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ABSTRACT This study provides a comprehensive overview of the risks and challenges associated with
floating solar photovoltaic (FSPV) systems while identifying the best ways to promote the growth and
success of this promising technology. Using a hazard identification and risk assessment methodology,
this study categorizes risks into environmental, technical, regulatory, economic, and social risks. A risk
assessment was conducted to determine the potential risks of a small-scale FSPV system in Philippine
Lakes. Risks with high probability of occurrence and severity include health and safety, stability, installation
and maintenance costs, and corrosion. This study proposes recommendations for mitigating these risks.
This study also examines policies and programs from various countries that have successfully promoted
the adoption of FSPV technology. Currently, countries such as China, Japan, and South Korea account for
over 90% of the FSPV deployments. This study highlights the programs and incentives that accelerated
FSPV deployments in these countries, such as the standard Feed-In-Tariff (FIT) “Build Plan,” “Top Runner
Program, and poverty alleviation program in China, significant FITs in Japan, and revised Renewable
Portfolio Standards (RPS) and research and development (R&D) support in South Korea. Overall, this study
provides valuable insights for policymakers, industry stakeholders, and other interested parties in the ongoing
discussions of FSPV systems. Despite the risks and challenges associated with FSPYV, the potential of this
technology to play a significant role in the transition to a low-carbon, sustainable future cannot be ignored.

INDEX TERMS Floating solar photovoltaic system, risk assessment, policy formulation, risks, challenges
in floating solar.

I. INTRODUCTION

The world’s energy requirements are growing rapidly, and
the need to transition to cleaner and more sustainable energy
sources is imperative [1]. Climate change and rising con-
cerns over greenhouse gas emissions have prompted many
countries to prioritize the development and deployment
of renewable energy sources, including solar power [2].
Although traditional land-based solar photovoltaic (PV) sys-
tems have made significant strides in recent years, new

The associate editor coordinating the review of this manuscript and

approving it for publication was Giambattista Gruosso

and innovative solutions, such as floating solar photovoltaic
(FSPV) systems have emerged [3].

FSPV (FSPV) systems are essentially solar panels
mounted on floating platforms anchored to water bodies [4].
This technology offers several advantages over traditional
land-based systems, including increased energy production
owing to the cooling effect of water, reduced water evapo-
ration, and the ability to use land that would otherwise be
unsuitable for solar installation. In addition, FSPV systems
can provide aesthetic benefits by blending with surrounding
water to become a part of the natural landscape [5].

Floating solar PV systems provide several unique advan-
tages. Firstly, they significantly reduce water evaporation
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1.2 KWp Land-based System
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FIGURE 1. A small-scale FSVP system illustration (left part) with the
land-based system (right) [4].

from the bodies they cover, a crucial benefit in regions fac-
ing water scarcity. Additionally, the cooling effect of water
enhances the efficiency of the solar panels, which tend to lose
efficiency when overheated [6]. This innovative approach
also alleviates land-use conflicts, preserving valuable land
for agriculture or natural ecosystems. From a technical per-
spective, these systems require robust mooring and anchoring
to ensure stability, materials that are resistant to corrosion,
and specialized electrical safety measures. While beneficial,
they also prompt considerations regarding their environmen-
tal impact, particularly on aquatic ecosystems [7].

The FSPV is still a relatively new technology, and there
are many questions regarding its feasibility and potential
for widespread deployment [6]. However, their potential to
provide clean and affordable energy while preserving valu-
able land resources makes them an important technology that
deserves further investigation. In recent years, there has been
a growing interest in FSPV, and many countries have started
to explore the possibilities of using this technology on a large
scale [7].

Some of the major challenges in FSPV systems (Figure 1)
include exposure to environmental and technical risks such
as harsh weather conditions, leaks and water infiltration, fire
incidents, theft or vandalism, debris damage, and biofoul-
ing [8], [9], [10], [11], [12]. Hence, there is a need to conduct
risk assessments and develop policies to ensure that FSPV
systems are deployed in a safe, sustainable, and cost-effective
manner and to develop policies to maximize their benefits for
society.

Risk assessment is a systematic process of evaluating
and identifying potential risks and hazards associated with
the implementation of a project, specifically in FSPV sys-
tems [13]. The results of risk assessment can be used to
develop risk-mitigation strategies and policies that can help
reduce risks and improve the overall safety and reliability of
FSPV projects.

Currently, there are no policies or regulations in the country
that govern the technical, environmental, and social aspects
of the implementation of the FSPV system, which has not
yet been covered specifically by the Philippines’ Renewable
Energy Act of 2008 and its Implementing Rules and Reg-
ulations (IRR), mainly because of its emergence in the last
decade. In 2016, the Lake Laguna Development Authority
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(LLDA) cautioned on the use of the floating solar PV sys-
tem owing to the “lack of experience and sufficient policy
tools” for the use of the lake with the emerging floating solar
technology [14].

Floating solar photovoltaic (PV) systems have emerged as
a promising technology for harnessing solar energy, particu-
larly in countries with limited land availability [15]. Despite
their potential benefits, the deployment of FSPV systems is
still in its early stages, and several risks and uncertainties
are associated with their implementation [8], [9], [16]. These
risks include technical, financial, environmental, and social
factors, which can affect the success of FSPV projects [8],
[9], [10].

A. OBJECTIVES

The potential of FSPV systems to play a significant role in
meeting the world’s energy demands is the motivation for
conducting risk assessments, and the basis for policy for-
mulation for their widespread adoption. The main objective
of this case study was to examine the risks and challenges
associated with this technology and its potential impact on
the environment, the economy, and communities.

The specific objectives of this case study were to:
(1) identify the risks, challenges, and barriers associated with
the development and deployment of FSPV systems have
been identified through a literature review, (2) conduct a
theoretical risk assessment based on a literature review of
community-based FSPV systems, and (3) develop policy
recommendations for FSPV systems that can be adopted by
local or national governments. Ultimately, the objective of
risk assessment and policy formulation for FSPV systems is
to promote their widespread deployment and maximize their
benefits to society [17], [18], [19], [20], especially in the
Philippines.

B. IMPORTANCE OF RISK ASSESSMENT

The conduct of risk assessment and policy development for
floating solar photovoltaics (PV) is considered important
for several reasons: (1) ensuring FSPV project viability,
(2) attracting investments, (3) protecting the environment,
(4) protecting technology advancement, and (5) addressing
social concerns.

« Ensuring project viability: By conducting a risk assess-
ment, stakeholders can identify potential issues and
challenges associated with FSPV projects and develop
strategies to mitigate these risks. This helps ensure the
viability and long-term success of FSPV projects.

o Attracting investment: By developing clear and effective
policies, regulations, and standards for FSPV systems,
governments and other stakeholders can create a more
favorable investment environment and attract private
sector investment.

« Protecting the environment: Risk assessment and policy
development can help ensure that FSPV systems are
deployed in an environmentally sustainable manner by
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considering their potential impacts on the surrounding
ecosystem and water bodies.

« Promoting technological advancement: By conducting
risk assessments and developing policies and regula-
tions, stakeholders can help drive technological inno-
vation and improve the FSPV sector, resulting in more
cost-effective and efficient solutions.

o Addressing social concerns: Risk assessment and policy
development can help to address social concerns and
ensure that FSPV systems are implemented in a manner
that benefits all stakeholders, including the local com-
munities of the project where this is intended for, who
may be impacted by the projects.

The scope of risk assessment and policy development for
FSPV includes technical, financial, environmental, social,
and regulatory risks. Policy development reviews existing
government policies and regulations from other countries
that help promote the development and deployment of FSPV
systems optimized to support the growth of this industry.

II. RISK ASSESSMENT AND POLICY FORMULATION

A. RISK ASSESSMENT AND MANAGEMENT

1) WHAT IS A RISK?

Risk was defined as the possibility of an adverse event or
a negative outcome. In the context of business or finance,
risk refers to the possibility of a loss or failure due to a
particular action or investment. Risk can be characterized by
the likelihood of its occurrence and the potential magnitude
of its consequences. Risk can also be defined as the “‘effect of
uncertainty on objectives and is often expressed in terms of
a combination of the consequences of an event (including
changes in circumstances) and the associated likelihood of
occurrence” [21], [22], [23], [24].

