt-hour (GWh) of energy produced.

This quantifies the initial investment required to establish the project, including construction, equipment, and installation costs. The cost

Capital cost is expressed in dollars per GWh of energy produced.

This represents the total annualized financial costs of the project over its lifetime, including capital, operational, and maintenance costs,

Total annualised costs expressed in dollars per GWh of energy produced.

This evaluates the financial support available for the project, such as government subsidies, tax breaks, or other incentives that reduce

Financial incentives and assistance . .
overall costs. It is expressed in dollars per GWh of energy produced.

This measures the number of jobs directly created by the project, such as for construction, operation, and maintenance, expressed in

Number of jobs directly created person-years per GWh of energy produced.

This quantifies the indirect employment generated by the project, such as jobs in the supply chain, transportation, or ancillary industries,

Number of jobs indirectly created expressed in person-years per GWh of energy produced.

This evaluates the number of injuries that occur among workers during the project’s development and operation, expressed as the number

Worker injuries of injuries per GWh of energy produced.

This measures the number of fatalities resulting from severe accidents during the project, expressed as the number of fatalities per GWh

Severe accidents of eneray produced.

This assesses the health impacts on workers and surrounding communities, expressed as Disability-Adjusted Life Years (DALY) per

Human health costs B . .
GWh, a measure that accounts for both premature mortality and health impairments.

Residents’ satisfaction with the This indicator measures the satisfaction and acceptance level of local residents with the project, indicating community support or
project opposition, and can be expressed as a point score or percentage.

Imported fossil fuel potentially This quantifies the reduction in the use of imported fossil fuels due to the energy produced by the project, contributing to energy security
avoided and reducing dependency on external energy sources. The value is expressed in tonnes of oil equivalent (toe) per Gwh.

Figure A4. Description of Indicators (Part 2).
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