Potential risks may arise from a multitude of sources such
as market fluctuations, technological advancements, political
instability, and natural disasters. To make well-informed deci-
sions and take appropriate measures, it is essential to identify
and evaluate such risks and devise strategies to either alleviate
or handle them. This is the purpose of risk assessment, which
involves evaluating the probability and impact of different
risks and determining the best course of action to minimize
their effects [25], [26], [27], [28].

2) RISK ASSESSMENT

Risk assessment is a systematic process of evaluating and
identifying potential risks and hazards associated with a spe-
cific activity, system, or project [29]. The purpose of risk
assessment is to identify potential threats to the success of
an activity, system, or project and to evaluate the likelihood
and consequences of these threats. The results of the risk
assessment can be used to develop risk-mitigation strategies
that can help reduce risks and improve the overall safety and
reliability of an activity, system, or project [29], [30], [31],
[32]. As shown in Figure 2 and 3, risk assessments typically
involve several steps, including (a) hazard identification,
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FIGURE 2. A general framework for risk assessment [27].
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FIGURE 3. Risk assessment process main elements [33].

identifying potential hazards and risks associated with the
activity, system, or project; (b) risk evaluation, evaluating
the likelihood and consequences of each identified hazard;
(c) risk prioritization, prioritizing the risks based on the like-
lihood and consequences of each risk; (d) risk mitigation,
developing, and implementing strategies to reduce the risks
associated with the identified hazards; and (e) monitoring
and review, monitoring, and reviewing the risk assessment to
ensure that the identified risks are being effectively managed
and mitigated [27].

Risk assessments can be used in a variety of settings,
including safety, engineering, environmental management,
health, and safety. The level of detail and complexity of a
risk assessment will depend on the nature of the activity,
system, or project being assessed as well as the goals and
objectives of the assessment. However, the overall aim of risk
assessment is to identify and manage risks to ensure the safe
and reliable operation of the activity, system, or project being
assessed [32], [34], [35]. Conducting a risk assessment for
FSPV systems requires tools to identify potential hazards,
evaluate the likelihood and consequences of each hazard, and
develop effective mitigation strategies, as shown in Figure 4
[36], [37], [38], [39], [40], [41], [42].

The scope of risk assessment and policy development for
FSPV typically includes technical, financial, environmental,
social, and regulatory risks [21].
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=Hazard identification tools: Hazard identification tools can help to identify potential physical, environmental, and
operational hazards associated with FSPV systems. These tools can include checklists, process flow diagrams, and
brainstorming sessions.

=Risk matrix: The risk matrix is a tool that assesses the probability and impacts of individual hazards, with the
aim of determining the overall risk associated with each hazard. The risk matrix is typically a matrix or table
that plots the likelihood and consequences of each hazard along two axes, with the overall risk being
determined by the intersection of these two values.

=Failure Modes and Effects Analysis (FMEA): FMEA is a methodical and preemptive approach for
identifying potential system failures and assessing the repercussions of such failures. This tool can be used
to identify potential failures in FSPV systems and to evaluate the likelihood and consequences of each

=Root cause analysis: Root cause analysis is employed to pinpoint the fundamental cause of a problem
or hazard. This tool can be used to identify the root cause of potential hazards associated with FSPV
systems, such as the failure of components or systems, exposure to harsh weather conditions, and theft or

=Cost-benefit analysis: Cost-benefit analysis is utilized to assess the economic advantages and drawbacks
of different mitigation strategies. This tool can be used to determine the most cost-effective strategies for
mitigating the risks associated with FSPV systems.

=Maintenance and inspection tools: Maintenance and inspection tools can help to ensure that the FSPV system is
properly maintained and inspected on a regular basis. These tools can include checklists, inspection schedules, and
maintenance logs.

failure.

vandalism.

FIGURE 4. Risk assessment tools [27], [33], [34], [35], [36], [37], [38], [39], [40], [41], [42].

e Technical risks: Evaluation of the technical feasibility
of FSPV projects, including design, engineering, and
construction of systems.

e Financial risks: Analysis of the financial viability of
FSPV projects, including the cost of capital, operating
expenses, and revenue projections.

e Environmental risks: Assessment of the environmental
impact of FSPV projects, including their impact on
water quality and the surrounding ecosystem.

o Social risks: Evaluation of the social impact of
FSPV projects, including their impact on local
communities and the rights of stakeholders.

o Regulatory risks: Analysis of the legal and regu-
latory framework for FSPV projects, including the
development of regulations and standards to ensure
the safety and reliability of systems.

B. POLICY DEVELOPMENT
A policy is a set of rules, guidelines, or principles that are
established to guide decision making and ensure consistency
and fairness in achieving specific objectives. Policies are
often adopted by organizations, governments, or other entities
to ensure that their actions align with their values, goals,
and objectives. Policies can cover a wide range of topics,
including but not limited to human resources, finance, the
environment, health and safety, and ethical behavior [43],
[44], [45], [46], [47].

Policies serve several purposes, including (a) providing
direction and guidance: Policies help define the direction
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and priorities of an organization and provide guidance to
decision-makers on how to act in specific circumstances;
(b) maintaining consistency: Policies help ensure consistency
in decision-making and actions across an organization, pro-
moting fairness and impartiality; (c) managing risk: Policies
can help organizations manage risks by outlining procedures
and processes to follow in specific situations, reducing the
likelihood of unintended consequences; (d) ensuring account-
ability: Policies help ensure accountability by setting clear
expectations and responsibilities for individuals within an
organization; and (e) promoting transparency: Policies can
promote transparency by providing a clear understanding of
an organization’s intentions, values, and objectives [48], [49],
[50].

It is important to note that the policy formulation process is
iterative and may involve multiple revisions before the final
policy is agreed upon and implemented. Additionally, the pro-
cess of formulating a policy should involve a transparent and
inclusive process, taking into consideration the perspectives
and needs of all relevant stakeholders, as shown in Figure 5
[48], [49], [50].

Policies play a critical role in guiding decision-making and
ensuring that organizations and governments act in a consis-
tent and transparent manner, aligned with their objectives and
values [48], [49], [50].

C. EXISTING POLICIES IN SOLAR AND FSPV SYSTEMS
Formulating a policy involves several steps as shown in
Figure 5, including: (a) identifying the need for a policy:
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FIGURE 5. Steps in policy formulation [48], [49], [50].

this involves determining the reason for the policy and what
problem it is intended to solve; (b) gathering information: this
includes researching the issue and gathering data to support
the policy, as well as consulting with stakeholders who may
be affected by the policy; (c) developing policy options: this
step involves generating different potential policy solutions to
address the problem; (d) analyzing the options: this involves
evaluating the strengths and weaknesses of each option,
including the potential impact on stakeholders and the fea-
sibility of implementation; (e) selecting the preferred option:
based on the analysis, select the option that is most likely to
achieve the desired goals and that is feasible to implement;
(f) drafting the policy: the preferred option is then written as
a policy, including clear and concise language that outlines
the objectives, principles, and guidelines; (g) reviewing and
refining the policy: The draft policy is then reviewed and
refined, taking into consideration feedback from stakeholders
and other relevant parties; and (h) implementing the policy:
this involves communicating the policy to relevant parties and
ensuring that it is put into practice, as well as monitoring and
evaluating the policy to determine its effectiveness [48], [49],
[50].

It is important to note that the policy formulation process
is iterative and may involve multiple revisions before the
final policy is agreed on and implemented. Policy formula-
tion should involve a transparent and inclusive process that
considers the perspectives and needs of all relevant stake-
holders [48], [49], [50]. Policies play a critical role in guiding
decision making and ensuring that organizations and govern-
ments act in a consistent and transparent manner, aligned with
their objectives and values [48], [49], [50].

Specific policies related to solar PV systems vary by coun-
try and region, but some common policy frameworks include
renewable energy targets, feed-in tariff (FiT) programs, net
metering, tax credits and subsidies, permission and zoning
regulations, environmental regulations, and grid connection
standards [51], [52], [53], [54], [55], [56].

The policies related to floating solar photovoltaics (FSPV)
in the United States and Europe vary by state and country,
respectively. In the United States, FSPV policies are primarily
driven by state-level regulations and incentives. Examples of
state-level policies include (a) Renewable Portfolio Standards
(RPS), (b) Net Metering, and (c) Tax Credits and Subsidies.
Many states in the US have established RPS targets, which
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require a certain percentage of electricity to be generated
from renewable sources. Thus, the FSPV systems can satisfy
these requirements. Some states have implemented net meter-
ing policies that allow FSPV owners to sell excess electricity
to the grid. States may offer tax credits or subsidies for the
installation of FSPV systems to encourage investments in
technology [55], [57], [58], [59].

In Europe, policies related to FSPV are primarily driven
by European Union (EU) regulations and incentives. Exam-
ples of EU policies include (a) renewable energy targets,
(b) the Feed-in Tariff (FiT) program, (c) Environmental Reg-
ulations, and (d) Grid Connection Standards. The EU has
established a target of 32% of energy consumption to come
from renewable sources by 2030. FSPV systems can help
to meet this target. The EU has implemented FiT programs
in many countries that provide financial incentives for the
generation of renewable energy, including FSPV. The EU has
established environmental regulations related to water quality
and wildlife protection with which FSPV systems must com-
ply. The EU has established standards for connecting FSPV
systems to the grid, which affects the development of FSPV
projects [60], [61], [62], [63].

Some common policy frameworks for solar PV can also be
found in Asia and are somewhat similar to those of the US
and the European Union, but wider: (a) Renewable Energy
Target; (b) Feed-in Tariff (FiT) Program; (c) Environmental
Regulations; (d) Grid Connection Standards; (e) Tax Credits
and Subsidies; (f) Net Metering; (g) Permitting and Zoning
Regulations; and (h) Grid Connection Standards [64], [65],
[66].

Many Asian countries have established targets for the
generation of renewable energy, including floating solar pho-
tovoltaics. This study provided a policy framework for the
growth and development of FSPV. FiT programs provide
financial incentives for the generation of renewable energy,
including FSPV. These programs are designed to encourage
investment in renewable energy and support industrial devel-
opment. In Net Metering, this policy allows FSPV owners
to sell excess electricity back to the grid, thereby providing
financial incentives for the installation of FSPV systems. Tax
Credits and Subsidies: Governments may provide tax credits
or subsidies for the installation of FSPV systems to help
reduce costs and encourage investment in technology. Local
and national governments may have specific regulations
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related to permitting and zoning FSPV systems that can
affect the development of FSPV projects. FSPV systems must
comply with environmental regulations such as those related
to water quality and wildlife protection [67], [68], [69].

Some examples of specific policies related to FSPV in
Asia include Japan, China, and India. By 2030, Japan aims
to have 50 GW of installed renewable energy capacity, which
will include floating solar photovoltaics [70]. Japan has also
implemented FiT programs and tax credits to encourage
investment in renewable energy [71]. China has established
a target of 15 GW of installed floating solar photovoltaics
by 2020 and has implemented FiT programs and subsidies
to encourage investment in technology [72].

In contrast, India has set a target of achieving 175 GW
of installed renewable energy capacity, which encompasses
floating solar photovoltaics, by 2022. Additionally, the coun-
try has introduced net metering policies and tax credits to
stimulate investment in renewable energy [70], [71], [72].

The Philippines implemented policies to promote the
development of renewable energy, including (a) the Renew-
able Energy Act of 2008, which established a framework
for the development and promotion of renewable energy in
the Philippines. The act provides for the implementation of
feed-in tariff (FiT) programs and other financial incentives
to encourage investment in renewable energy; (b) Renew-
able Energy Target: The Philippines has established a target
of 1,000 MW of installed renewable energy capacity by
2040; (c) Feed-in Tariff (FiT) Program: The Philippines has
implemented a FiT program, which provides financial incen-
tives for the generation of renewable energy, including wind,
solar, and hydropower; (d) Net Metering: The Philippines
has implemented net metering policies, which allow renew-
able energy generators to sell excess electricity back to the
grid; (e) Tax Credits and Subsidies: The Philippines may
offer tax credits or subsidies for the installation of renewable
energy systems to encourage investment in the technology;
(f) Environmental Regulations: The Philippines has estab-
lished environmental regulations related to water quality and
wildlife protection that renewable energy systems must com-
ply with; (g) Grid Connection Standards: The Philippines has
established standards for connecting renewable energy sys-
tems to the grid, which impact the development of renewable
energy projects.

These policies were designed to support the growth and
development of renewable energy in the Philippines and to
encourage investment in the sector. However, in the law and
implementing rules and regulations (IRR) of the Renewable
Energy Act of 2008, FSPV systems have not yet been pro-
vided or mentioned [73], [74].

lll. METHOD
This risk assessment and policy development case study

revisited the discussions on the FSPV, including its risks, bar-
riers, and challenges. Furthermore, this case study explored
the current policy and regulatory framework.
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J

FIGURE 6. Methodological framework for the risk assessment and policy
recommendations formulation [73].

A literature review was conducted using major electronic
databases, including IEEE, Science Direct (journals in Else-
vier), and Google Scholar, using selected keywords or phrases
relevant to this study for the period 2012-2022 [73]. Sci-
enceDirect is Elsevier’s website, which offers entry into a
huge bibliographic database of scientific and medical pub-
lications, as shown in Figure 6. The type of review conducted
for this study is narrative or traditional literature reviews.
These reviews synthesize findings from various studies to
provide an overview of a topic. Their focus is on summarizing
and interpreting research findings rather than on a detailed
meta-analysis.

The following are the significant phrases in consideration
to the literature review:

« Risk assessment in solar photovoltaics;

o Risks, challenges, and barriers and their management
associated with FSPV systems;

« Risk assessment processes and tools; and

« Policies and/or regulations on FSPV.

Figures 7 and 8 show the framework and steps, respec-
tively, for the risk assessment methodology from the iden-
tification of the hazards to its monitoring, which includes the
conduct of risk assessments, known as the Hazard Identifica-
tion and Risk

Assessment (HIRA) methodology. The HIRA methodol-
ogy was applied in a study by [21], as published in the Journal
of Risk Management and Healthcare Policy [21]. In addition,
[21] discussed the potential occupational safety and health
(OSH) risks associated with the installation and maintenance
of floating solar photovoltaic (PV) projects, which are becom-
ing increasingly popular as renewable energy sources [21].
The authors identified several potential hazards including
electrical shocks, drowning, and falls from heights. The
authors highlight the importance of addressing these risks
to ensure that the growth of floating solar PV projects is
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Hazard Identification

The first step is to identify all possible hazards that could occur during
the FSPV system implementation.

N Z

NV
Risk Assessment
Once all potential hazards have been identified, the next step is to
assess the risks associated with each hazard. This involves
determining the likelihood of the hazard occurring and the severity of
the consequences if it does occur.

N 2

Risk %ation

The next step is to evaluate the level of risk associated with each
identified hazard. This involves comparing the likelihood and severity
of each hazard to a predetermined risk matrix, which typically assigns

a level of risk to each combination of likelihood and consequence.

N

Risk Control

Once the level of risk associated with each hazard has been
evaluated, risk control measures can be identified and implemented to
mitigate or eliminate the risk. These measures may include
implementing safety procedures, adding protective equipment,
providing training for workers, or adjusting the design of the FSPV

svg}'em.

Risk Monitoring

Finally, it is important to monitor and review the risk management
process regularly to ensure that the FSPV system remains safe and
that any new hazards or risks are identified and addressed.

FIGURE 7. Risk assessment process main elements [73].

[ Identification of risk from FSPV Systems in lakes J

and other water bodies

of risk risk

L’[ Assign the risk index ]4J

[ Determine the severity class J [ Estimate the probability of ]

Develop the risk matrix

for each risk

Suggest remedial measures

— ) )

Assess the tolerability level J

End.

FIGURE 8. Risk assessment process’ main elements [33].

sustainable and does not occur at the expense of worker safety
or environmental protection.

IV. RESULTS AND DISCUSSIONS

This section presents the results of the systematic review,
risk assessment, and analysis, including an evaluation of
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TABLE 1. Summary of findings from the literature search on the risk
assessments conducted in solar photovoltaics [73].

Database  Search Boolean  Keywords or Search
operator  Search strings Results
(Number
of
documents
Science Basic “or” (risk assessment) 13278
Direct search: or (solar
“Find photovoltaic)
articles
with these
terms”
Science Advance “and” (risk assessment) 11
Direct Search: and (solar
Title, photovoltaic)
abstract or
author-
specified
keywords
IEEE Advanced “and” (risk assessment) 3
Search and
(floating solar)
Google Advance “and” (Floating ~ solar 1,040
Scholar Search: photovoltaics)
"floating and (Risks)
solar" and
"risks"
Google Advance “and” (Floating  solar 11
Scholar Search: photovoltaics)
"floating and (Risks and
solar" and challenges)
"risks and
challenges"

the existing policies and best practices. This chapter also
examines the policy and regulatory frameworks currently
in place in other countries, including the incentives and
subsidies available for FSPV systems, and evaluates the
opportunities and barriers for scaling up the deployment of
this technology. Additionally, the impact of FSPV systems
on the environment, economy, and communities, and the
potential for this technology to contribute to the transition to
a low-carbon, sustainable future will be explored.

A. LITERATURE SEARCH

A comprehensive search was performed using the electronic
databases IEEE, Science Direct and Google Scholar with
keywords and Boolean algebra, as shown in Table 1 [73].

There are a few relevant publications that provide informa-
tion and guidance on conducting risk assessments for floating
solar photovoltaic (PV) systems, as shown in Table 2 [2], [74],
[75], [76], [77].

These publications provide useful information and guid-
ance for conducting a risk assessment for FSPV systems,
and can serve as a useful resource for those looking to
implement these systems. It is important to note that while
these references provide a good starting point, it is impor-
tant to also consult local regulations, guidelines, and best
practices when conducting a risk assessment for FSPV
systems.
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TABLE 2. Relevant documents with risk assessments conducted in solar
PV or in FSPV [2], [75], [76], [77], [78].

Database Document Title References
Science Direct Solar photovoltaics in airport: Risk  [75]
assessment and mitigation
strategies.

Science Direct Risk assessment in planning high [76]
penetrations of solar photovoltaic
installations in distribution systems.
Risk Assessment of Offshore [77]
Floating Photovoltaic Systems
Assessment of floating solar [78]
photovoltaics potential in existing
hydropower reservoirs in Africa.
IEEE Risk Analysis Development of Solar  [78]
Floating Power Plant in The Sea
with Monte Carlo Method

Google Scholar

Google Scholar

Identification of potential risk/hazard
in aviation safety

Establish:

Risk severity and its description. Risk
index matrix (Severity * Probability).

Identification of mitigation measures
to reduce the risk events

FIGURE 9. Methodology of the risk assessment conducted for a solar PV
installation using the risk assessment matrix - “hazard identification and
risk assessment (HIRA) method” [21].

TABLE 3. Types of risk probability [74].

Name of Descriptions Probability
Probability ranking
Certain Expected to occur in most 5
situations
Likely Probably occur at sometime 4
Possible Might occur at sometime 3
Unlikely Could occur at sometime 2
Exceptional May occur in exceptional 1

circumstances

B. RISK ASSESSMENTS IN SOLAR AND FSPV SYSTEMS
1) RISK ASSESSMENT IN AN AIRPORT

[74] conducted a risk assessment of the implementation
of a solar PV land-based project in one of the airports in
Malaysia [74]. They assessed potential risks and hazards
that pose threats to aviation safety using the methodology in
Figure 9 and references in Figure 10 on the risk probabilities
and severity table and the types of risk probability in Table 3.
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Risk Risk Severity
probabilities
Catastrophic Moderate | Minor Insignificant
®*) © (D) (E)
Certain (5) 5D SE
Likely (4) 4D 4E
Possible (3) 3C 3D 3E
Unlikely (2) 2C 2D 2E
Exceptional (1) 1A 1B 1C 1D 1E

FIGURE 10. Risk probabilities and severity table [74].

TABLE 4. Risk severity and its description [74].

Type of severity
Catastrophic

Description Severity ranking
Total damage to aircraft leading to A
more than one fatality and colossal loss
to airport assets.
Main aircraft systems do not work B
resulting in the emergency procedure
of flight, possible injuries to passengers
and crew
Partial failure of aircraft system and C
may result in the abnormal application
of flight operation procedures
Affect the routine airport operational D
procedures
No implication to aircraft-related E
operation and safety

Major

Moderate

Minor

Insignificant

TABLE 5. Risk acceptability table [74].

Color Code Risk Index Decision on
acceptance
Red 5A, 5B, 5C, 4A, 4B, 3A Unacceptable
under existing
circumstances
Yellow 5D, SE,4C, 4D, 4E, 3B, Acceptable after
3C, 3D, 2A, 2B, 2C, 1A review
Green 3E, 2D, 2E, 1B, 1C, 1D, Acceptable as it is

1E

Based on their study, seven (7) types of risks from the
solar PV system at the airport were identified: (1) glare occur-
rence from PV modules, (2) interference with communication
systems, (3) PV array penetration into restricted airspace,
(4) accidental incursion into the PV array, (5) detachment of
the solar PV system, (6) strikes from birds at PV sites, and
(7) electric hazards from the PV system.

These publications provide useful information and guid-
ance for conducting a risk assessment for FSPV systems,
and can serve as a guide. According to Tables 4 and 5,
which were used as a reference for risk assessment using
the HIRA methodology, the highest risk index was associated
with three factors: glare occurrence from PV modules (4 B),
strikes from birds at the PV site (4 B), and interference with
communication systems (3 B).
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TABLE 6. Types and description of risks as found in the literature [11], [13], [21], [37], [78], [79], [80], [81], [81], [82], [83], [84], [85], [86], [87], [88], [89].

[90], [91], [92], [93]-

Type of Risks Risks Description of risks Source

Environmental Ecological FSPV systems can possibly disrupt aquatic ecosystems by blocking sunlight from reaching the  [11],[13],[21]

Risks disruption water surface and altering water temperature and flow patterns. This can affect the growth and  [37],[78],[79]
survival of aquatic plants and animals, as well as alter the nutrient cycling and other ecosystem  [80],[81],[82]
processes.

Water quality FSPV systems can also affect water quality by creating shading and reducing the exchange of  [83]

degradation gases between the water and atmosphere. This can lead to the buildup of organic matter and
nutrients, which can contribute to the growth of harmful algae and other microorganisms. A study
identified the potential for water quality degradation due to the accumulation of pollutants on the
surface of the FSPV panels.

Land use impacts ~ While FSPV systems can help to reduce land use, they also require the use of water bodies, which ~ [83],[84]
can have its own environmental impacts. For example, using water from rivers or lakes can affect
aquatic ecosystems and downstream water users.

End-of-life Like all electronic equipment, FSPV systems have a limited lifespan and must be properly [84]

management disposed of at the end of their useful life. The disposal of solar PV panels can potentially create
hazardous waste, and there is a need to develop sustainable end-of-life management strategies for
this technology.

Marine Typhoons, tsunamis and tidal waves can cause disastrous damage to offshore PV power plant. [117,[85]

environment risk

Regulatory Uncertainty in As FSPV technology is relatively new, there may be regulatory uncertainty or a lack of [86]
regulations regulations specifically designed for FSPV systems. This can lead to delays in obtaining permits
and approvals, which can impact project timelines and increase costs.

Permitting and Permitting and licensing requirements for FSPV systems may be complex and vary between [86]

licensing jurisdictions, making it difficult for project developers to navigate the process.

Tariff and Tariff and incentive policies can impact the economic viability of FSPV systems. Changes in  [86]

incentive policies or the expiration of incentives can result in a significant reduction in revenue, making

policies the project less economically viable.

Land use and FSPV systems may be subject to land use and zoning regulations, which can impact the location  [86]

zoning and size of the project. Failure to comply with these regulations can result in fines, penalties, and

regulations project delays.

Technical Stability FSPV systems are exposed to different environmental conditions, such as wind, waves, and  [86]
currents. As a result, they can experience higher levels of stress compared to ground-mounted
solar PV systems. Ensuring the stability of the floating structures is crucial to prevent damage or
loss of the system.

Corrosion FSPV systems are exposed to water, which can cause corrosion of the metal components, suchas  [87]
frames and mounting systems. Corrosion can lead to structural damage, electrical failures, and
reduced system performance.

Interconnection FSPV systems must be properly integrated with the power grid to ensure stable and reliable power  [11],[85]

and integration generation. This includes interconnection with the grid, power management, and control systems.
Integration challenges can arise due to the remote location of some FSPV systems and the need
for advanced control and communication systems.

Maintenance and  Maintenance and repair can be challenging due to the location of the systems, which may require  [11],[88]

repair specialized equipment and personnel.

Site selection The completion of the project may be delayed and the power generation of the project may fall  [11],[89]
short of expectations

PV array design Insufficient utilization of solar radiation due to irrational PV array design results in lesser power  [11]
production.

Equipment Failure of PV modules and inverter can result in [11],[88]1,[89]

selection loss of entire power output.

Economic Financial and FSPV systems require significant upfront investment, which can create financial risks for project  [11],[85]
initial investment  developers and investors. These risks include changes in government policies, fluctuating energy
prices, and the availability of financing.

Market As FSPV technology is relatively new, there is still uncertainty around the future market for these ~ [11],[85]
systems. Market risks include changes in demand, competition from other renewable energy
technologies, and regulatory changes that could impact the economic viability of the technology.

Installation and  The installation and maintenance costs of a FSPV system can be higher than those of a traditional ~ [11],[85]

maintenance ground-mounted system. These costs are largely due to the specialized equipment and expertise

costs needed to install and maintain a floating system.

Social Displacement of ~ FSPV systems may require the use of large bodies of water, which can displace local [86]

local
communities
Changes to local
landscapes
Community
engagement

Health and safety
risks

Land use
conflicts

communities, particularly those who rely on the water for their livelihoods, such as fishermen.

The installation of FSPV systems can change the appearance of local landscapes, which may
impact the aesthetic value of the area and potentially harm tourism.

Community engagement is crucial to the success of FSPV projects. Failure to involve local
communities in the planning, development, and operation of the project may result in resistance,
which can lead to delays, increased costs, and even project cancellation.

FSPV systems pose health and safety risks to workers and local communities. These risks include
accidents during the installation and maintenance of the system, exposure to electrical hazards,
and exposure to toxic chemicals.

In some cases, there may be conflicts over the use of land, particularly in areas where there is
high competition for land use. For example, there may be conflicts over the use of water bodies
for FSPV systems versus for irrigation or drinking water.

[86],[90],[91]

[86],[92]

[88]

[13],[93]

30460

VOLUME 12, 2024



J. T. Dellosa et al.: Risk Assessment and Policy Recommendations for a FSPV System

IEEE Access

TABLE 7. Proposed risk severity rankings for the FSPV system [74].

Type of severity
Catastrophic

Description Severity Ranking
Total damage of the FSPV system A
leading to more than one fatality
and colossal loss to FSPV assets
Major Main FSPV systems do not work B
resulting to possible injuries to
stakeholders
Partial failure of FSPV system and C
may result in the abnormal
application of FSPV System
operations
Minor May affect the routine FSPV system D
operational procedures
No implication to FSPV system- E
related operation and safety

Moderate

Insignificant

TABLE 8. Probability of occurrence [74].

Name of Descriptions Probability
Probability ranking
Certain Expected to occur in most situations 5
Likely Probably occur at sometime 4
Possible Might occur at sometime 3
Unlikely Could occur at sometime 2
Exceptional May occur in exceptional 1

circumstances

TABLE 9. Risk index and decision basis for acceptance [74].

Color Code Risk Index Decision on
acceptance
Red 5A, 5B, 5C, 4A,4B,3A  Unacceptable under
existing
circumstances
Yellow 5D, 5E,4C, 4D, 4E, 3B, Acceptable after
3C, 3D, 2A, 2B, 2C, 1A review
Green 3E, 2D, 2E, 1B, 1C, Acceptable as it is

1D, 1E

The HIRA methodology for this risk assessment was
adopted from the Safety Management Manual of the Inter-
national Civil Aviation Organization (ICAO). The same
methodology was used in their paper entitled “Risk assess-
ment and possible mitigation solutions for using solar
photovoltaic at airports.”

2) RISKS SUMMARY BASED ON THE AVAILABLE LITERATURE
Although floating solar photovoltaic (PV) systems offer
numerous advantages, there are potential environmental risks
associated with this technology. The types of risks identified
in the literature are summarized in Tables 6 [11], [13], [21],
(371, [781, [791, [801, [811], [81], [82], [83], [84], [85], [86],
[87], [88], [89], [90], [91], [92], [93].

C. RISK ASSESSMENT OF A SMALL-SCALE FSPV SYSTEM
IN LAKE MAINIT, PHILIPPINES

Assessing the risks of implementing a 2.4 kWp small-scale
FSPV system at Lake Mainit, Jabonga, in the province
of Agusan del Norte in the Philippines (with coordinates:
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9.375146, 125.555853) using Hazard Identification, Risk
Assessment (HIRA) methodology involves a process that
identifies potential hazards and evaluates their likelihood and
consequences. Using the HIRA methodology, we adopted and
proposed probability and severity rankings but tailored them
to FSPV systems.

Using the HIRA methodology, the following tables were
used to evaluate the risks of the FSPV system: Table 7 pro-
vides the risk severity rankings for the FSPV system and
Table 8 shows the probability of occurrence. Table 9 presents
the risk indices and acceptance. Table 10 presents the risk
assessment and evaluation with the proposed recommenda-
tions in Table 11 for the FSPV system to be implemented in a
local setting in Lake Mainit, Jabonga, and Agusan del Norte.

D. MINIMIZING SOCIAL RISKS, THE CASE IN
OOST-VOORNSE LAKE, NETHERLANDS

While technical, environmental, and economic risks have
expanded in the recent literature, the social aspect of FSPV
deployment has seldom been studied. [81] conducted a social
study in an FSPV pilot project in Oost-Voornse Lake in
the Netherlands [81]. The authors consulted stakeholders to
determine how the local community perceives the project.
Some of the key findings of this social experiment are as
follows.

o Public perception: The local community had a positive
perception of the FSPV project, with many seeing it
as a sustainable energy solution. However, there were
concerns regarding the impact of the project on the
visual landscape and recreational activities of the lake.

« Stakeholder engagement: The study found that stake-
holders were involved in the planning and development
of the project, and that their concerns were considered
during the design and construction phases. This leads to
a high level of trust between the stakeholders and project
developers.

o Economic impact: The study found that the FSPV
project had a positive economic impact on the local
area, creating jobs and generating revenue for local
businesses.

o Social impact: This study found that the FSPV project
had a positive social impact, contributing to the sustain-
ability and resilience of the local community.

« Environmental impact: This study found that the FSPV
project had a positive environmental impact, reducing
the carbon footprint of the local area and improving the
water quality of the lake.

The social study found that the project had a positive social
impact on the local community as well as positive economic
and environmental impacts. This highlights the importance of
considering the social aspects of FSPV deployment to ensure
that projects are socially sustainable and accepted by local
communities. This is a “living proof” that an FSPV system
can be successfully adopted, deployed, or implemented for
community-based use.
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TABLE 10. Risk assessment of an off-grid 2.4 kWp FSPV system in Lake Mainit, Jabonga, Agusan del Norte [74].

30462

Identify and Risks Ris  Risk Risk Decision Remarks/Justifications for rating and
List Hazards k Sever  Index (Accept or Not) Possible Mitigations
Pro ity
b.
Environmental ~ Ecological 2 D 2D Acceptable as it  The “footprint” or size of the system
Risks disruption is is too small compared to the overall
size of Lake Mainit.
Water quality 2 E 2E Acceptable as it  The FSPV system size is small to
degradation is affect water quality.
Land use impacts 1 E 1E Acceptable as it  For example, using water from rivers
is or lakes can affect aquatic
ecosystems and downstream water
users.
End-of-life 2 D 2D Acceptable as it  Proper monitoring and maintenance
management is are necessary in the later years of the
operation.
Marine 3 D 3D Acceptable as it  FSPV system in lakes are not like
environment risk is those in offshore deployments where
tsunamis and tidal waves can cause
disastrous damage.

Regulatory Uncertainty in 3 D 3D Acceptable as it  There are no present regulations for
policies or is FSPV in the Philippines. This R&D
regulations project will help define for the

development of a policy brief.
Permitting and 2 D 2D Acceptable as it There is an existing MOA with LGU
licensing is Jabonga for the FSPV system
deployment in Lake Mainit.
Tariff and 1 E 1E Acceptable as it  For an off-grid FSPV application, this
incentive policies is risk is not applicable.
Land use and 1 E 1E Acceptable as it  There is an existing MOA with LGU
zoning is Jabonga for the FSPV system
regulations deployment in Lake Mainit.
Technical Stability 4 B 4B Unacceptable The 2.4kWp system’s stability of the
under existing floating structures (high wind
circumstances tolerances of over 100kph) and
anchoring should be ensured to
prevent damage or loss of the
system.
Corrosion 3 D 3D Acceptable after  Unlike at sea, the Lake Mainit’s water
review profile is not salty or corrosive.
Interconnection 1 E 1E Acceptable as it  For an off-grid FSPV application, this
and integration is risk is not applicable.
Maintenance and 2 D 2D Acceptable as it  The location of this FSPV system is
repair is right close to shore, hence
maintenance and repair is expected to
be manageable.
Site selection 1 D 1D Acceptable as it The risk is minimized with the
is identified location near the shore and
is in inner portion of the lake.
PV array design 2 D 2D Acceptable as it Prior to the implementation, the
is. 2.4kWp system was carefully
analyzed and control systems were
developed to monitor the output and
all with proper insulations.
Equipment 2 D 2D Acceptable as it The selected PV modules are
selection is. Selected to work in a lake
environment with proper insulations.
Economic Financial and 1 D 1D Acceptable as it For this particular project with the
initial investment is. 2.4kWp system size, the upfront cost
is manageable. However, this could
be a challenge for bigger system size.
For future R&D work, DOST can
provide funding.

Market 1 E 1E Acceptable as it As this is an R&D work, market

is. analysis will not have an impact to

the deployment of this small-scale
system.

Installation and 4 D 4D Acceptable after  The maintenance cost in the future is

maintenance review necessary for the continued

costs operation. With the signed
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TABLE 10. (Continued.) Risk assessment of an off-grid 2.4 kWp FSPV system in Lake Mainit, Jabonga, Agusan del Norte [74].

partnership of the LGU, the
maintenance cost should be covered.

Social Displacement of 1 E 1E Acceptable as it  With a small-scale system, no
local is. displacement will be made in the local
communities area.

Changes to local 1 E 1E Acceptable as it The FSPV systems can actually

landscapes is. provide aesthetic value of the area and
potentially can be a tourism area.

Community 2 D 2D Acceptable as it Community engagement is crucial to

engagement is. the success of FSPV projects. With
the signed MOA with the LGU, this is
acceptable with them already.

Health and safety 4 A 4A Unacceptable Exposure to health and safety risks to

risks under existing workers and members of the local

circumstances. communities. These risks include

accidents, and exposure to electrical
hazards if there are no protocols in
placed.

Land use 1 E 1E Acceptable as it There is an existing MOA with LGU

conflicts is. Jabonga for the FSPV system

deployment in Lake Mainit.

E. POLICIES FOR DEPLOYMENTS IN TOP FSPV COUNTRIES
Over the years, various countries have developed methods
to increase the capacity of solar photovoltaic (PV) systems.
Prior to the FSPV system deployment, land-based systems
were the most popular form of deployment. Feed-in tariffs for
large-scale solar PV systems and net metering for residential
and smaller-capacity rooftop installations have become pop-
ular policy incentives for power generators and homeowners
to capitalize [94].

The emergence of the FSPV system has enabled a revisit of
the existing policies of countries that are active in their FSPV
deployment, led mostly by Asian countries. Over the years,
China and Japan are two of the Asian countries dominated
the FSPV deployments comprising of more than 89% of the
projects in the world with a total capacity of over one (1)
TWp capacity as of Dec. 2018 with government policies
highlighting the incentives of FSPV [95].

1) POLICIES IN CHINA
China is a global leader in the deployment of FSPVs. The
majority of FSPV have been based on three solar photovoltaic
policies [10]:

¢ The standard Feed-In-Tariff ‘“Build Plan;”

o The Poverty Alleviation program; and

« Top Runner Program

The Top Runner Program was influential in the FSPV
system deployments [96], [97], [98]. The government is mov-
ing to competitive auctions and gradually eliminating the
FITs and other subsidies, however the FITs initially played
a significant role in encouraging new investment in PV sys-
tems [96], [97], [98].

The Poverty Alleviation program provides financial assis-
tance to facilitate the deployment of FSPV at the village
and utility levels. This program was essential for enabling
the use of FSPV in coal mines that had been unused and
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extremely polluted and were therefore unsuitable for many
other uses [98].

The Top Runner Program, which offered financial incen-
tives to FSPV systems and other cutting-edge PV technolo-
gies, was crucial to the development of FSPV in the country.
The initiative established minimal performance standards for
the participating technologies before establishing exclusive
bids for those that met the requirements. The installation of
approximately one (1) TWp of the FSPV was made possible
by both initiatives, which have now been phased out. The
country has since risen to become the largest FSPV system
deployer globally [98].

In general, China offers guidance on promoting FSPV
deployment:

« Encourage renewable energy deployment through
national and regional targets and standards;

o Encourage deployment on bodies of water and other-
wise useless land as opposed to natural water bodies,
which could necessitate a more thorough environmental
approval process.

2) POLICIES IN JAPAN

With over 200 MW of FSPV deployed and the development
of a local FSPV industry that generates jobs, Japan has also
emerged as a global leader in FSPV technology [98]. Japan’s
specific power system requirements, hilly terrain, and land
constraints have contributed to the interest in FSPV systems.
Following the Fukushima nuclear accident, the nation was
determined to increase the deployment of renewable energy
(RE). Consequently, through significant FITs, research and
development funding, home solar subsidies, and renewable
portfolio standards, the government has strengthened its sup-
port for renewable energy technologies (RETs), particularly
solar energy. FITs were initially the primary incentive mech-
anism used to promote the deployment of solar PV; however,
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TABLE 11. Risk identification, risk rating and proposed recommendations for mitigations [74].

Type of Risks Risk Risk Rating ~ Proposed Recommendations: Possible Actions and Mitigations
Social Risk: Health and 4A 1. Stakeholder engagement: Engaging with stakeholders, such as local communities,
safety authorities, and users of the water body, can help to identify concerns and address them

in the design and operation of the floating solar PV system. Communication should be
ongoing to keep stakeholders informed about the project and to address any concerns
that may arise.

2. Safety measures: Appropriate safety measures should be implemented to ensure the
safety of personnel involved in the installation and operation of the floating solar PV
system. Safety equipment, such as life jackets, helmets, and safety ropes, should be
provided and used as necessary.

3. Navigation aids: Navigation aids, such as buoys and markers, should be installed around
the floating solar PV system to alert boat operators and other water users of its presence.
This can help to prevent collisions and other accidents.

4. Access control: Access to the floating solar PV system should be controlled to prevent
unauthorized access and ensure the safety of personnel and the integrity of the system.
Security measures, such as fencing or barriers, should be installed as necessary.

5. Environmental impact assessment (EIA): Conducting a full-blown EIA can help to
identify potential environmental and social risks and develop appropriate mitigation
measures. The EIA should consider the potential impacts of the floating solar PV system
on the water body, wildlife, and other natural resources.

6.  Water quality monitoring: Monitoring the water quality around the floating solar PV
system can help to identify any potential impacts on the water body and aquatic life. The
monitoring should be conducted regularly to ensure that any adverse impacts are
identified and addressed promptly.

Technical Stability 4B 1. Design and engineering: The floating solar PV system design and engineering should be
carefully planned and executed to ensure that it is stable and able to withstand various
weather conditions, such as high winds, waves, and currents. The system should also be
designed to minimize shading of the solar panels, which can reduce energy output.

2. Anchor and mooring systems: The anchor and mooring systems used to secure the
floating solar PV system should be robust and designed to withstand the forces of wind,
waves, and currents. The anchor and mooring systems should also be regularly inspected
and maintained to ensure that they are functioning properly.

3. Electrical system: The electrical system of the floating solar PV system should be
designed and installed to prevent short circuits, electrical shocks, and other hazards.
Ground fault protection devices should be installed to protect the system from electrical
faults.

4. Monitoring and maintenance: Regular monitoring and maintenance of the floating solar
PV system can help to identify potential issues before they become major problems. The
system should be inspected regularly for signs of wear and tear, corrosion, or damage.
Maintenance activities should be carried out by trained personnel using appropriate tools
and equipment.

5. Emergency response plan: An emergency response plan should be developed and
communicated to all personnel involved in the installation and operation of the floating
solar PV system. The plan should include procedures for responding to various types of
emergencies, such as severe weather, equipment failure, or other incidents that could
compromise the stability of the system

Economic Installation and 4D 1. Cost-benefit analysis: Conducting a cost-benefit analysis can help to identify the
maintenance economic benefits of the floating solar PV system and determine whether it is a
costs financially viable investment. The analysis should consider the installation costs,

maintenance costs, and the potential revenue from energy sales.

2. Project financing: Securing project financing can help to manage the economic risks of
the floating solar PV system. Financing options may include debt or equity financing,
grants or subsidies, and power purchase agreements (PPAs).

3. Maintenance planning: Developing a maintenance plan can help to reduce the long-term
costs of the floating solar PV system. The plan should include regular inspections and
maintenance activities, such as cleaning the solar panels, checking the mooring systems,
and replacing damaged equipment.

4.  Remote monitoring: Implementing a remote monitoring system can help to reduce the
maintenance costs of the floating solar PV system. The system can provide real-time data
on the performance of the system, allowing for proactive maintenance and reducing the
need for on-site inspections.

5. Equipment selection: Selecting high-quality equipment can help to reduce the
maintenance costs of the floating solar PV system. High-quality equipment may be more
expensive upfront, but it can reduce the frequency and cost of repairs and replacements
over the life of the system.

6.  Long-term contracts: Entering long-term contracts with suppliers and contractors can
help to manage the economic risks of the floating solar PV system. Long-term contracts
can provide cost stability and reduce the risk of price volatility for equipment and
services.
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TABLE 11. (Continued.) Risk identification, risk rating and proposed recommendations for mitigations [74].

Technical Corrosion 3D 1.

Use corrosion-resistant materials: The use of corrosion-resistant materials in the design

and construction of the floating solar PV system can help to mitigate the risk of corrosion.
Materials such as stainless steel, aluminium, and coated steel can be used to prevent rust

and corrosion.

2. Coatings and paints: Coatings and paints can be used to provide an additional layer of
protection against corrosion. Specialized coatings and paints are available for use in
marine environments that can help to mitigate corrosion risks.

3. Regular maintenance: Regular maintenance of the floating solar PV system can help to
prevent and detect corrosion. Inspections and maintenance should be conducted regularly
to identify any signs of corrosion and address them promptly.

4. Grounding and bonding: Proper grounding and bonding can help to prevent galvanic
corrosion, which occurs when two dissimilar metals come into contact in the presence of

an electrolyte.

these FITs are presently being phased out to stimulate the
development of cost-effective technologies. In addition, the
Asian Development Bank (ADB) and Japan International
Cooperation Agency (JICA) have provided technical assis-
tance and project funding to boost the implementation of solar
PV in and outside Japan. Summary of lessons learned from
Japan regarding FSPV deployment [98].

o The adoption of floating photovoltaic (FSPV) technol-
ogy could be facilitated by offering clearly defined
and mutually reinforcing incentives and constraints
for energy advancement, land use, farming, and water
resource administration, while considering the societal
values associated with these systems and minimizing
any associated obstacles or uncertainties.

o Encouraging the installation of FSPV systems in coun-
tries where land is limited and there is competition
between agricultural use and human settlements could
alleviate land-use challenges. In addition, such initia-
tives should comply with policies aimed at providing
low-cost, sustainable electricity.

o There are various strategies to promote the adoption of
FSPV technology, such as providing research and devel-
opment assistance, financing pilot and demonstration
projects, and advancing renewable energy (RE) targets.
However, it is important to note that, as technology
becomes more widely used, there may be increased
resistance to ongoing government funding.

« Additionally, setting ambitious RE targets can encour-
age investment in emerging renewable energy
technologies.

o A practical way to diversify the energy mix is to sup-
port the expansion of the emerging renewable energy
technologies.

3) POLICIES IN SOUTH KOREA

South Korea uses solar PV deployment as part of its plan to
decarbonize the power sector. Owing to the public opposition
to the use of forests and agricultural land for solar develop-
ment, the government is focusing on FSPV systems, which
have become attractive alternatives to land-based PV systems.
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This emphasis on FSPV systems has made South Korea a
frontrunner with at least 100 MW of installed FSPVs [98].

Recently, the country announced a $3.96 billion investment
in offshore FSPV projects with a capacity of 2,100 MW. The
government has been supporting FSPV through financial sup-
port for research and development, national renewable energy
targets favorable to FSPV, and other emerging renewable
energy technologies (RETSs) [98].

In 2009, the government initiated its backing for
FSPV by providing financial support for preliminary
research, development, and demonstration (RD&D) endeav-
ors. Subsequently, in 2011, the government joined forces
with independent power producers to sponsor the experi-
mental projects. Then, in 2013, the government revised its
Renewable Portfolio Standards (RPS) by giving the greatest
Renewable Energy Credit importance to FSPV systems and
rooftop PV systems under the solar category [98], [99].

South Korea provides valuable insights into promoting the
adoption of FSPV systems, including:

e Encouraging the adoption of FSPV systems can lead
to the establishment of a local FSPV industry, generat-
ing job opportunities and avoiding conflicts caused by
land-based PV systems competing with other land use
needs.

e Encouraging the adoption of FSPV technology requires
a multifaceted approach that involves both research and
development (R&D) and deployment support.

F. POLICY RECOMMENDATIONS FOR FSPV IN THE
PHILIPPINES

The policy recommendation for wider adoption of the FSPV
system is a suggestion or proposal for a course of action
that could be taken by policymakers, government officials,
or organizations. Based on this descriptive study based on
the literature available for FSPV systems, the following are
the strategic recommendations provided in Table 12 aimed
at providing guidance on the best way to achieve a desired
outcome or objective a much wider adoption of the FSPV
system in the country, and Table 13 provides for the imple-
mentation plan and the involvement of the government in
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TABLE 12. Policy recommendations for FSPV systems [74].

Area

Item

Recommendations

Economic or
Financial

Technical

Regulatory

1

10

12

13

14

15

16

17

Provide financial support for research and development (R&D) of FSPV technology to help reduce costs and
improve efficiency. Research and development will be supported to improve the performance and cost-
effectiveness of floating solar photovoltaic systems.

Provide incentives and subsidies for the adoption of FSPV systems, such as tax credits, subsidies, and feed-in-
tariffs, to encourage investment and reduce the payback period for investors.

Develop clear, consistent, and mutually reinforcing incentives for energy development can mitigate uncertainties
in FSPV projects and decrease the cost of project development.

By investing in education and training programs for students and professionals, local communities can establish
an FSPV workforce, equip industry experts with the necessary skills to support the growing FSPV sector, and
potentially reduce project development costs.

To promote equal opportunity in the FSPV and other renewable energy technology industries, gender
mainstreaming could be included as part of workforce development initiatives.

A national skills assessment could be conducted to achieve three objectives: (1) assess the current state of the
FSPV workforce, (2) evaluate the transferability of skills from related industries, such as offshore, hydropower,
water production, and land-based solar industries, and (3) determine the skills or certifications required in the
FSPV industry that would strengthen and expand the FSPV workforce.

Develop and implement standards for the design, construction, material selection, operation, and maintenance
of FSPV systems to ensure safe and efficient operation:

. Design and engineering: The floating solar PV system design and engineering should be carefully
planned and executed to ensure that it is stable and able to withstand various weather conditions, such
as high winds, waves, and currents. The system should also be designed to minimize shading of the
solar panels, which can reduce energy output.

- Anchor and mooring systems: The anchor and mooring systems used to secure the floating solar PV
system should be robust and designed to withstand the forces of wind, waves, and currents. The
anchor and mooring systems should also be regularly inspected and maintained to ensure that they
are functioning properly.

- Electrical Safety: FSPV systems must comply with electrical safety regulations, including grounding,
isolation, and protection against electrical faults;

. Navigation Safety: Floating solar PV systems must not interfere with navigation or pose a hazard to
boaters or another watercraft. There may be regulations related to the location of the system and the
placement of warning markers.

- Maintenance and Decommissioning: Floating solar PV systems must be regularly maintained and
eventually decommissioned in an environmentally responsible manner. There may be regulations
related to the maintenance and decommissioning processes, including the disposal of materials and
the restoration of the water body.

. Marine Life Protection: Floating solar PV systems must not cause harm to marine life. There may be
regulations related to the design of the system, such as the distance between floats, the height of the
system above the water, and the use of anti-reflective coatings on the panels.

. Water Quality: Floating solar PV systems must not have negative impacts on water quality. There
may be regulations related to the type of materials used in the system, such as the type of panels,
floats, anchors, and mooring systems.

The establishment of reliable certifications and consistent standards can help reduce policy uncertainty, provide
guidelines for operation and maintenance of FSPV systems, and ensure the installation of high-quality FSPV
systems.

Conduct research and development on the resilience of FSPV installations to natural disasters may enhance
confidence in the performance of FSPV systems during extreme weather events.

Grid integration planning approaches that are enhanced can simplify the process of integrating FSPV systems
onto the grid.

Develop a regulatory framework that supports the development of FSPV systems and ensures the sustainable
use of water resources.

Setting clear and ambitious targets for FSPV deployment to create a sense of urgency and provide a clear
direction for investors and industry stakeholders.

Increased engagement with policymakers and financial institutions can raise awareness of FPV systems,
resulting in greater support for investing in R&D and deployment projects. Policymakers lacking sufficient
knowledge of renewable energy, including FSPV, may struggle to design effective policies and regulations.
Simplifying FPV-permitting guidelines can lower permit fees and minimize discrepancies, thereby making
project development more accessible.

Promoting public-private partnerships to foster collaboration and knowledge sharing between government
agencies, research institutions, and industry stakeholders.

Integration of FSPV into the overall energy mix for larger capacities to support the grid during periods of peak
demand

Encouraging international cooperation and knowledge exchange to promote the development of a global FSPV
industry and accelerate the deployment of this technology.
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TABLE 12. (Continued.) Policy recommendations for FSPV systems [74].

Social 18

19

20

Environmental 21

22

To avoid delays in the development process of the FSPV project, it is crucial to prioritize obtaining public
support and buy-in through public outreach and engagement.

To garner public support and buy-in for floating solar, it can be helpful to create educational initiatives aimed at
informing people about the advantages of FSPV systems. Additionally, it is important to implement intentional
analysis and tracking of public acceptance for floating solar as a means of monitoring progress.

Access to the floating solar PV system should be controlled to prevent unauthorized access and ensure the safety
of personnel and the integrity of the system. Security measures, such as fencing or barriers, should be installed
as necessary.

Evaluation of the environmental impact of FSPV to ensure that they do not cause harm to aquatic ecosystems or
wildlife.

Governmental support for additional research and development (R&D), new management techniques, long-term
monitoring, and secure but collaborative data sharing processes can increase knowledge about the environmental
impacts of FSPV systems. This could shorten the environmental review process and reduce project development

costs.

23 Monitoring and assessment of FSPV to identify any opportunities for improvement;

TABLE 13. Proposed implementation plan for FSPV policy
recommendations [74].

1 The implementation of this policy recommendations will be
coordinated with the Department of Energy (DOE), Department of
Science and Technology (DOST), Local Government Units in
collaboration with other relevant government agencies, industry
associations, and stakeholders.

2 The performance of floating solar photovoltaic systems will be
regularly evaluated and the policy will be reviewed and updated as
necessary to ensure its continued effectiveness.

3 The implementation plan will include the development of
guidelines, regulations, and best practices for the design,
construction, and operation of floating solar photovoltaic systems.

4 The implementation plan will also include the establishment of
programs and incentives to support the deployment of floating
solar photovoltaic systems.

the country. The goal of this policy recommendation is to
influence decision makers and promote positive changes in
policy, practice, or behavior.

V. CONCLUSION

In conclusion, FSPV systems represent a promising solution
to the growing global energy demand, and the poten-
tial of this technology to play a significant role in the
transition to a low-carbon, sustainable future cannot be
ignored. Overall, floating solar PV systems can provide reli-
able and efficient renewable energy sources, particularly in
locations in which land-based systems are impractical or
unavailable.

Risks and barriers associated with FSPV systems were
identified in this study and categorized as environmen-
tal, technical, regulatory, economic, and social based on
the risk assessment conducted using the HIRA methodol-
ogy. Based on the risk assessment, the risks with a higher
probability of occurrence and severity were (1) social risk
(health and safety), (3) technical risk (stability), (4) economic
risk (installation and maintenance costs), and (5) techni-
cal risk (corrosion). To mitigate these risks, the proposed
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recommendations - actions and mitigation—are outlined.
Overall, with community engagement or buy-in, proper plan-
ning, installation, and maintenance, the risks associated with
FSPV systems can be managed effectively, and the benefits
of this technology can be realized.

This case study provides a comprehensive overview of
the risks and challenges associated with FSPV systems and
helps to identify the best ways to promote the growth and
success of this promising technology by identifying policies
highlighting the programs and incentives from various coun-
tries ahead in FSPV deployments, such as China, Japan, and
South Korea, which currently comprise over 90% of FSPV
deployments. In China, the three programs that accelerated
the FSPV deployments in the late 2010s were: (1) standard
FIT “Build Plan”; (2) the poverty alleviation program; and
(3) the top runner program.

Japan has also emerged as a global leader in FSPV technol-
ogy through significant FITs, which is the primary incentive
mechanism used to promote the deployment of solar PV.
Research and development assistance, financing pilot and
demonstration projects, and advancing renewable energy
(RE) targets were implemented to promote the adoption of
FSPV technology.

The Korean government collaborated with independent
power producers to finance pilot projects and revised its
Renewable Portfolio Standards (RPS) by assigning the high-
est Renewable Energy Credit weighting within the solar
class to FSPV and rooftop PV systems. With these pro-
grams, a local FSPV industry was established to generate
job opportunities and avoid conflict. The Korean govern-
ment has pursued research and development (R&D) and
deployment support to encourage the adoption of FSPV
technology.

The findings of this study contribute to the ongo-
ing discussions surrounding the development and deploy-
ment of FSPV systems and provide valuable insights for
policymakers, industry stakeholders, and other interested
parties.
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